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1
BLAST SUPPRESSIVE SHIELDING

GOVERNMENT INTEREST

The invention described herein may be manufactured 3
and used by or for the Government for Governmental
purposes without the payment of any royalties to us
thereon or therefor.

CROSS-REFERENCE TO RELATED - 10

APPLICATIONS

This application is a continuation of Application, Ser.
No. 699,738, filed June 24, 1976, now abandoned, which
in turn is a continuation of Application, Ser. No.
495,177, filed Aug. 6, 1974 and also now abandoned.

BACKGROUND OF THE INVENTION

The present invention relates generally to the field of
explosives, propellants and pyrotechnics and more par-
ticularly to reducing the hazards of handling, manufac-
turing, storage, transporting, using and demolition of
these materials.

Since the time of Nobel, much effort in research and
development has been expanded to develop more effi-

cient and reliable explosives. These ends have been 25

achieved in part, but little or no real comparab!e
progress has been made until the instant invention in the
area of hazard prevention in the manufacture, storage,
transportation, demolition and.demilitarization of ex-

plosives, propellants and pyrotechnics commensurate 30

with the development of these materials.

In the manufacture of these materials the hazards
were and still are being viewed as being existant and
that explosive and conflagration accidents are inevitable

and unavoidable. The ob_yectlve, until the present inven- 35

tion, has been to minimize them. This has been done by
providing manufacturing buildings with concrete walls
3 feet thick. Roofs and ceilings liave been designed with
like strength and like safety factors, or alternatively

designed to blow off. Internally, certain precautions 40

have been taken. For example, 1 foot thick concrete or
cement block dividing walls havé been used to partially
localize accidental blasts and fires. The affects of blasts -
such as overpressure and the effects of rapid fires are

generally vented out doors, above the dividing walls, or 45

through a portion of the roof which is designed to give
way. One contemporary installation has an outside wall
which extends from one dividing wall to the other built
of frangible material so that the pressures from the blast

and fires are vented therethrough Other wall designs 50

instead of pure concrete are also in use. The concrete
walls have been reinforced with welded steel reinforce-
ments which enables the concrete to withstand more
explosive force in as much as it is weak in tension. Alter-

natively, hollow walls have been constructed and used 55

with some success. They comprise spaced inner and
outer panels of either steel or wood with sand filling the
space therebetween. The assembly lines are generally
segmentized in plural of the aforementioned buildings

and for within each buxldmg structure. This is and has 60

been done with safety in mind; i.e., in the event of an
explosnon and/or fire only one portion of the assembly
line is destroyed. Within one building structure it is
conventional to pass the assembly line transverse to and

through these dividing walls. Through heavy wall and 65

divider construction, a measure of hazard. prevention
has been bad. Even in view thereof, ever present danger
to personnel life and plant demolition still plagues the

2
explosive propellant and pyrotechnic manufacturing
community. This is so, because the concept of Quantity-
Distance (Q-D) is still the only guide employed to pro-
tect adjacent structures against major structural dam-
age.

In the storage of pmtmlly or fully a:scmblcd muni- -
tions and explosives, it is and has been common practice

to provide storage magazines under the earth. The mag-
azine comprises a concrete structure with an entrance
way, with walls, a floor,.and a roof 2 to 3 feet thick. The
roof is generally dome shaped and the entrance way is
closed by a heavy door which is designed to give way

- if a blast occurs. The roof is generally covered with 3 to

4 feet of packed earth. Though a measure of safety is
had by these storage efforts, the possibility of explosive
blasts and fires causing harm to persons and property

‘considerable distances from the storage area still exists.

In the field of transporting explosives, propellants,
pyrotechnics and miunitions, where the material or the
munition either has deteriorated to an unsafe condition
or it has become obsolete, very uneconomical and strin-

gent safety measures are and have been taken. Isolated

and uninhabited sites in the plains and within valleys
with high ground or mountainous perimeters have
served this end. So also, strong structures with high
safety factors have been neutralizing, “provided for
blasts”, where the above sites are inaccessible or the
economic factors make it prohibitive. Though these
measures have served to prevent harm to the general
population and to valuable real and personal property,
real and present danger always exists to the needed
personnel. Aside from the use of all-metal, impérforate,
thick shields between the exploding medium and the
personnel doing the detonating, tremendous danger
exists due to flying debris (fragments, firebrands, etc)
and from the flame or fire effects.

The effort to alleviate and eliminate harm to persons
and property, as outlined above has led us to the devel- -

opment of our new explosive and fire shielding tech-
niques which we believe are a brake-through in hazard
protection and prevention in the explosive, propellant
and pyrotechnic fields.- Until the instant, confinement of
the explosion or fire in its entirety was the aim. Thus the
percussion forces resulting from the rapid release of
energy caused conflagration and debris to be spread
over a wide area. This required the specification of

“quantity distance” which necessitates ]arge areas of
real estate to be set aside as buffer zonesin order to
achieve a safe environment. Our invention is a depar-
ture therefrom. We, according to our invention, confine
100% of the flying debris (fragments) within tlie imme-
diate vicinity of the explosion and bleed off, or dissipate,
and baffle the pressure differential to reduce the force
thereof to a negligible level. By the use of our innova-
tive shield, hazards of blasts and combustion will be
reduced ten fold. With our invention, personnel work-
ing nedr hazardous material manufacturing, storage,
demilitarization and demolition areas and those using
and transporting hazardous materials will be .able to
survive resulting explosions, blasts, and fires of ‘these
materials with little or no personal harm.

. SUMMARY OF THE INVENTION |

Briefly, the present invention provides for the encase-
ment of potentially explodable or spontaneously com-
bustible material with a debris and fire confining and
pressure-differential ~ diffusing and heat-dissipating
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3
shield in the fields of use, manufacture, storage, trans-
portation, demolition, demilitarization, etc. of explo-
sives, pyrotechnics and propellants.
It comprises, various methods and apparatus for con-

4
curve duration so that the abruptness of temperature
and pressure pegks are reduced. Tests have been con-
ducted to better illustrate the benefits of our invention.
For example, a 4.2 white phosphorous mortar shell,

fining the debris, the fireball, and diffusing the gases of 5. when detonated, typically scatters the phosphorus over

exploding material and also dlssxpatlon of heat so that
harm from resulting blasts and fires is conﬁned to the
immediate v1c1mty thereof.

The shield is comprised of a plurahty of 1nterspace _
10 to enclose the sariie type and sizé shell. We exploded the

layers of steel grating, steel perforated plates, steel lou- -
vered panels or wire screening, either used singly or
together as a composite. The steel grating and louvered
plates have been found to serve better for catching

fragments. The perforated plates, or panels, have been
found to serve best to reduce blast overpressure and to 15

attenuate explosive forces or non- explosive conflagra-
tion. And, the screens have been found to serve best as
large heat sinks to dissipate the heit of the biast and also
to confine conﬂagratlon Though 4 multitude of designs

are possible for ouf innovative. multi- layer shield by.
virtue of the alternative usé of various forins of aper- -
" tured plates, such as éither grating, perforated plates,

louvered pdnels or screens, we a§ will be explamed

‘below, Have found varlous composite designs compris-

ing the use of one or mote of each of the above materials
to be the most economical.
Our shield, in use, can be of any striictiired shape or

form so long as it functions to catch explosive frag- -

ments, to reduce some of the biast overpressures, con-
fine the conflagration, and to dissipate some of the heat
created by the explosion. With thé interposition of, or
an overlap of a thin layer of moisture-repellant mat'erlal
such &s nonflammable plastic or tredted paper, the
shield can also be tised as the extéfior portion of matiu-
facturing, storage, transportatlon, demolition, and’ de-
militarization structures or méans used with sheltering
hazardous materials. It cin be used as 4 complete shield
structure within a striicture or undéf plural shield struc-
tures Within a4 structtire. It can be used to encase ma-

a 120 foot diameter area, and throws fragiments from the

“round at least 1,000 feet. By contrast a three inch thick

shield having 4’ X 4' X4’ dimensions and embodying the
innovative features of the present invention was placed

shell and observed that the fire ball was reduced to 12
feet in diameter and all fragments and phosphorus parti-

sicles were confined by the shield. Another shell of the

-saime size and type was exploded in a 16’ X 16’ X 16’ foot
cubiclé plywood striicture inade of } inch thick 4 by 8
foot plywood sheets secured to a 2X4 inch skeleton
structure with the studs and joists spaced 24 inches
" aparti It was demohshed Ainother equivalent 4.2 round
was exploded in 4 duplicaté 16 foot cubicle plywood
- striictiire with a shield constructed in accordance with
* the" presént invention surrounding the round and no
relative damage occurred to the structure.

* Tésts ‘condiicted on a rectangular, box- shaped con-
tainér for t transportmg 1400 high explosiveé primers to be
used W1th 5.56 millimeter cartridges indicated that one
prlmer would detonate and destroy the contamer by

.....

‘Othet prlmers Under the same test conditions, merely

0 by replacmg the solid, heavy top and bottom covers of

the cotitaitier With covers structurally embodying our
.innovative shieid, the container was not destroyed The
contamer was reused and only a few prlmers at the

'35 were salvaged The same nondestructive result was

 ‘obtainéd in 4- test where five of the 1400 primers were
. s1multaneously detonated.

: Therefore, it is an object of the present invention to
provrde riew apparatus and methods for reducing ha-

chines, parts of machines and assembly lines wheére 40- zards to persons and property in the field of explosive,

potential hazards exist eithér workmg with or on these
materials. It can be used to encase individual or plural
explosives, pyrotechnics, propellants Of munitions for
storage and transportatlon And it is intended to redice
the hazards of massive destruction of above-ground
warfare, munition dumps and storage afeas etc. whefe
harm to persons and property is éver present.
When a blast occurs i a coiiventional, thrée=sided,
reinforced, hardwall cubicle of 4 temporary storagé Or
manufacturmg facility, the result’ is commonly that-
which is depicted in FIG. 1 (Prior Art) of the drawings.
The high pressures are relieved when the weakest part,
or parts, of the structure gives way. The roof and efi-
trance way fractute'and blow off. The "depicted
“chunks” of debris compound the fragment and blast
hazards. In contrast, if a shield embodying the present
invention had been used in or as the structure, little ot
no damage would be evidenced, because the blast
would have beer completely enclosed to thereby con-
fine the debtis and attenuate the blast pressure. Thus the
roof and entrance way would have remained intact. Our
inventive concept relies on continuous and controlled
venting of the explosion gases by means of staggered
out of lirie of sight apertiirés in the stiteld 6 that contin-

,propellant and pyrotechnic manufacture, storage, trans-

portatlon, demlhtarlzatlon, demohtxon, and use.
Another object of the invention is to reduce the ha-

zards in*marufacture, storage; transportation, demoli-

45 tion and use of explosives, propellants and pyrotechnics

by providing shielding apparatus and methods which
vlocally confine the blast debris.

- Still another object of the invention is to reduce the
hazards in manufacture, storage, transportation, demoli-

50 tion, and the use of explosives, pyrotechnics and propel-

lants by providing shielding apparatus and methods to
prevent flame propagation.
- A further object of the invention is to reduce the

hazards i manufacture, storage, transportat1on, demoli-
55 'tion and the use of explosives, pyrotechnics and propel-

‘lants by providing shieldinig apparatus and methods to
locally’ confiné the’ debrrs and attenuate overpressure
from blasts: -t

+:Still a further object of thié invention is to reduce the

60 hazards in matiufacture, storage, transportation, demoli-

tion ahd the use of expldsives, pyrotechnics and propel-
Jants by providing shielding apparatus and methods to
loca]ly confine the debris and fireball, attefiuate over-
ptessufes; and dissipate heat of blasts resulting from

uous; coritrolled ventmg takes place from the timé of 65 detonation of such explosivés, pyrotechinics, propellants

detonation to the time that overpressure has been equal-
ized in the surrounding atmosphere. In short, our inven-
tion increases the time-temperature and time-pressure

and the like. "~ =t
- These and other objects and advantages will become
apparent from the following detailed description of the
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invention when considered in conjunction with the
drawings.

BRIEF DESCRIPTION QF THE DRAWINGS

6 ‘

handling and must function to contain blast 4 fragments,

. to baffle, attenuate and reduce blast 4 overpressure, to
_contain the blast 4 fireball and to dissipate heat of the
. blast. Various cross-sectional layered shapes can be

FIG. 1 is an example of a prior art manufacturing or : 5 :used for this end, Conventional ste‘el structural materi-

storage facility depicting the debris of a blast partially
demohshmg the facility. .

FIG. 2 is an example of our mvent10n shield protect-
ing a workman standing nearby from the debris and fire,
the blast overpressure, and excessive heat of a blast.

FIG. 3 depicts a demolition set up wherein a sealed
outer quonset hut shaped enclosure contains the dissem- -
inated chemical of an exploding chemlcal agent muni-
tion.

als can be sued.
+ FIG. 7 is 4 plain view of a typxcal shield section 2.
FIG. 8 is a partial isometric cross-section of FIG. 7

" depicting one of numerous conceivable composites
10 makmg up our invention suppressive shield. Uppermost

«is channel beam 7 which forms a portxon of the outer
frame of shield section 2. Therebelow; is the composite
.. shield made up of louvered plates 5§ between which are
.;spacially sandwiched apertured plates 6 and heat dissi-

FIG. 4 is an isometric view of a munition assembly - 15, pation screen members (not shown) affixed to plates 5

line within a manufacturing structure, depicting our
invention shield enclosing a machme performing an
assembly operatxon

FIG. 5 is a cross section view of a compostte shield of

.-and 6: For strength and integrity of the sections 2 and so

»; also; to eénable the séctions to be secured together, it is
. preferable that members 7 completely surround plates §

..and 6 as shown in FIG. 7. To enable our invéntion to

the invention terminated with a structural or channel 20 accomplish the aforementioned features of confining

beam affixed thereto. ) .

FIG. 6 is an expanded isometric view of a corner .
portion of one of the many design varieties of the inven-
tion.

the conflagration and debris, and reducing the overpres-
.sure of the blast, the plates must be laterally spaced and
apertured All apertures are staggered as viewing the
.plates laterally so- that attenuation and baffling of the

FIG. 7 is a p]an vnew of a shield section of the i mven- 25 pressure can come about. So also, further, so that debris

tion. iy

FIG. 8 is an lsometrlc partlal sectlon of FIG 7
FIG. 9 is an example of two shxeld part sections form-

ing a 90° jomt . T

" cannot traverse the entire extent of the composrte, stag-

. gering has been affected. Louvers 9 aré either struck
;-from plates 5 to leave elongated slot apertures 11 or are
. made by securing a plurality of angle irons to plate 5.

FIG. 10 is a perspective v1ew of a shlppmg container. 30, Plate or grate 6 has apertures of which are staggered

FIG. 11 depicts plural munitions encased by individ- .
ual shields of cylindrical shape,

FIG. 12 depicts plural shield sections secured to- o

gether for protectmg eqmpment from the hazards of fire
and blasts.

FIG. 13 depicis the mventlon shleld enclosmg a mii- -

tiition to be exploded and a shield stricture for protect-
ing the equipment and demolition personnel.
FIG. 14 shois a munition storage structure broken

- from those of the adjacent plate 6.

.+ FIG. 6 is a corner portion of a shield composxte de- .

plcted without perlpheral suppott members and is de-
:picted - as being exploded for ready comprehension.

+35. Here heat sink or heat dissipating screens 10 of metal are

 alternatively disposed throughout the shield composite.

1As in FIG. 8, outer plates 5 withi louvers 9 form the

Jlateral éxtent of the shield. Sandwiched therebetween
are dpertured plates 6 with apertures 8 of each plate

away to show plural munitions stored in shleld contain- 40 staggered from the adjacent one for pressure attenua-

ers,
 FIG. 15 shows a mlhtary transportatxon vehlcle hav-
mg a shielded compartment to carry munitions, explo-
sives, pyrotechmcs and propellants. :

.tion and so also, for stopping debris and- conflagratlon
from petietrating the entire shield.: :

The shield section of FIG. 5 is a yet modified version
of those already, discussed. It is des1gned for heavy

FIG. 16 is a munitions shield container having therein 45 - .conflagration and debris attenuation. As in FIGS. 6 and

plural shielded munitions ready to be transported by
sea, rail, air or road. . o

DESCRIPTION OF THE INVENTION

8, channel member 7 functions as ari outér frame mem-
_ber: To it, plates 5 and 6 are dffixed in end abutting
‘relationi at weldment 12. “Z” shaped louvers 16 are
struck from plate 5 leaving elongated apertures 11. In

Referrmg to FIG. 2, numeral 1 represents our sup- 50 this modification leftmost pldtes 5 are identically shaped

‘pressive shield composite invention. It is comprised of

metal shield sections 2 which are secured together at
joints 3 by convenlional means such as bolts, piis,
screws, plates, etc. of as by the many varieties of weld-

but.placed back to back. Spaced innermost from lou-
vered plates 5 is plate 6 with heat sink screen 10 affixed
thereto by rivets 13. Adjacent to leftrhost plate 6 is
another plate 6 with apertures staggered therefrom.

ments. Suppressive shield 1, as illustrated, has four sides 55 Farther right, and spaced from the last-mentioned plate

and a top and if necessary can be secured by bolts, pins,
screws, plates or welding to 4 permanent base, a floor or
a support structure at the lower portion of each section
2. Also our inventioh suppressive shield can include a

6 is.another plate 6 making up the outermost portion of

" the composite shield. Heat sink screen 10 is secured to

the plate by rivets. This modificatioh; When in use,
preferably should 'be oriented so that the louvered

floor structure made of sections 2, for example, if the 60 plates 5 are nearest the blast area or potential blast area

51tuat10n dictates such a need. Access to the interior of
our suppressive shield is by way of an entrance way (not
shown) which is hinged and constructed of the same
mateérials as sections 2. The entrance way can also be

" 50 that optimum results cari be had.

- Thé invention shield modification part section de- -
plcted in FIG. 9 is a typical panel and roof rail detail .
_ showing the weather proofing or moisture prevention

made ini the form of a removable section which is either 65 feature of the invention. Here shield sections 2 are se-

bolted, pinied, or screwed t6 the surrounding structure
to close an opening prov1ded in one of the sections 2.
Shield sections 2 are made in sizes and shapes to permit

cured together at channel beams 7 with either bolts,
rivets; or by weldments. Vertical shield section 2 is
made of a composite having plates 5 and 14 with louvers
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9 and 24 respectively sandwiching plate 6 with aper-
tures 8 and a thin sheet 15 of inoisture non-permeable,
non-flammable material such as “Mylar” interposed

adjacent thereto. The “Mylar” sheet 15 should prefera-_

bly be not greater than 0.007 inches thick. Other matéri-
als with suitable tear, heat and combustionable charac-
teristics will work as well. So also, metal foils of 0.001
of an inch or less have been fotind to work satisfaciorily.
Here the vertical shield section 2 with its frame 7 cin

function as & load bearing wall either internally or exter-"1

nally for a building. That is, it can replace normal stud-
ding and sheathing. Horizontally oriented shield section
2, and associated frame 7, ¢dn be an integral part of a
building as well. It can functioh s joisting within a
structure and sg also as a roof per s&. In the case of shéet
material 15 it has been found critical that it havé the tear
and rupture characteristics which will not impede the
function of the shield. That is, by withholding pressiire
and building it up the entire effect of the invention is
destroyed. Moreover, in a blast the shield would be
literally destroyed if sheet material 15 would even téin-
porarily build up back pressuré beyond shield strength.
Hence, material 15 must be readily tedarable or shesdr-

"able, or have weaken areas, or hdve openable portions

to accomplish its end of being non-premeable to the
elements but to not impede blast presstire ventinig. It is
understood that material such as that of 15 or the like
could be used in any of the inventiori modifications
without departing from the breadth of the instant inven-

tion, Though not shown, the composite also corntains at”

least one or more screen mémbérs (as depicted in FIG.
6) for heat dissipation and tonflagrationi confinement
interposed between two or more of the plates or se-
cured externally thereof. Horizontal shield sectiosi 2 is

made up of 4 compostte hke that of vertlcal shleld sec- i

5

tion 2.

The invention shield modlﬂcatlon 17 of FIG. 11 afid
shown in use in FIG. 10 and in FIG. 16 serves to isolate
blasts and fragiments between individual explosive, pro-

pellant, and pyrotechnic containing containers or muni-’

8 .
Referring to FIGS. 10 and 16, containers or muni-
tions 18 are stored and packaged for shipment in ship-

ping containers 25 and 27. They are respectively made

of plural composite shield sections 2 of desired sizes and

"shdpes which can have any of the cross-sectioned con-
figurations already discussed in FIGS. 5-9, for example.

So also, many other composite shield combinations that

~will not depart from the inventior but will act to reduce

blast overpressured heat, conflagration and confine-
ment of debris, are conceivable. The containers 25 and

" 27 can have at least one shielded section 2 with doors 26

so that containers and munitions 18, can be inserted and

* 'transported by way of shields 17. For example, they can

15

be piled and packaged therein. The numerous well-

known techriques of crating can be applied here by the:

se of a shield 17, for example, i.e., within a crating and
shield such as that of 25 and 27.
Referring to FIG. 14, with our new techniques of

packagmg for shxpment and storage as above exempli-

20

35

tions 18. Referring to FIG. 11, shield 17 is shown with
the abovementioned munition or ¢ontainer moored in

aperture 19. It is centrally held in central fibe 20 which
has baffle or pressure attenuation apertures 21. Extérnal
tube of lotsing 23 having apertures 21 is the outermost
portion of the shield. Studs, struts, or §trips 22, of either
high heat resistant plastic 6r’ relatively high melting
metal such as steel, tend to keep central tube 20 and
outer tube 23 coaxial. Elements 22 can be frictioiially
held between the tubes or held as with rivets or bolts or
by weldments. Tube 20 and 23 cai be made of metal, or
fireproof plastic. Preferably, for ecoriomy, - only one
tube of each shield need be of metal for fragmentatlon
arrestment. The length of the studs, struts or stiritps 22

for a stack up of like containers can bé determined by 5

the Department of Army, U.S. Army Material Com-
mand, Regulation 385-100 which’is’ entitled “Safety
Manual for Spacing ofi a Liné Various Rounds of Ami-
munition”. The length also car be determined by com-

putation or empirically, In operatlon, in the event of a ¢

blast of a container or muinition toored in central tube
20, both tubes 20 and 23 atténudte the blast over pres-
sure by way of their opett ends and by way of apertures
21. By the use of this modlﬁcatlon, it hds been proven in
tests that whern a blast occiits in oné& coiitainer or iuni-
tion, only it is destroyed and/or it and a few adJacent to
it are destroyed. Thus, propagatlon of reaction is attenu-
ated.

ds

50

6

fied and depicted in FIGS. 10 and 16, now shield con-
tainers 27 can be stored safely in coriventional buildings

"ot Warehouses 28 or in munition dumps. Moreover, for

additional safety, though probably not warranted, it is

within the purview of our invention to construct the
“buildiiig 28 entrrely of shield material such as that for

example deplcted in FIG. 9. It is understood, of course,
that numerous other shield cross-section composites
other than those depictéd in the drawings are perceived
to be usable. They need not include element nonperme-
ablé materlal 15 as described with reference to FIG. 9.

- Though it is in the realm of our invention fo use

weather and element prooﬁng material ‘where desired

_'and needed.

Referring to FIGS. 15 and 16, it is within the perview
of our invention to design various types of transporta-

“tion vehtcles with explosive, pyrotechnic or propellant

shiélding per se or to be equipped with shielded com-
partments Ai examplé is that of FIG. 15. The compart-

“ment 30 on vehicle bady 29 is constriicted as 4 shield.
"Heré perforaied plates 31 with fragment stopping angle

iron 32 are juxtaposed and permanently affixed to perfo-

‘rated ‘otitér arcuaté piates 33 which comprise the outer

shéll of the compartment 30. The front end 34 of the
compartment 30 of like cross-section is secured to the

“member 33 in any conventional way. Closing the rear

end of the compartment 30 is a hingeable door assembly
of like cross-section (not shown). The floor of the com-
partment 30 and so also the floor of body 29 can be
made of shield material so as to be capable of attenuat-
ing blast over pressure, confining a blast fireball and the
debris, and dissipating heat thereof.

K Referrmg to FIG. 4, our invention suppressive shield

1is being used in a manufacturing assembly line. Shield
sections 2 are affixed together and Serve the same func-
tion as that described in FIG. 2. Note it has automatic
access ddors 36 which are step by step actiiated as shell
casings 37 entet, by way of conveyor 39, They confine
the hazardous area within suppressive shield 1. Within
suppressrve shield 1 could be located a machine or plu-
rdl machines pérforming operations such as _mixing,
ﬁllmg, cappirig; or performing work on or with explo-
sives; pyrotechmcs and propellants, etc. In the instant
illiisiration the pfojectile 38 is being secured to each of
the shell ¢ casing 37 to render a completed munition. On
thé other end or exit énd of suppressive shield 1 a similar
set of exit doots 36 is provided. Thoiigh the manufactur-
ing burldmg 40 is of conventional design it is within the
perviéw of our invention to make it of one complete
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shield if conditions dictate. Its loadbearing and struc-
tural features then would take the shape of those various.
cross-sections already described. So also, plural of these
suppressive shields 1 .for manufacturing operations
could be located successively along the assembly line
within one large structural shield. Or, the entire assem-
bly line could be encompassed with a suppressive shield
with separators spaced therealong so as to prevent
propagation reaction blasts. The separators could func-
tion like the ends of suppressive shield 1 w1th hmgeab]e
doors 36 of FIG. 4, for example. :

Referring to FIGS. 3, 12 and 13,-our mvent1on also
extends to the use, demilitarization and demolition-of or

with explosives, propellants, and pyrotechnics. FIG. 3

depicts a quonset hut type sealed exterior closure 41. It
is for collection of chemical agent and must be of the
nonpermeable nature. Element 42 represents the frame
work to hold the seal in place. Within sealed enclosure
41 is our suppressive shield invention 1 of any of the
numerous aforementioned composite cross-section con-

- with one inch legs welded to a backmg plate 5

10
attenuating blast pressure to a safe level, confinihg the
fireball and fragments to the immediate vicinity of the
blast; and that of dissipating the heat of the blast. We
have found certain criticalities do exist to make the use
of our invention shielding more economical. _
The following examples are illustrative of our mven-

tion in’ application.

EXAMPLE 1
Design specifications for our invention of FIG. 6 in

. providing hazard protectior from the 81 mm shell is set
.out below. The inner layer 5 (leftmost on the drawings)

should be nearest the blast .area. It should be con-

* structed of perforated metal, expanded metal or of simi-
lar material which has a large venting area of from

25-60%: Here we have used i inch thick angle irons 9
of like

thickness. The function of this layer is to slow down but

" not necessarily stop the major fragments of a blasi. The

20

figurations or others. This shield unit 1 is used demilita-

rize or for testing chemical munitions. That is, if a muni-

tion of lethal or nonlethal nature exceeds its useful life; .

or must be tested it must be destroyed. Some cannot be
dismantled per se. Hénce, they are exploded ina con-
fined envxronment Here, the agent munition is ex-
ploded in suppression shield 1 to confine fragments and
debris of the blast, to reduce or. attenuate gas and agent
blast over pressiire, and .to control the fireball and to
reduce heat of the blast. The attenuated gas.and agerit
velocity because of the shleldmg is reduced to a nonde-
structive level and collected in hut or enclosure 41.
After the explosion, it is pumped off for disposal or
pumiped through gas purlf cation apparatus. The muini-
tion detonation means and punﬁcatlon apparatu$ are

25

second layer 6 is a perforated panel or plate 2/16 inch
thick perforated with holes 8 of approximately } to §

_in¢h in diameter on one inch centers which acts as a

secondary fragment attenuator and the first of the over
pressure attenuators. It is spaced about } to 4 inch from
plate 5. The next adjacent plate 6 is of likedimension but

* has Holes 8 offset from those of the adjacent plate 6.

This offsetting tends to further attenuate the blast over

- pressure and so also reduces the possibility of small

30

35

not shown, however, any of the well-known techmques -

will suffice. In the use, demlhtarlzatlon and demolition

fields, we have surrounded the explosive, propellant; ot . -

pyrotechmc and its structure or item to be demolished
with our suppressivé shield 43 as shown in FIG. 13
Connected to the mode of déstruction; i.e., the explo-

40

fragments-being thrust through the plurality of aper- .
ttires 8. The second plate 6 is preferably spaced from the
aforementioned plate 6-by 4 to  inch: The last plate 6 4s
we move rightward has its apertures 8 out of alignment
with those of the next adjacent plate but of the same
relative size. It can have iderntical hole locations to that
of the leftmost plate 6, for exariple: All plates ‘6are 3/16

- inchthick: Moving further to the right is another lou-
“vered plate § with its louvers 9. Located upon the blast

side or leftmost side of each plate 6 is a fireball and heat
attenuator screen 10. Each such screen is preferably
secured to plate 6 by rivets, however, clips, bolts, weld-

“ merts of localized brazing Will suffice to hold same in

sive propellant, or pyrotechnic means is detonator- .

actuator 44 which is orie of the many conventional units
of that type on the market. That i is, it can contain electri-
cal means to convey current or energy along electncal
insulated wires 45 to the mumhon whereat it by variotis
conventional actuators -or detonators and primers will
set off the mode of destruction. For the protection of
persons and property working with hazardous materials
susceptlble of creating fires and blasts, additional uses of
our shield invention besides confining the blast area are
anticipated. In this environment units 47 and 48 of
FIGS. 12 and 13 are. examples They comprise direc-
tional shxeldmg only Note in FIG 12 shield unit 48
compnses plural shield sections 2 having one side open
for ingress and egress of equipment 46. It, for example, ;
shields equipment from destruction from blasts and fire. .
So also, note shield unit 47 of FIG. 13 which is com-.
prised of plural shield sections 2 and only has shielding
features on four sides to protect equipment 44 and per-:
sonnel. The shield composxtes can be like those of any of
the designs already discussed or: deviations. there-+
from—the only crltlcahty bemg——safety of ,that for
which protectlon is sought : "
Our invention in its various forms has as 1ts objectlve,
with a good degree of predxctabxhty, that of controlling .
the hazards associated with propellants, pyrotechnics
and explosives. This is done by confining fires and by :

place: The screen in this instant is convéntional copper

~- metdl windows ‘screening. However, equivalent or

45.

other higher mielting point metals will suffice for screeri-
ing. This composite when provided Wwith a frame mem-
ber 7 as in FIG. 8, 5; or 7, completes the components.

_ Frame member 7 is a 24 inch channel iron with § inch

50

ﬂange and weighs 2.27 pounds per foot. Welding, rivet-
ing; boltmg, or bracketing the abovementioned plates 5
and 6 to it, is contemplated. Préferably; the shield plates
5 and 6 and so also the scréens are of the 4 feet by 8 feet

. dimension. so that conventionally made structural

55

¢0-

65

shapes can be used. For protection from an 81 mm shell
we designed the shield to withstand the explosion of six -
81 inm rounds simultaneously. Each sucti shell has ap-
proximately 2 and 1/6 Ibs. of explosive. Hence, in the
manufacturing of 81 m shells for the Depattment of
The Army, shield 1 could be made of sections 2 as just
described and depicted in FIG. 6 for example. So also,

.in the use, demilitarization, and demolition of 81 mm

shells, sections 2 could be of thé above construction to
make iip our suppressive shield of FIG. 2, 3, or 13. Also,
for additional personrel and equipment protection the
shields 48 and 47 of FIGS. 12 and 13 could have sec-
tions made to the specifications just described. So also,
the vehicle compartment 30 or the like of FIG. 15 when
carrying 81 mm shells could be made of a shield com- -
posite with the above recited specifications. These same
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shield specifications could be used to render sections 2
of shields 25, 26, and 27 of FIGS. 10 and 14, 16 no
matter whether they be used for transportation or stor-
age. In designs to protect against hazards of the Depart-
ment of The Army 81 mm shell it is also understood that 5
the various applications can include the use of non-
flammable weather proofing sheet material elaborated
upon in FIG. 9.

EXAMPLEII s K 10

For the Department of The Army’s 81 mm shell the
following design specifications have given beneficial
results for the use of our cylindrical shield unit inven-
tion set out in FIGS. 10; 11 and 16. Using the U.S. Arniy

Material Command, Regulation Manual 385-100; for i5

minimum spacing; it is found for this shell that the safe
spacing between shells is 6 inches on center from shell
outside diameter to shell outside diameter. It has beeni
found that 3/32 inch medivin grade steel sheeting is the
minimum nécessary protective . material
rounds. Hence, we have chosén for this shell an inner ot
central tube 20 which is 21 inches long, 3/32 inches
thick, and of an inside diameter to fit the outside diame-
ter of the shell. For venting and baffling purjposes, aper-

tures 21 should be % inch in diameter and be provided on 25

§ inch centers. Struts or stirrup 22 can be of 3/32 irich
thick metal or of equivalent columri strength non-flam-
mable—high melting point plastic’ at least 3" lorig.
Quter tube 23, also 21 inches long‘, has a radius 3 inches

larger than central tube 20. It is provided with } inch 3

apertures 21 on § irich centers. Struits or stirrup 22 cdri -
be secured in place by way of friction, adhésive; bolts,
rivets or by weldments if appropriate. Quter tube 23, in
this case i$ made of 3/32 medium grade sheet steel.

However; as long as the aforementioned minimum 35

thickness of mietal is met, either the outer tube 23 or
central tube 20 coild be of nonfrangible, non- -flanima:
ble, high meltmg pomt plastlc or metal plast1c comp051-
tion.

EXAMPLE 1iI -
Design specification for traiisportation vehicles either
made wholly or in part with our invention shield are set
out below. Because of ouf invention, i.e., fragment, -

debris and fire confinement, blast over pressure atterud- 45

tion and heat dissipation features, the following desigii
has beer tested to enable clandesting devices with 5
pounds of less of high explosive to ‘be transported
through populated areas with safety. Compartmerit 30

of F1G. 15 was provided with three parallel 3/16 inch 50

thick perforated plates spaced approximately 3/16 irich
apart to form the outer structure shell 33. Angle iroiis §-
inch thick and with 1 inch legs are spacially welded to
the innermost platé for debris and fragment confine-

ment. Front 34 and the rear not shown are of like éross: 55

sectional conrstruction, A hmgeable door of like con-*
struction (not shown) is prov1ded in the rear portion,
The floor is solid steel and over 4 inch thickness. All
metals are standard bu1ldmg structiiral metals.

Our invention shield in all its modifications exceptmg 60

that of the concentric tubé type should have the various
layers of the composite free for at least limited move-
ment. That is; the panels of the various se’ctions need not
be secured by spacers etc. uniférmly across the major

surfaces. So also, the design safety limit tised curreiitly 65

is that of the elastic limit or yield point and not that of
the plastic limit. In the design of our shield as an integral
part of the load bearing structure of a storage, manufac-

betweern 20

4

12

turing, or other type facility the outer frame members
can be used as beams and columns. The shape and size
of the entire shield structure is dependent upon use
demands. Thotigh conventionally available structural
shapes can be used to make our suppressive shield, it is
within. the perview of our invention to use higher or
lower grade steels, alloys thereof and other metals or
nonmietals which display or could be miade to display
necéssary chardcteristics. The shield may be made of
one integral piece without sections if desired. Although,
sections enable versatility of assembly, eic. they need
not be USed As aforesaid, our suppressive shleld may
comiprisé ‘plural screens per se, it may comprise plural
louvefed plates, it may comprise plufal perforated -
platés; of it may comptise 4 combination of one of more
of edch of the above. Our suppressive shield may be of
any Configuration and may be of any thickness just so
the objectives are attained. Our suppreSvae shield com-
posité may consist of pliral components secured only
on the outer edges and/cr they thay be seciired by way
of interposed spacers, stirrups, studs or wedges ran-
domly placed throughoiit the composite. The studs,
spacers or snrrups inay be frictionally held, bolted,
rivéted, welded or secured with adhesive or wedges. -
Thé shield composnte when made into sections to be
agsemmbled into 4 unit suppressive shield may have exter-
nal frame members or it may not.

~The comiposite shield ections may be assembled by

- first cutting the frame members 7 to size (see FIG. 8).

Ttién three sidés of the frame can be formed and welded
together Thén successively the various plates can be
secured to the framie as by weldmg, bolting, riveting or
bracketmg After all of the various plates including the
screéns are secured and assembled then the fourth frame
inénibef is welded, bolted, etc. to the section to com-
plete the frame. Alternatively; the frames can be pro-
vided with matchmg, internal grooves to receive the
plates, the scieéns, etc. of the composite. Hence to as-

,sembly this section three frameé members coiild be se-

curéd together at their énds td leave a blght and legs—-
then thé shield metbers such as the plates, screers, etc.

~can be slid sticcessively into the grooves, Assembly and

secitrémeiit of the last fraine member then would comi-

" plete the section assembly. Another method of assem-

blinig the shield composnte sections woiild be to succes-
sively stack’ the plates and screens with the interposition
of spacers, stirtup or studs and secure the composite
thereby. Also, the frame members could be joined to the
coimposite edges after the shield composxte components
have beéi laterally spaced.

In the case of making our tubular shxeld units of FIG.
i1 the following procedures have merit. Central tube 20
and duter tube 23 can be perforated with apertures 21
whilé in flat sheet form. Then when cut to length cen-
tral tube 20 can have stlrrups or studs 22 attached to one
of it§'surfaces. Rolling central tube around with the
attachied studs otitward on a masidrel of the size of the
muniticn it is td hold will then bring the ends of the -
stiéet into'abutment. After welding the central tube ends
together; butér tube 23 can be formed by wrapping 4
properly sized sheet around the upstanding stirrups or
stiids 22 and séchiring the ends thereat. Seciiring the
oliter tube to thé studs 22 then completes the shield.
Alternately, the tubes can be concentrically oriented
and held théreat by 'securing studs 22 thereabout. So
also, the tubés could be preshaped and one of them
provided with the stirrups so that telescoping one into
the other would rénder the completed assembly.
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In summary, our invention encompasses a complete
departure in the field of hazard control. It is to be un-
derstood that although the underlying principles of the
invention have been described with reference to simpli-
fied embodiments of various adaptions of the invention,
many modifications may be made in designing different
kinds of invention apparatus and of using our invention
without departing from the spirit thereof. For we desire
to be limited only by the scope of the appended claims.

We claim:

1. A blast suppressive shield comprising a multi-plate
metal or metal-like composite which includes in combi-
nation:

a first apertured plate in the form of a louvered plate
suitable for slowing or confining blast debris and
fragments;

a second apertured plate in the form of a perforated
plate defining a plurality of gas flow apertures
suitable for attenuating blast overpressure; and

means for mounting said first and second apertured
plates in spaced apart and substantially fixed posi-
tion relative to each other.

2. The blasi suppressive shield according to claim 1,
wherein said first aperture plate has a ventmg area of
from 25% 60%.

3. The bldst suppressive shié'ld according to claim 2,
comprising an additional section apertured plate for
attenuating blast overpressure and having said gas flow

—

0

—
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30

apertures disposed in staggered relationship with re- -

spect to the gas flow apertures in the other second aper-
tured plate.

4. The blast suppressive shield according to claim 3,
wherein the apertures in each second apertured plate
for attenuating blast overpressure define round holes of
about 1 to § inch in diameter on about one inch ceiters.

5. The blast suppressive shield according to claim 4,
wherein said apertured plates dré spaced about i to i
inch from each other.

6. The blast suppresswe shield according to claim 2,

35

40

or 1; wherein at least one metal screen for attenuating
heat and fire is affixed to at Ieast one of said apertured -

plates.

7. The blast suppressive shield according to claim 2, 3
or 1, wherein said mounting means is an outer frame {o
which said first and second apertured plates are periph-
erally secured.

8. The blast suppressive shield as defined in claim 1,
wherein said first apertured plate is adapted to be dis-

45
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posed between said second apertured plate and the blast

source.

9. The blast suppressive shield as defined in claims 2,
3 or 1 wherein said first apertured plate comprises paral-
lel louvers.

10. The blast suppressive shield as-defined in claim 9,
wherein said louvers are V-shaped or Z-shaped in trans-
verse cross-section. '

11. A blast suppressive shield comprising a multi-
plate metal or metal-like composite which includes:

a louvered plate having parallel louvers and arranged
to be disposed nearest the blast source for slowmg
or confining major blast fragments;

_ a perforate plate positioned rearwardly of said lou-
vered plate and defining a plurality of gas flow
apertures; and

means for spacing said louvered and perforate plates
apart in substantially fixed position relative to each

. other.

12. The blast suppressive shield according to claim v
i1, wherein the louvers are V-shaped or Z-shaped in.

transverse cross-section.

13. The blast suppressive shield as defined in claim 11,
wherein said louvered plate has a venting area of from
25 to 60 percent.

14, The blast suppressive shield as defined in claim 11

ot 13, including a plurality of perforate plates for atten-

vating blast overpressure

15. A blast suppressive shield comprising a multilayer
composite of spaced metal or metal-like plates each
having gas passages, which comprises at least one lou-
vered plate as a main debris confining means and at least

one perforated plate as an overpressure attenuation

means.

16. The shield of claim 15, wherein said attenuation
means comprises plural spaced perforated plates with
gas passages out of alignment with those of an adjacent
plate.

17. A blast suppressive shield comprising a multilayer
composite of spaced metal or metal-like plates each
having gas passages, which comprises at least one lou-
vefed plate as a main debris confining means, at least
one perforated plate as an overpressure attenuation

-means and at least.one screen as a fire confining and
heat dissipating means affixed to one or more of said
. plates.

18. The shield of claim 17, wherein said attenuation

means comprises plural spaced perforated plates with _‘

gas passages out of ahgnment with those of an adjacent
plate.

* ok ok k%
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