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1

“The:present invention is:concerred with-a. new
‘and :improved method ‘of ‘explosively impressing
markings in"lowrelief into-a metal plate whereby
dmpressed: metal-plates suitable for such:purposes
s embossing or printing:sheet materials may:be
‘obtdained. The'invention furtherrelates to a mew
Torm ‘of -explosive -charge suitable for impressing
nlow relief-on-a metal-plate markings simulating
‘those ‘provided by ‘the -boundaries hetween sur-
-fages of ‘differing relief in-a ‘teémplate ‘interposed
Between it ‘andthesmetal plate.

It s :an -objéct :of :Ehe invention 4o ‘provide -a
‘practicable ‘method for the production of metal
‘plates -of at -least -severd] square inches in ares
impressed ‘with designs-or ‘other markings in low
‘relief “suitable Tor embossing, prititing or-the like
in a more expeditious-manner:than by the usual
‘methods. It is also an object<of‘the invention to
‘provide ‘& new or improved form -of ‘explosive
“charge ‘having -a ‘plane - end -of ‘substantial -area
“characterised-in that when its detonation is ini-
“tiated from its opposite end the-detonation ‘wave
‘front-at said plane end is substantially free from
curvature. - :
 “Other objects ‘of ‘the “invention Will -appear
hereinafter. - : : g
~ "Tt’has'long - been known-that by placing -a coin
‘on-a metal plate ‘angd initidting ‘detonstion of-an
explosive  charge ‘superposed ‘on “the -coin, ‘the
‘design on -the Tace -of the -coin ‘presented to ‘the
‘metal plate can be more or less faithfully Trepro-
‘duced ‘on- the plate-in reverse; that-is‘to-say the
‘hollow portions of the -design on the -coini will
‘appear gs raised-portions in-the ‘plate, and the
‘rélief "portions of the design on the -coin will ‘be
indented "in ‘the ‘plate. “On ‘the other hand the
‘Shape and ‘markings of a leaf, a piece -of Tace,
‘orlike “flat object of -snmall area made of - soft
_destructible material 1aid on a metal plate have
‘been ‘shown marked ‘on a metal plate in positive
‘image by detonating a plane-ended explosive
cartridge superposed on ‘the object. Hitherto
‘however the .so .impressed plates ‘have been
‘regarded -merely as scientific curiosities and 1o
‘industrial application has been made of the possi-
bilities of impressing metal plates with designs
by means. of .explosives.

“When o comparatively short eylinder or other
plane ended columnar body of ‘detonating explo-
‘sive having an axis perpendicular to its ends-and
the same cross section throughout its axisl length

. has its-defonation ‘initiated from s point at one
~end.of its.axis, the detonation wave front advanc-
ing through the column is.convex. Owing to this
-gonvexity.of the.detonation wave. front, no design
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dmpressed by means.of anexplosive.column, whosé
‘detonation is initiated by-a detonator.at its remote
end, on a:metalplatefrom an interposed template
of:stencil cut with a-design in-low .relief.can .be
satisfactorily simulated, -except in -a -small :area
dimmediately -around -the :axis of :the column; .so
‘that unless the cross: sectional -area:ofthe:explo-
sive column. and -the design as-a whole is.small
the rendering -of the :design beeomes -more -and
anore ‘noticeably :indistinet as “the ;periphery -of
the :dise is approached, with:the results that.the
dimpressed metal plate obtained-is: of ino;practical
value. :

This imperfection :of .impression -presents a
‘problem :to ‘which ra practical -solution s .not

‘easily found. /Thus:multiple initiation by means

'of ‘detonators spaced at :intervals over-the area
-0f ‘the -remote rend -of the:explosive column -does
‘not “usually effect ifhe :désired -result, -since the
résulting design-on the metal:plate may-be-marred
by bleinishes ;repres'enting :the . lines where ‘the

-eonvex. detonation ‘wave :fro1it surfaees intersect,

swhile the :replacement:of ‘g portion .of the length
-0f ‘thé eolumn of:explosive by a disc-of an explo-

:§ive 6f ‘higher. .vélocity iof .détonation -than ‘that

“of therest 6f tHe.column only-iricreases the radius
‘of the ared :of reasonably clear definition -of the
desigi-from say-about.1 inch toabout:lls inches.
#An-ekplosive Charge icapable 'of ;siving a:plane
‘detonation ‘wave front according to the invertion
comprises :a; core of:a:detonating:explosive:charge
-of -conical form the surface ‘continuity of iwhose

-plane-base-is ukintérrupted by any recess orpro-

Jection,-said éoniedl form being,-if :destred, truni-
“cated by -ene -or ‘more surfaces :passing ‘perpen-
‘dicularly -through ‘its *base, afid iin ‘detongtion
inducing relationstip ‘with said-ekplosive charge,
‘a covering of :a thickhéss of -an ‘explosive of ia
higher velocity of detonation extending iover:the
‘whole -of ‘its-cotiical -curved 'surtace, the:detona-
tion initiating ‘eans béing gt the apex; fie sine
‘of -the ‘baise angle of ‘the ‘cone being equalte’ the
-quotient-of the-velocity ef-detonationof ‘the-explo-
sive of relatively lower -vélocity -divided ‘by-‘fhat
of ‘the" explosive of relatively higher -véloeity-
"The ‘detonation wave front transmitted o and
‘beyond the base -6f ‘such ‘an explosive-¢harge is
a plane ‘parallel ‘tosaid ‘base. The longer time
‘than would be otherwise required for an-impulse
‘o "be transmitted “from ‘the ‘apicdl region Wholly
or_partly along ‘the sloping length -of thé thick-
ness of explosive of Higher velocity ot détorration
covering ‘the ‘core explosive than directly along

the "axis ‘of the cone is compensated for by the
‘reduced thickness.of theexplosive of Tower veloc-



ity of detonation through which the impulse must
be transmitted before it can reach the base, 50
that at every point of the base of the cone,
whether or not this is truncated as aforesaid,
there arrives an impulse at the same instant of
time,

In the method of explosively impressing low
relief markings in a metal plate according to the
present invention, the apically disposed initi-
ating means detonates the composite explosive
charge with a resultant plane detonation wave
front. Between the base of the explosive charge
and the metal plate there is-interposed a sheet
of destructible compressible material having
predetermined local variations in its thickness
or in the nature of the material composing it.
The aforesaid destructible compressible ma-
terial causes absorption of the energy of deto-
nation directed through it in correspondingly
differing degrees at the respective parts of its
area. If desired, further cushioning sheet ma-
terial of uniform absorption capacity over its
area may be employed to absorb the energy to
an additional degree. The higher energy ab-
sorbing portions of the sheet of destructible com-~
pressible material cause the metal plate portions
beneath them to be subjected to less energy
of detonation than those portions of the metal
plate underlying the lesser energy absorbing

portions of the destructible sheet material. AS g

o result of this, as is explained more fully here-
inafter, various designs may be impressed in the
metal surfaces.

The aforesaid composite explosive charge

preferably “includes also as an element inter- 3

posed between said first mentioned element and
the sheet of destructible compressible material
a parallel plane-ended column of uniform
cross section, having its columnar axis perpen-
dicular to its plane ends, of an explosive com-~
position whose detonation is initiated from one
of its plane ends through the base of said first
mentioned element, whereof the core explosive
has a velocity of: detonation not exceeding and
preferably lower than that of the explosive of
said . parallel plane-ended column. By the
method of the present invention designs extend-
ing over areas ranging up to some ‘hundreds of
square inches may be -satisfactorily ‘impressed.

The invention: will be further understood by
reference to the diagrammatic drawings accom-
panying the provisional specification, whereof
Figure 1 is a verbical axial section and Figure 2
.is a top plan view of an assembly for executing
a design on a metal plate according to one form
of the invention, Figure 3 is a plan view of a
sheet of destructible compressible material bear-
ing an ornamental design forming part of the
aforesaid assembly, Figure 4 is a plan view of
_the metal plate having the ornamental design
in.low relief obtained as a result of the deto-
nation, Figure 5 is a vertical axial section of a
modification of Figure 1, and Figure 6 is a top
“plan view of the modification of Figure 5.

In Figure 1, 10 is a steel anvil, 9 is & sheet of
‘cushioning material such as cardboard, 8 is a
brass plate, 6 is the smooth cardboard base and
3 the cardboard wall of a container. I, seen also
in Figure 3, is a sheet of hard cardboard cut in
stencil with the ornamental design shown in
Figure 3. 4! and 4 are thin partitions of stiff
paper or the like, 52 is a cylindrical charge of

. an explosive of a velocity of detonation about
"3600, metres. per second and 5! is a conical charge
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fdf an explosive. of velocity of detonation about .

2300 meties per second capable of inducing the
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detonation of the explosive 52 when it is itself
detonated by a charge 5 of a velocity of deto-
nation abotu 5800 metres per second constituing
a layer of uniform thickness covering the coni=
cal charge and capable of: detonating the latter
through the intervening thin sheet 4. The base
angle of the cone is 23°22’. flisa tetryl primer
and (2 is an electric detonator.

When the electric detonator (2 is fired the
primer (i is detonated and the latter radially
initiates the detonation of the explosive charge
5, which in turn initiates the detonation of the
explosive charge 5! across the intervening sheet
41, The thickness of the explosive 51 of lower
velocity of detonation than that of explosive 5
that has to be traversed before the detonation
impulse meets the explosive 52 is greatest verti-
cally below the apex of the cone, and the angle
of the cone is such that the detonation impulse
that has travelled down the outer layer ex-
plosive of higher velocity 5 arrives at the cir-
cumference of its base at precisely the same in-
stant as that travelling axially arrives at the
center of its base. At this instant a detonation
impulse arrives at every point at the interface
between the explosive 5! and 5%, so that the deto-
nation wave front at this interface is not con-
vex but plane. Hence the detonation induced
in the ecylindrical explosive charge 52 travels
through it with a plane wave front and every-
where on the sheet { the. detonation impinges
normal to its surface. The upstanding parts of
the design on the sheet | however, absorb more
of the energy of the detonation than the blank
portions, so that the metal plate 8 is more deeply
impressed beneath the blank portions than be-
neath the upstanding portions. The base 6 of
the container absorbs some of the detonation
energy before it reaches the sheet {. The cush-
ioning sheet 8 helps to prevent the plate 8 from
being bent or broken. It is a remarkable fact,
however, that the design rendered on the plate
8 is as a whole somewhat larger than that on
the said sheet [, as is shown in Figures 3 and 4.
The design is distinetly rendered on the plate
over the whole area of the design. o

The greater the difference between the veloci-
ties of detonation of the core explosive and of
the outer explosive in the conical portion of the
charge, the flatter may be the shape of the
cone and hence the less the amount of explosive
material required to produce a plane detonation
wave front. It may therefore be preferable to
employ as the core explosive one that would
have a substantially lower velocity of detonation
than is usually desirable for impressing " the
markings effectively on a metal plate—so long
as it is capable of initiating the detonation of
the parallel plane-ended columm of the explo-
sive of velocity of detonation suitable for im-
pressing the markings. Thus the core explosive
in the conical portion of the charge may ad-
vantageously have a velocity of ~detonation
for instance of about 2,000-2500 metres ' per
second and that of the explosive of the parallel
plane-ended column may range up to about
3300-3800 metres per second or more depending
on the depth of impression required, and the
nature of the material of the metal plate and
the extent to which the explosive ‘charge is
cushioned. ) . ) B ’

The velocity of detonation of the. explosive
on the conically curved surface should theo-

‘retically be as high as possible but economical

and practical consideration will seldom' permit
the use of an explosive having a velocity of deto~
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nation-in ‘excess ‘of -About 6:000° fetres per sec-
ond. While the use of the conical portion-glone
_ will’produce -a-plane “detonation wave front, it

does ‘not-necessarily ‘follow “that “the - depth of

-the impressions-all-over-the surface: worked upon

will be identical, since the two explosives pres-
ent inthe -conicsl -portion-may differ markedly
in-power “or -dénsity -sothat’the-energy “trans-
mitted ‘from ~the “base -of -this ‘eonical -structure
‘will ‘not-in;generdlbethé same’ ‘in-amount-at-gll
parts of :its -surface. ‘This ‘differential -effect,
however,*is minimised-when ‘the: conical portion
Is~somewhat -truncated by ‘one-or ‘more’ surfaces
normsl to ‘its “base, ‘and -also ‘when this “portion
is-employed-as the* mltxa.tmg ‘means in-eonjunec-
tion ~with -a parallel -plane-ended. - ~cylindrical
column of explosive “in -the “aforesaid ‘manner,
especially-when the- explosive used for-the core-of
the comical'portionis-of a* substantlally Jower «ve-
locity of detonation-than that-of-the: explesive’in
said column and “the:velocity -of- detonation -of
the -explosive -on-the-conically curved surface is
substantially higher than that of the explosive
in said parallel plane-ended columi.

Tn' -the ‘case ~where -a -circular -area 'is to ‘be
worked upon, the periphery of :the:base of the
cone may :be-complete :although it is-usually de~
sirahle.that the form of the charge, or portion of
the charge should be truncated so that.at least
that portion of the cone ‘lying outside . the
truncated surface perpendicular to the base -of
the -complete cone and intersecting it .at the
* junction .between the two ‘explosives compris-
ing the coné should be omitted, and it is ‘some-
times preferable -that “the <truncation should be
such-:as-to omit an annular-portion of the -com-
plete cone :lying outside a cyhndrlcal -surface
perpendicular to and intersecting the base some-~
what nearer-the axis-of ‘the ‘cone. In the case
where:a non-circular-area’is -tohe worked. upon,
it will in general be :advisable zthat the -trunca-
tion of the cone should be such as to omit those
portions of the complete cone that lie outside
the surface or surfaces perpendicular to the
base of the complete cone and intersecting it
at the outline of the working area, the area of
the base of the complete cone being large enough
to circumscribe or even extend everywhere be-
yond the outline of the working area. This
enables the base of this portion of the explosive
to be superimposed on the plane end of a
column of explosive of the required shape with-
out overhanging it. Such truncations are with-
out any adverse effect on the plane detonation
wave front characteristics of the charge., An
example of a composite explosive charge suit-
able for working on a non-circular area in ac-
cordance with this invention is shown in Figures
5 and 6, where like numerals as those used in
Figures 1 .and 2 represent like parts. The com-
posite explosive charge of Figures 5 and 6 for
working on a square area is formed by trun-
cating the cone-shaped explosive charge 5, so
as to form four equal length surfaces 13 at right
angles to each other and normal to the base of
the conical explosive charge 51.

The portion of the explosive charge in the
form of the plane ended column may for in-
stance consist of an 80:20 mixture by weight of
trinitrotoluene and sodium chloride milled to a
fine grist.

The explosive constituting the core of the
coned portion may advantageously have a veloc-
ity of detonation not exceeding about 2300
metres per second and the explosive constitu-
ting the outer thickness a velocity of detonation
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6
considerably ‘higher, -e. :g. 5000 métres pér sec+
ond. ' “The -core -explosive may. consist -for in-.
stance of “Denaby ‘Powder” -which .consists .of a
mixture éomprising 12% "PNT, 59% ammonium:
nitrate, 6% sodium nitrate, 20% -sodium :chlo-
ride, and ‘3% -cellulosic materidl -and ‘the -outer
thickness -explosive ‘may -eonsist for ‘instance .of
cyclotrimethylene trinitramine. - The ‘initiating
means at the-apex-of the cone may be a primer
adapted ‘to -receive 2 detondtor, and may beiin-
cluded as «a “permanent -part -of -the -¢harge, :ar
supplied separately "like the -detonator :itsélf, to
be -assemibled -with ‘the 'rest -of -the ¢harge when

it is to be-exploded. -
Tt -will ‘be understood ‘that ‘in - ma,king up the

-explosive -charge a ‘casing -suitably compazt-

mented ‘bymeans-of structures-of ‘lisht materisl
is -desirgbly employed, ‘and -that -the base of ‘the
casing will serve-as:cushioning material:between
the -explosive and the sheet-of destructible. .com-
pressible -material -which -may, ‘if :desired, “have
the low :relief markings penetrdating through the
whole .of ‘its thickness:in:the fashion :of a stencil
or through -only :a :part wof sits :thickness. ‘" The
sharpness «of 'the :markings on -the metal plate
may be modified as «dssired by :interposing :fur-
ther cushioning :materigl-preferably helow. the
sheet of destructible compressible material.. The
sheet of:destructible compressible -material :and
further-cushioning materigl:should -be of:a-char-
acter :such :that :they -will :nnot -became perma-
nently attached. to the metal -plate .after .the
detonation.. ‘Wood, :paper,-cardboard or.the like
may be -used. ;A .sheet :of .cushioning material
may :also :be iinterposed -hetween the -metal -plate
and ithe -anvil - -supporting .it. :

I:claim:

1. A -compasite explesnre «charge :capable :of
producmg a ;plane -detonation -wave ;front..com-
prising -a right .angle cone-shapgd £xplosive
charge -arranged :for -detonation by :a thickness
of a priming charge of higher velocity of deto-
nation extending over the whole of said coni-
cally curved surface, the apex of said thickness
of charge of higher velocity of detonation being
adapted for receiving detonation initiating
means, and the sine of the base angle of the
right angled cone-shaped explosive charge be-
ing equal to the quotient of the velocity of deto-~
nation of the charge of relatively lower velocity
divided by the velocity of detonation of the
charge of relatively higher velocity.

2. A composite explosive charge capable of
producing a plane detonation wave front as set
forth in claim 1 wherein the base surface of
said cone-shaped explosive charge is arranged
for initiating detonation of one end of an ex-
plosive composition in the form of a plane-
ended column of uniform cross section having
its columnar axis perpendicular to its plane
ends, the velocity of detonation of said conical
detonating charge being not greater than that
of the velocity of said explosive of said plane-
ended column.

3. A composite explosive charge capable of
producing a plane detonation wave front as set
forth in claim 1 wherein said composite charge
is truncated by at least one surface normal to
the base of the cone-shaped explosive charge.

4. A composite explosive charge capable of
producing a plane detonation wave front com-
prising a right angle cone-shaped explosive
charge arranged for detonation by a thickness
of a priming charge of higher velocity of deto-
nation extending over the whole of said coni-
cally curved surface and further arranged for
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detonating through its base surface one end-of;
a -plane-ended column of uniform. cross section
having its- columnar axis perpendicular to its
plane ends, the velocity of detonation of said

concial detonating charge being not greater than.

that of the velocity of said explosive of said
column, and the sine of the base angle of said
right angle cone-shaped explosive charge heing
equal to the quotient of the velocity of deto-
nation of the charge of the right angle cone-
shaped- explosive divided by the velocity of: deto-
nation of the priming charge and. having the
apex of said thickness of said priming charge
adapted for detonating initiating means. :

5. A composite explosive charge capable of
producing a plane detonation wave front as set
forth in claim 4 wherein said composite ex-
plosive charge is-truncated by at least one sur-
face normal to the base of the.cone. :

6. A method of impressing low relief mark-
ings into a metal plate which comprises inter-
posing a sheet -of: destructible compressible ma-
terial having predetermined local variations of
the kind to eause corresponding differences in
energy absorption of a. detonation directed
through it between the metal plate to be im-
pressed and a composite explosive charge, said
composite explosive charge comprising a right
angle - cone~-shaped - charge arranged. for deto-
nation by a thickness of a priming charge of
higher velocity of detonation extending-over the
whole of said conically ¢urved surface, the sine
of the base angle of said cone being equal to the
quotient of the velocity of detonation of the
charge of relatively lower velocity divided by the
velocity of detonation of the charge. of relatively
higher velocity and having the apex:of -said
*“thickness of charge of higher velocity of deto-
nation provided with detonation initiating means,
positioning the said explosive charge so that the
said initiating means ‘is furthermost removed
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from said metal plate; and detonating said indti«
ating means.. . - . ' ; L

7. A method as set forth in claim 6 whereifi
said composite explosive charge is truncated by
at least one surface normal to the base of the
cone. : : -
8. A method as set forth in claim.6 wherein the
composite explosive charge includes as a por=-
tion thereof nearest to the sheet of destructible
compressible material a- plane-ended. explosive
column of uniform cross section having its
columnar axis perpendicular -to its plane ends
and one end thereof arranged for detonation by
the base of said cone-shaped explosive, charge,
the velocity of detonation of said cone-shaped
explosive charge being not more than that of
the explosive of said column. ,

9. A method as set forth in' claim 6 wherein
cushioning sheet material is interposed between
the composite explosive charge and the sheet of
destructible compressible material. . ’
JOHN HENRY COOK.
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