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T'o all whom it may concern :

Be it known that I, BENJAMW C. TiLgH-
MAN, of Philadelphia, Pennsylvania, have in-
vented an Improvement in Cutting, Grinding,
and Engraving Stone, Metal, Glass, and other
hard substauces; and I do Lereby declare that
the following is a full and exact description
thereof, reference being frad to the accom pauy-
ing drawing,

My inveution consists in cutting, boring,
grinding, dressing, pulverizing, and engrav-
ing stone, metal, glass, wood, and other bard
or solid substances, by means of a stream of
sand or grains of quartz, or of other suitabie
material, artificially driven ag projeetiles rap-
idly against them by any soitable method of
propualsion,

The means of propelling the sand which I
preter is by a rapid jet or carrent of steam,
-air, water, or other saitable gaseous or liquid
wmedinm; but any direct propelling force may
be used, as, for example, the blows of the blades
of a rapidly-revolving fan, or the centrifugal
force ot a revolviug drum or tube, or any other
suitable machine. '

The greater the pressure of the jet the hi gher
will be the velocity imparted to the grains of
sand, and the more rapid and powerful their
cufting effect upon the solid substance.

At a high velocity of impact the grains of
sand will cut or wear away substances mueh
barder than themselves. Corundum can thas
be cut with quart:-sand, and quartz-rock can
be cut or worn away by sinall grains or shot
of lead.

I have sometimes used iron-sand composed
of small globules of cast-iron.

By the térin sand in this.speeification I mean
small grains or particles of any hard substance
of any degree of fineness, of which common
quartz-sand is a type.

The hardest steel; chilled cast-iron, or otlier |
metal, can be cut or ground by a rapidly-pro- |

Jjected stream of quartz-sand. Articles of cast
or wrought metal inay have their surfaces thus
sinoothed and cleaned from slag, scale, or other
inerustation. The surfaces of wrought stone
in buildings or elsewhere can thus be cleaned
and refreshed. By means of stencil-plates,
screens, or suitable covering substances, let-

ters or designs can thus be cut or engraved
upon hard substances.

By varying the shape, number, and direc-
tion of the projected streams of sand, and by
giving to them and to the articles treated suit-
able movements, by means of lathes, planing
or drilling machiues, or other known mechan-
ical devices, cuts or holes may be made of an ¥y
shape or size,

When sand of a brittle nature, such as
quartz or emery, is very rapidly projectéd
against a hard material, the grains are broken
by the shock into fine powder, and the pro-
cess inay thus be used as a method of pulver-
ization,

Where a jet of water under heavy pressure
is used, as in hydraulic mining, the addition
of sand will cause it to cut away hard and
close-grained substances upon which the wa-
ter alone would lhave little or no effect.

Pebbles or stones of size and weight as
great as can be rapidly projected by the jet
of water used will Lhavé a battering, pénetrat-
ing, and disloeating effect, which will assist
the disintegrating and scouring action of the
water,

Heretofore when sand has been nsed as a
grimding or cutting material it has heen an-
plied Letween solid substances moved over
eachother under heavy pressure,so as to make
a series of scratches, as in the ordinary cut-
ting of stone and glass, or else in a solidified
form, as in a grindstone or sand-paper, or
sometimes in a semi-luid state, as when a
body is rubbed or moved in a mass of sand.

The peculiar feature of my invention, which-
distinguishes it from other methods of cutting
and grinding, is that each grain of sand acts
by its own velocity and womentun like a bul-
let or projectile, and pulverizes, cuts, or in-
dents the object it strikes,

From this peculiarity of ‘action it results
that some substances, which, though compar-
atively soft, are also tough or malleable or
elastic, and not pulverizable by a blew, such
as copper, lead, paper, wood, or caoutchouc, for
exainple, are less rapidly cut and ground by
the sand-blast, particularly at moderate ve-
locities, than some much harder substances
| which are brittle or pulverizable, such as




stone, glass, or porcelain. Another peeuliari-
ty of the sand-blast is that the grinding or
cutting actionu takes place apon irregunlar sur-
faces, cavities, corners, and recesses hardly
accessible to ordinary methods.

I believe that steamn will generally be found
the inost convenient impeiling-jet, particutarly
for high velocities, but in some localities air
or water may be cheaper.

I have used steam of all pressures, soine-
times exceeding four hundred pounds per
square inch, and have found its efficiency to
increase rapidly with the pressure.

I believe that when it is desired to cut or
grind hard snbstances rapidly it will be ad-
vantageous to use steam of as high pressure
as can practically be made available; buteach
operator can choose the pressure most conven-
ient for his circumstances, and the kind of
work he wishes to do.

The following is a method of carrying my
invention into effect, taking for examnple the
cutting of stone by means of quartz-sand pro-
jected by a jet of steam of about three hun-
dred pounds pressure per square inch: The
sand i3 fed into a funnel, a, which is connected
by a flexible tube and turning-joint, b, with
an iron or steel tube, ¢ ¢, of any convenient
length, and aboutseventeen one-hundredths of
an inch bore, which I call the sand-tube. This
tube is firinly secured exactly in the center of
another iron or steel tube, d d, of about one-
half inch bore, wbich I call the steam-tube.
The interval between the tubes iselosed at one
end, e. At their other euds both tubes are
brought to the same length, but the bore of
the outer tube d is here contracted to a diam-
eterof twenty-six one-lundredths of aninch for
about one-gnarter of*an inch from its end,

and about half an inch of the end of the inner |

tube ¢ isreduced to acylinder of twenty-three
one-hundredths of anineh external diameter, so
as to leave betwecn the ends of the tubes a
smooth, regular, annularopening, mm, of about
fifteen one-thousandths of an ineh in width,
continuing of this size for about a quarter of
an inch in length, and then enlarging grad-
ually to the full diameter of the steam-tube.
This annular opening m m forms the passage
for the escape of the steam. The steam-tube
d is coimected with the steam-boiler- by the
holes f f, the T-piece ¢, the stuffing-boxes &

I hy and the jointed pipes o o o, s0 as to allow”

it to be rotated and moved in any direction.
An iron or steel tube, ¢ i, whieh I call the noz.
zle-tube, about thirty-eight one-hundredths of
an inchinbore, and six'inclies long,is fastened
on the end of the steam-tube. The end of the
sapd-tube ¢ is accurately adjusted and firmly
fastened exactly in the ceuter of the steamn-
tube d, so that the annular opecing is every-
where of the same width, and the nozzie-tube
is adjusted so that its azis or central live coin-
cides perfectly with theaxis of the steam-jet is-
suing from the annular opening. The perfect
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accuracy of these adjustments is important.
The bore of the nozzle-tube is adjusted Ly
trial to the size pud pressure of the steam-jet,
20 as to produce the amount of suction de-
sired in the sand-tube.

For the sake of brevity the stream of sand
impelled Ly the jet pf steam, air, &e., will
herein be ealled ¢ the sand-blast,” and the sys-
tem of tubes for producing it will be called
“the blast-pipe.”

The sand used should be sifted of even size,
and should be elean, hard, sharp, and dry, so
as to run regularly through a small hole with-
out clogging.

I have found sand which will pass through
a sieve of forty wires per inch, and not through
one of forty-eight wires, to cut,faster than
sand which will pass through a sieve of twen.
ty wires, and not through one of thirty wires,
to an inch.

The steam should be dry and free from con-
densed water. When used at a distance from
the boiler a steani separator or purger should
be used (such as is well known to engineers)
aud the pipes kept well wrapped.

The operation is as follows: The steam is
turned on and issues with great velocity fromn
the annular opening m m. This creates a suc-
tion and current of air in the sand-tube ¢ ¢.
A sliding valve in the bottom of the sand-box
is now opened and lets a stream of sand, of
from one to two pints per minute, fall into the
funvel a, whence it is carried, by the carrent
of air, through the sand-tube, and is sucked
into the jetof steam and driven by it through
the nozzle-tube, acquiring a high velocity, and
finally strikes against the stone to be cut,
which is held about an inch distant from the
end of the nozzle.

The shattered fragments of the sanu and
stone, partly in very fine powder, and the
waste-steam, escape sidewise and ‘backward,
A dull red light may be seen at the point of
impact of the sand and stoue. If the sand-
blast is kept directed steadily at the same
spot, a hole will gradually be cut, the diame-
ter of which at ihe surface is greater than
that of the steam-jet, but which grows smaller
a}rd becomes conical as it penetrates deeply

.ipto the stone.

/ I have observed that this tendency to form
/a conical hole increases with the hardunessof the
substance operated on, and that it diminishes
as the pressure and velocity of the blast is in-
creased. To make a hole or cut with parallel
sides I have found that the blast should be
slightly inclined toward each side alternately.
Theangle of inclination will vary with the hard-
ness of the slone and the pressure of the jet
used. 1n cutting grapite, with a steam-jet of
| about three hundred pounds pressure per
- square inch, I have found an inclination of
{ about one in nine to make a parailel cut, Op-
| erating on rather soft-burnt brick with the same
jet, withoutinclination, the sides of the cut were
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almost parallel. Sufficient space must always
be allowed for the (seape of the current of
waste steam and sand, and, consequently,
when a deep hole is to be eat, its diameter
must be great enough to admit this escape
round the blast-pipe when it is advanced to
near the bottom of the hole.

In cutting holes I have found it convenient
to use a blast-pipe, bent at a point about two
inches back of the annular jet to an angle of
about one in nine, and to use a nozzle-tube
only about two inches long.

The blast-pipe being rotated and directed
successively to all parts, a hole of any shape
can be cut with parallel sides, or the sides
may be undercut, so that the hole will be of
greater diameter at the bottom than at the
top. Chambers for blasting-powder may thus
b= made,

In eutting long narrow grooves I have
found it convenient to arrange parallel guide-
plates, of iron or steel, » #, about one and a
half inches wide and projecting about three
inches from the end of the nozzle-tube, leav-
ing between the plates a space about equal to
the bore of the nozzle-tube. The effect of
these plates is to prevent the sand-blast from
diverging, and to make the edges and surface

the groove more even and regular,

In dressing stone so as to produce a fiat

urface, I bave found it convenient to cut first
/& narrow groove about half an inck deep; and
then to break or split off the overhanging edge,
and then continne or deepen the groove and
break off the new overhanging edge, and so
on.

When the stone varies in hardness in differ-
ent spots, the workman must keep the blast
directed upou the bard spots until be sees
that they are worn down to the desired level,
and must pass it quickly over soft spots as
soon as he sees they ure sufficiently cut.

As most kinds of stone contain frequent

alternatious of hard and soft spots, constant
care aud attention must be given by the op-
erator to obtain an even surface.

A shect-iron guard or shield is arranged to-

protect the face and eyes of the workman from
the rebounding sand, and a narrow slit in it
enables him to watch and regulate the progress
of the operation.

Suitable movements are to be given to the
blast-pipe or to the stone, or to both, by hand
or by any suitable machinery, so. as to pro-
duce the shape of cnt desired.

If the axis of the nozzlestube and guide-
plates does not coincide avcurately with that
of the steam-jet, they will be rapidly cut
away by the sand-blast. If any obstraction
from dirt -or scale chokes up oue side of the
annular opening of the steam-jet, the sand-

blast will be distorsed sidewise and will rap-

idly cut-away the nozéle-tube. ‘
I have found the abeve-Gespribed method of
introducing the.sand into the impeiling-jet by

means of the suction - produced by the jet it-
self’ to give good results, but it is to be under-
stood that I do not confine myself thereto.

1 am aware that part of the pressure of the
Jjet is thereby lost; but I think the practical
convenience counterbalances this loss.

I bave sometimes used a strong close vessel
to contain the sand, and introduced a current
of the steam, air, or water under pressure,
above the sand, and then by suitably regulat-
ing the cock on the pipe leading to the top of
the close vessel, and the cock on the pipe
leading to the impelling-jet, a current of the
fluid can be made to pass through the elose
vessel and carry with it any desired quantity
of sand into the impelling-jet.

When the steam is used in this manoer the
close vessel must be kept hot enough to avoid
the condensation of water among the sand,
which would prevent its ranning through the
pipes. A current of air forced into the close
sand-box, at a pressure greater than that of
the steam employed, may also be used as a
means of conveying the sand into the impel-
ling steam-jet.

1 have observed that the quantity of stone
cut by a given sand-blast in a given timeis
much greater when ample space for free escape
is afforded to the sand and steam after they
have struck the stone thun when the space
for escape is narrow and confived.

When a rapid lateral motion is given to the
blast-pipe or to the stone, so that the sand is
constantly striking upon a fresh surface, a
mueh greater cutting effect is produced than
when the blast is kept pointed at one spot.

In the latter case, it appears that the sand
and steam rebounding back from the stone
interfere considerably with the fresh sand
which is being projected toward the stone.
This interfering effeet is particularly evident
when a hole is cut bat little larger than the
diameter of the sand-blast.

I bave noticed that when a sand-blast is
held at four or five inches distance fromn a
stoue, a greater quantity will be cat than when
the same sand-blast is held at bat one inch
distunece. Also, that when a sand-blast is di-
rected at an angle of from thirty to forty-five
degrees with the face of a stene, a greater
guantity will be cut than wheu the same sand-
blast, at the same distance, (one inch,) is di-
rected at an angle of ninety degrees with the
face of the stone. Thedivergence of the sand-
blast spreading it over a wider surface of the
stone, and also giving it more room to escape,
and thus to aveid interference with the ou-
coming sand, appears to be the explanation
in these cases. But I have fouud that in cut-
ting a narrow groove more progress is made
by keeping the blast-pipe directed sguare at
the stone, and keeping the stone as close to
the guide-plates as its shape will permit, for,
sithough the gross quantity of stoue cut away
may be less than at a greater distance, the
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effect is more concentrated and counfined fo
the desired spot and direction.

The quantity of sand to Le used with a
given steam-jet may be considerably varied
according to the objeet desired. When a soft
stane is to be cut over a wide surface, so that
a free sidewise eseape can be given, a quantity
of sand two or three times as great as above
deseribed may be used; but where a hard

stone is to be cut in a narrow groove a small |

feed of sand produces a betier resuit.

For purposes where only a small guantity
of material is to be cut er ground away from
the surfuce of a hard substance, and where
only a moderate velocity of the sand is re-
quired, I have found the carrent ot air pro-
duced by the ordinary rotary fan to be con-
venient.

1 bave used tbis method for grinding or de-
polishing glass, china, or pottery, either on
entire surtaces, or on surfaces partially cov-
ered and protected, so as to produce an en-
graving of letters, ornameuts, or designs.

In engraving designs air is more conven-
ient thau steam as an impelling-jet,in thisre-
spect: that the sand keeps dry and rebounds,
leaviug the pattern clear, while with steam
the saud becomes damyp and is apt to adhere
to and clog the fine lines and corners. The
said being fed into the fan is carried along
by the current of air in a tube or close trunk
and strikes upon the glass, which is held or
moved opposite the mouth of the trunk and
cats, grinds, or stars its surface.

One darrangement which [ have found cou-
venient for tiat glass is, to cause the air-eur-
reut from the fan to descend in a narrow ver-
ticdl tube of.a, cross-section abont three feet
long by one inch wide, into the top of which
the sand is eveuly introilnced Ly numerous
small pipes at the rate of abeut twenty cubic
inches per minute for each square inch of
cross-section. A traveling apron. carries the
-sheets of glass gradually .and regularly be-
neath the sand-blast at about oue inch dis-
tance.

The finer the saud used and the less the press-
ure of the DLlast, the finer is the grain ot the
depolished surface. - Also, the finer the sand
used, the more weak and delicate may be the
texture of the covering substance used to pro-
duce the designy. .

Good results bave been obtained with de-

signs eut in a laydr of wax, and with paper |

or lace pressed close to the glass, and using
sand which passed through a sieve of fifty
wires per inch, and an air-blast of the press-
ure of about one inch of water. With sand
reduced to very fine powder, and inan air-blast
of a pressure of eight or teu inches ot water,
a very delicate depolishing of the surface of
glass has been produced.

Numerous processes are known and used in
the arts for producing, printing, or transferring
designs on surfaces. ,Any of these processes

by which a design can be produced or trans-
ferred in a sufficiently tough and resistent
mediaw, may be used to prepare a surface for
being engraved by the sand-blast.

Mauy natural objects, such as plauts,leaves,
inseets, &e., which can be fastened flat upon
a surface, have sufficient strength and resist-
ance to a blast of fine sand to admit of their
outline being thus engraved. Glass, colored
by a thin straium of colored glass on one sur-
face, may be arpamented by designs cut or
ground through its colored stratum.

Designs engraved by the sand-blast to a saf-
ficient depth, either in relief or intaglio on a
smooth surface—slate or glass for example—
can be reproduced by known processes of
printing. When the sand-blast, at moderate
velocities, is directed upon a metallic surface it
removes but little of the metal, but the grains
of sand make innumerable small indentations.
of the surface, and produce a frested, dull,
matt, or dead appearance. By using suita-
ble stencil-plates or covering substances de-
sigus or devices can thus be engraved on me-
tallic surfaces.

It desired, the sand may be propelled by a
current of air produced by suction, or a par-
tial vacuum made in any couveuient manner,
as by a fun or steam-jet, or any other known
machine ; or the sand may be impelled by a
mixed eurrent of steam_and air produced by
a steam-jet in the ordinary manner.

1 iave produeed sowme cutting and grinding
effects Ly sand impelled by the force of grav-
ity. A stream of sand fed into the top of a
bigh vertiecal tube at first falls slowly, but

after the air in the tube.is set in motion. the

sand gradually falls mwore rapidly, and cau
finally acquire velocity sufficient to grind or
depolish glass.

I have described above several arrange-
ments for projecting the sand with the requi-
site velocity, but 1 do not mean to counfine
myself thereto. Any method or arrangement
may be used by which sufficient, veloeity can
be artificially given to the sand to enable it
to ent or grind the object.

What I c¢laiia as my invention, and desire
to secure by Letters Pateut, is—

1. The outting, boring, grinding, dressing,
engraving, and pulverizing of stone, metal,
glass, pottery, wood, and other hard or colid
sitbstances by sand used as a projectile, when
therequisite velocity has been artificially given
to it by any suitable means.

2. The artificial combination of a jet or eur-
rent of steawmn, air, water, or other suitable
gascous or liquid medium with a.stream of
sand, as a means of giving veloeity to the
sand, when the sand is used as a projectile,
as a means of cutting, boring, grinding, dress-
ing, engraving, and pulverizing stone, metal,
glass,.pottery, wood, and other hard or solid
substances.

3. The combination of & rotary fan, centrit-
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ugal wachines, and other machines capable
of giving direct mechanical impulse with a
stream of sand, as a means of giving velocity
theéreto, when the sand is used as a projectile,
as a meaus of cutting, boring, grinding, dress-
ing, engraving, and pulverizing stone, metal,
glass, pottery, wood, and other hard or selid
substances.

4, As a new manafacture, articles of stone,
metal, glass, pottery, wood, and other hard
or solid substances, which have been cut,
bored, ground, dressed, engraved, or pulver-
ized by sand used as a projectile, when the re-
quisite velocity has been artificially given to
the sand by any suitable aeans. '

5. As a new manufacture, articles of stone,
metal, glass, pottery, wood, and other hard
or solid substances which have bLeen cut,
bored, ground, Jdressed, engraved, or pulver-
ized by saul uwsed as a projectile, to which
the requisite velocity has been artificially
given by a jet or current of steam, air, water,
or other suitable gaseous or lignid medium.

6. As a new manufacture, articles of stoue,
metal, glass, pottery, wood, and other hard
or solid substauces, which have been cuf,

2

5

bored, ground, dressed, engraved, or pulver-
ized by sand used as a projectile, to which
the requisite velocity has been given by a 10-
tary fan, centrifugal macbine, or other ma-
chine capable of giving direct mechanical im-
pulse,

9. When a jet or current of steam, air, wa-
ter, or any other suitable gaseous or liquid
medinm is employed to give velocity to sand
used as a projectile, as a means of cutting,
boring, grinding, dressing, engraving ar pul-
verizing stone, metal, glass, pottery, wood,
and othier hard or solid substances, the use of
the following devices for introducing the sand
into the jet of steam, air, water, &c.: first,
the suction produced by the jet of steam, air,
water, &e.; second, a strong close vessel or
sand-box, into which the pressure of the steamw;-
air, wager, &e., is introduced, and through
which, when desived, a carrent of it may be
made to pass.

B. C. TILGHMAN.
Witnesses:.

R. A, TILGHMAN,
W. M. TILGHMAN.



