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This invention relates to a process for hydrau_lic bl:.ist-
ing and surface-altering of articles. The invention
utilizes hydraulic means for imparting energy to surface-
altering particles, such as so-called blasting grit, steel shot
and like coarse peening particles used in the‘ process,
More particularly, the invention relates to an unproyed
process which is more effective by reason of the im-
part pattern of the particles on the articles’ surfaces.

Among the objects of surfacc-altering are, for example,
removing flash, sprue and other minor protrusions or sur-
face irregularities from metal or plastic articles, removing
scale from heat treated metal articles, preparing of pre-
determined surfaces on metals by abrading, peening or
compacting or polishing and the reforming of surfaces of
metal articles, e.g., by knocking off undesired surface
material, or altering molecular or crystalline arrangements
on the surface material. Typical of the applicaticn of the
invention to such surface treatment is a hydraulic shot
peening process.

All of the operations referred to above require “alter-
ing” of the surface of the article, i.e., actual displacement
of minute portions of surface material in the article, e.z.,
such energetic treatment of its surface as to alter crys-
tal or molecular arrangements or athcr physical charac-
teristics. The liquid grit blast procedures with which
the invention is concerned have in common the require-
ment that the solid grit is supplied with sufficient kinetic
energy for reforming the surface of the article,

‘The present invention is an improvement on the mcih-
ods for reforming, e.g., as is disclosed in patents num-
bered 3,150,467; 3,160,989; 3,146,550; and 3,192,677,
dated September 29, 1964, December 15, 1964, September
1, 1964, and July 6, 1965, respeclively, and in the co-
pending patent application Serial No. 150,706, filed by
our associates on November 7, 1961, The surface-altering
particles used in the present invention and the general
conditions of use and recovery and reuse may be sub-
stantially as in said previously described process and ap-
paratus. When the surface-reflorming desired includes
abrading, ordinary abrasive particles may be used such as,
for example, sharp grits of aluminum oxide, silicon car-
bide, chopped steel wire (advantageously cut by forcing a
V-shaped edge transversely into the wire so as to leave a
chisel-like end), or other steel or jron grit, hard alloy
grits, or the like, having sufticiently sharp or irregular cor-
ners to effect abrasion of the surface against which they
are impacted; or, for more readily abraded surfaces, the
particles may be of a less tough material, for example
iron cxide grains.

When peening is primarily desired, the blasting par-
ticles used according to the present invention may be
smoother, ie., relatively free from sharp LOtners, es-
pecially hard, tough shot, e.g., of iron or steel altoys in
the form of small spheres or grit which, having been
used for abrasive blasting, has its sharp corners worn off
to a substantial radius. We may also use, for example,
smooth-grained silica or zircon sands although for peen-
ing purposes tougher matesials are better, as sand grains
may be shattered by impact.

A serious problem has apeared in altering surfaces of
varjous articles of manufactare which have relatively long
and narrow grooves or slots. Such small passages tend
to quickly fili with blasting particles, which shield the
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surfaces from the action of any grit subsequenily strik-
ing the same area.

For example, when the surface-altering parlicles'. from
a nozzle of the older type strike a groove with an incidence
such that a substantial length of the groove has its length
and width corresponding respectively to the length and
width of a nozzle slot, the grooves become at least par-
tially filled with an obstructing accumulation of spent
particles so that the effective blasting action is of very
short duration.

An object of the instant invention is to provide an
economical and dependable metho of uniformly alter-
ing the surface or articles of manufacture, particularly
those which have an irregular sarface. It is a further ob-
ject of the invention to provide nozzles which are better
adapted for use in such surface-altering,

According to the present invention, these objects are
served by controlling the impact pattern of the blast which
carries the blasting particles for the surface treatment of
the article. We have found that it is important that
during blasting there should always be an open path for
escape of the speat blast materials from the surface being
blasted, and this we accomplish by so controlling the blast
that it leaves an escape area outside the blast which is
entering any recess, If the entire recess is blasted at the
same time, the incoming blast drives back in any mate-
rial which is trying to flow out and the impact of the
blast is thus cushioned and ineffecrive for its intended
surface reforming. This control is conveniently achieved
by use of funnel-like blast tube having a relatively large
bore mear its base and walls converging to a slot mouth
at its end remote from the base, said mouth forming a
nozzle for discharge of the blast which is crooked, ie.,
turning, meandering, undulating, zig-zag, for example hav-
ing a sine wave, anguiar path, or other line not parallel
to the target groove, which allows the grit blast to strike
into the groove or recess first at one point and then at
another as the article is moved along. The sides of the
funnel-like nozzle approach and merge smoothly into the
slot mouth at narrow angles to the axis of the blast stream,
50 that the particles of grit carried along with drops of
Liquid meet the surfaces of the funnel at glancing angles,
the grit being lubricated thercon by the liquid so as to
minimize abrasion, ’

These blast tune nozzles direct t.e blasting particles
against the article with incidence such as to blast into
recesses in the article. Such progressive treatment allows
relatively calm spaces ulong the recesses in which the par-
ticles can escape from the blasting and Teave the recessed
area rather than being trapped in the area and driven back
in after every move toward escape.

In the drawings:

FIGURE 1 is a verticn! section through the hopper and
blast portions of a simple apparatus producing a fluid jet
showing a funrel-like blast tube with meandering nozzle
for directing blasting,

) FIGURE 2 is 2 perspectve view from beyond the de-
livery end of a blast tute of meandeting configuration for
use with articles having narrow and relatively deep re-
cesses.

FIGURE 2A is the equivalent of FIGURE 2 but shown
partially sectioned.

FIGURES 3 throuth 14 show in cross-section, just be-
low their tips, slot-., pe nozzles of corfigurations adapted
for use in the method of the present invention.

FIGURE 15 is an isometric view of a particularly intri-
cale article for which the present invention is well suited.

The typical appiratus of FIGURE 1 includes a con-
tainer which is & conical hoppes 28 which serves both ag
a catch basin under the blast zone 1nd a hydraulic clari-
fier. Near the bottom of the hopper is adjustably mount-
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ed a jet 22 held by a set screw 24 in ibe end of pipe
26, which supplies clear water under high pressure,

Above the jet 22 is & blast tube 28, the Iower inlet
of which is spaced above, but near, the botlom of the
hopper; and the upper end of which is formed into a
meandering nozzle 30, open only as shown.

The surface-zltering grains are supplied into the hopper
20 with the blasting liquid and settle and concentrate in
the lower portion of the hopper 20, from which they are
picked up by the eductor action of the jet 27 to form the
surface-altering blast. At the bottom of the blast tube 28
is shown a laterally projecting flange 32: and the inside
of the blast tube is larger near its base that at its outlet
nozzle, so that highest velocity occurs only at the slot 31.

Conventional means (not shown) are provided for sup-
plying a high velocity, high pressure liquid for the jet
stream emerging from jet pipe 26. This jet entrains grit
and/or liguid from around the base of the blast tube and
drives it vp through the tube 28 and out of its nozzle 30,
whereupon it strikes with high kmetic energy the surface
of an article 34 held in a target zone directly above the
nozzle.

The articles 34 being treated are advantageously carried
on a onveyor, €.g., as shown in patents numbered 3,153,-
882; 3,146,550; and 3,192,677, dated October 27, 1964,
September 1, 1964, and July 6, i%65, respectively; and
are carried so that the recesses to be surface-altered are
askew with .espect to the long dimension of the cross-
sectional shape of the blast, Thus the blast crossts the
recess and effects the surface-zliering therein only at spots
of intersection; and, as the part is moved, these spots being
surface-altered progress along the long dimension of the
recess, while always leaving an adjacent area thereof free
from thc biast for escape of the liquid and the grit which
has been spent, i.e., lost its kinetic energy acquired from
the liquid jet.

The spent blast liquid and surface-altering grains and
such other materials as may have been carried in the
original blast, or knocked off from the surface of the
article, are kept from scattering by a hood 36 and drain
down into the hopper 20 causing an overfiow at its rim.

The rim of the hopper is level, so that this overflow
uses substantiaily the entire length of said rim. A gutter
38 collects the overflow and guides it toward an outlet
39. The effluent may be run off to a centrifugal separator,
filter, settling basin or pond, in which say remaining fine
grit and/or soil is allowed to settle out before the liguid
is pumped again inio the process.

This overflow carries with it particles having lower
settling rates, such as fines, low spacific gravity particles
and flaky particles. The surface-aitering particles settle
more promptly »nd provide at the bottom of hopper 20 a
liquid slurry of particles suntable for remse. Makeup
grains, and cheraical agents, i{ used, may be introduced
into the hopper as required.

The form of the blast-tube nozzle chosen will depend
oa surface features of the article being tizated. For ex-
ample, if the article being treated has nomerous deep and
relatively narrow recesses like those distributed over the
casting shown in FIGURE 185, a sine-like nczzle, e.g., us
shown in FIGURES 3 or 4, would be appropriate for the
process of the present invention. However, if, in addition
to the narrow recesses, the casting has areas which re-
quire more intensive treatment that other areas, a diferent
nozzle having varying cross-sectional gap along its lensth
may be uwsed, e.g., as shown in FIGURES 5, 7, or 10,
wherein the nozzle openings have straight, rather than

" continuously curved, sezments so placed that the areas of

the target article requiring the most intensive treatment
are passed along the straight runs. Passage under such a
nozzle in a direction parallel to the straight portion 41
of the slot orifice results in a relatively more prolonged
treatment for those areas of the article which come under
the portions 41; and thus the desired intensive treatment
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can be accomplished. “uch a nozzle is shown in FIG-
URE 5.

Often other geometrical forms differing from a sine-
wave curve may be useful, especially when the surface
features of the artic’e being blasted are such that a more
intense treatment is required on some parts of the piece
than on others. Elongated slits which follow tortucus
lines are often advantageous. For example, instead of the
continuous curve of the sine wave, we may provide
straight line medifications as in FIGURES 4 and 6: or the
sine-wave pattern of the nozzle mouth may be modified to
a pattern wherein the period frequency and amplitude
may be irregular along the length of the nozzle. Further-
mcre, the curve segments may be shorter or straight lines,
even to the extent of providing nozzles wherein the slot
is zig-zag comprised of angle segments advantageously
right angles (as in FIGURES 4, 6, 9, 11, 12 and 14),
Other curved slots are shown in FIGURES 8 and 13. Fur-
thermore, the slots may be modified to comprise arcs or
closed conic sections, e.g., an ellipse,, of which a circle
(FIGURE 13) is one example.

It is to be understood that although these nozzle con-
figurations each have characteristic advantages and can
be used to advantage in combination, all embedy our
broad invention.

Under conditions normally used in industrial hydraulic
grit-blasting, the configuration of the nozzle mouth may
advantageously be chosen so that the areas requiring the
most severe treatment continue longer under the mouth
and therefore in the blast. The width of the gap, from
lip to lip, across the nozzle mouth may advantageously
be chosen so that it is form 3R to S0R (R being the width
of a deep, relatively narrow recess). ‘The period of any
repetitive form in the nozzle mouth, ie., the length of the
unit form which is repeated, is suitably from R to 100R.

The jet pipe or pipes 22 may be separaie, as shown in
FIGURE 1, or integral with pipe 26, There may be a
series of small jets spaced along the longer transverse
dimension of the blast tube for example, as shown in
FIGURE 3 of the Patent No. 3,150,467, dzted September
29, 1964, or a single transversely elongated jet mouth
as shown in FIGURE 2 of said patent.

The method of the instant invention also comprises
using equipment having a slot-shaped ribbon-blast pro-
ducing blasting tube described in co-pending Patent No.
3,150,647, dated September 29, 1964, For example, by
passing the grooves of an article to be treated into a rib-
bon blast at a sufficient angle so that there would be
room for the escape of spent grit from the groove, the
article would be treated advantageously by the methed
of the invention. However the present invection pro-
vides a more suitable method for accomplishing the treat-
ment of such articles by means of crooked and meander-
ing slots which cannot be aligned with the grooves and
recesses on the article to be treated, and can be vsed io
treat several distinct areas of such grooves and recesses
at the same time.

In this application and accompanying drawings, we
have shown and described a preferred embodiment of
our invention and have suggested various alternatives and
modifications thereof, but it is to be understood that these
are a0t intended to be cxhaustive and that other changes
and modifications can be made within the scope of the
invention, These suggestions herein are selected and
included for purposes of illustration in order that others
skilied in the art will more fully understand the invention
and the principles thereof and will be able to modify it
and embody it in a vasiety of forms, each as may be best
suited to the condition of a particular case.

We claim:

1. The method of surface-altering by hydraulic blast-
ing with hard particles which compriscs forcine a hy-
draulic fluid into a jet, entraining said blasting particles
in the liquid of said jet, forming the resulting blast into
a crooked cross-section and directing said formed blast
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against surfaces in narrow recesses of articles, at isolated
spots, leaving adjacent spots in said recess open for escape
of spent blasting particles and fluid.

2. A process for hydraulic blasting wherein blasting
particles are entrained by an hydraulic jet and impelled
thereby against articles to be surface-altered, which proc-
ess is characterized by the improvement comprising di-
recting the resulting hydraulic blast of said particles
against surfaces of narrow recesses on said article, giving
said blast a cross-section shaped Jifferent from said
recesses whereby the blast sirikes the recessed surfaces at
isolated spots thereon, and moving the article relative to
said blast in a direction at an angle t{o the length of
recesses thereby progressiveiy blasting said surfaces, thus
faciiitating escape of blasting particles from szid recess
surfaces after said particles have lost kinetic energy of the
blast,

3. The process as defined in claim 2 whercin the hy-
draulic blast is given a shape, as it leaves the slot mouth
of said nozzle, which follows a sine-like zig-zag.

4. The process as defined in claim 2 wherein the hy-
draulic blast is given a shape, as it leaves the slot mouth
of said nozzle, which follows an angular zig-zag.

5. A process for hydraulic blasting wherein blasting
particles are entrained by a hydraulic jet impelicd thercby
against an article to be surface-altered, which process is
characterized by the improvement comprising forming
the resulting hydraulic blast of said particles into a cur-
vilinear cross-section and directing said blast against &
surface of said article which is to be altered thereby, and
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causing said snrface to move relative to said blast, the
cross-section of said blast being curvilinear by reason of
having a part thereof which extends in the direction of
said moving aligned with the parts of said article on
which greater surface-altering is desired.

6. A process for fluid-impelled rarticle blasting of ar-
ticles having recesses comprising forming the abrasive
blast into a curvilinear cross-section; directing said formed
blast against said article which is to be altered thereby,
and moving said article relative to said blast whereby
the blast strikes the recesses at isolated spots thereon
leaving adjacent spots in said recesses open for escape of

spent blasting particles and fluid.
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