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This invention relates o peening apparatus. It is par-
ticularly directed to apparatus with which the pecning
nozzle and jet may be moved readily to one or another
of almost an infinite number of positions while still main-
taining substantially uniform shot ejection. The invention
also encompasses and is directed to a form of peening
jet nozzle particularly adapted for structures having dif-
ferent peening requirements at different structural areas.

In one form of the invention, peening shot are sup-
plied from a hopper or bin into which a generally circular
outlet is provided in one region. The outlet is covered
pormally by substantially a ball type structure fitted
therein and held closely thereto by any appropriate form
of hanging arrangement. The ball member is generally
hollow. It preferably has a substantially square entrance
port leading into the hollow section. By appropriately
securing the ball member within the circular opening, the
ball memher may be rotatcd relative to the opening cen-
ter or it may be tilted to varying degrees in any of its pos-
sible positions. By having the ball-shaped member extend
within the circular outlet of the supply bin or hopper, it is
possible to turn the ball member so that the square open-
ing extends in selected different directions without epen-
ing the outlet to any loss of shot.

Normally, the ball.shaped member is appropriately
secured to a tubular feed section which may or may not
be telescoped. The tubtlar member leads into a mixing
chamber from which the shot are ejected toward the
work by way of a suvitable nozzle, The mixing chamber
is normally a partially cylindrical element having an
entrence port along one side wall for the in-falling shot.

The substantially cylindrical mixing chamber is pref-
erably held to one end of the tubular section by a yoke
generally appropriately welded to the tubular element
and held to the top and bottom sections of the mixing
chamber by any desired form of mounting structure. The
end of the tubular section generally terminates in a form
of an arcuate shoe which overlaps and conforms in shape
to a cylindrical side wall of the mixing chamber over a
selected angle of any desired arc, sach as, for example,
about 60°, The arcuately shaped shoe conforming to the
curvature of the side wall of the cylindrical mixing
chamber permits a limited rotation of the mixing chamber
relative 1o the tobular element while still permitting shot
falling through the tubular section to enter into the mix-
ing chamber. It also precludes loss of shot in any relative
angular shift in position between the two elements.

The substantially cylindrical mixing chamber element
has two additional ports arranged substantially diamet-
rically opposite each other and extending through the
cylindrical walls each centered at approximately a 90*
angle with respect to the axis of the opening into which
the tubular member leads, The two oppositely arranged
openings provide, on the one hand, for the introduction
of air or other fluid under pressure into the mixing
chamber into which shot from the hopper has been passed
through the tubular member and, on the other hand, the
opposite opening serves to provide a  passageway
leading to a nozzle structure through which the shot are
directed 10 the work.

The nozzle structure particularly adapted for vse with
the inventi~g »ndar qonsidesation is preferably of a unique
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type with the nozzle proper having its

from the generally circular shape of the opening leading
into the mixing chamber to one which is flaticned to
practically an clongated rectangular shape at the
The nozzle formation is such that fluid and shot
pressure are ejected in greater volume at substantially the
center of the rectangular area than at its edges.
for instance, permits one section of a contacted o
to be peened to a greater extent than another sectioix.

THustratively, a nozzie jet of substantiafly reciangulad
form may be directed adjacent 1o a turbine o compressor
blade, Normall, the thin outer edges of the blade do not
requize as much peening as do the central sections, Conse-
quently, by directing the nozzle transversely of the blade,
a single application of peening shot ejected from such a
nozzle may serve adequately as the peening instrumen-
tality for thoroughly treating such blades.

Various modifications, of course, may be made in the
described structure but, generally speaking, the invention
provides a universally adjustable tubular element to de-
liver shot from a hopper or supply bin to a mixing
chamber. The tubular clement is adapted to provide both
the shot supply path and the support structure for the
peening nozzle. It is capable of being rotated completely
with respect to the supply bin ard tiited with resect to
its axis at any desired angle throughout a complete 360°.
The length of the supporting tubular member may be
appropriately shifted through a telescopic action and the
delivered shot from the chamber may then be ejected
along a path either downwardly from the mixing chamber
or upwardly therefrom in accordance with the nozzle
positioning and the applied pressure of the fluid iniet.

With the foregoing in mind, the invention has as one
of its main objectives that of providing a shot snpply
system for peening apparatus which is substantially uni-
versally adjustable, as well as being capable of tuming
in any desired and useful angle. Another object of the
invention is that of providing pcening nozzle apparaius
having ejection characteristics ajlapting it uniquely to
certain selected forms of operation, although within the
concept of the invention the form of ejection nozzie may
be widely varied in shape. Other objects of the invention
are those of providing a structure having wider utility and
greater efficiency of operation and one which is usable
in connection with mbre types of peening requirements
than nozzle structures heretofore commonly in use,

Other objects and advantages will suggest themselves
at once to those skilled in the art to which the invention
is directed following a reading of the following descrip-
tion and the appended claims in connection with the ac-
companying drawings in which:

FIG. 1 is an elevational view partly in section showing
a preferred form of the apparatus;

FIG. 2 is a top sectional view taken zlong the line 2—-2
of FIG. 1 looking in the direction of the arrows to indi-
caie the relative positioning and relationship of the supply
hopper to the outlet or feeding tubular element:

F1G. 3 is also a sectional view taken on the line 3—3
of FIG. 1 looking in the direction of the arrows to show
particularly the adjustability of the ball-shaped inlet to
the tubular feed clement for supplying shot from the hop-
pcrn?r supply bin to the mixing chamber and ountlet
nozzle;

FIG. 4 is a side view of a portion of FIG. 1 looking in
the direction of the arrows for the section 4—4 to show
particularly the telescoping arrangement of the tubular
feed member for supplying shot from the nopper or sup-
ply bin to the mixing chamber;

FIG, 5 is a scctional view taken along the line 5—& of
FIG. 4 looking in the direction of the arrows to show the
general relationship between the mixing chamber with #ts
shot inlet conbection to the tubular feed member sad-
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stantially rectangularly shaped nozzle at different pres-
sures Lut at an assumed fixed distance, with the compres-
sion indicated at both an axisl and an off-axis location,

If now reference is made to the drawings, for a further
understanding of the invention, the peening shot supply
source is a hopper or supply bin 11 (only & small end
section being shown), The supply bin or bopper 11 has
a circular opening 12 into which a bali-shaped element
13 is adapted to be inserted. Where a plurality of outlets
are to be supplied each is similar and only one will here
be discussed. The ball-shaped element 13, as can be seen
particularly from FIG, 1, has & maximum outside diam-
eter just slightly greater than the diameter of the opening
12. The ball-shaped element is fitted into the opening 12
from the lower side fo penctrate into the opening to a
slight extent but by reason of its larger size it forms a
tight fit with the opening when drawn there against by the
pressure exerted from the lower side by a tightening plate
14 having a central opening 15 into which the ball-shaped
member is inserted. The centyal opening 15 is vsually of
a diameter slightly less than that of the opening 13, al-
though it conld be of the same diameter,

The plate 14 is usually substantially triangular in shape,
as can be seen from the drawing. It is secured to the hop-
per member by a plurality of bolts 16, each preferably
having its headed portion within the hopper and the
threaded end extending below the plate at each vertex
s0 that by tightening the indicated fastening nuts the
ball-shaped member may be forced upwardlv tightly
against the outer ecdge of the circular opening 12 and the
triangular shaped fightening plate also forced tightly
against the outer periphery of the ball-shaped element
below its center. The triangular plate provides with the
fastening nuts a convenient means to fasten the element
1o the hopper in any desired position. The ball-shaped
element is formed with a hollow interior, schematically
designated at 17. The upper section that is adapted to fit
within the hopper or supply bin 12 is slightly flattened,
as indicated at 18, Ii provid+s a generally square-shaped
opening 19 lcading directly into the hopper. With the
loosening of any of the bolts 16 the plate 14 is loosened
so that the relative position of the generally square-shaped
opening 19 may be changed with respect to the opening
12, as indicated by the phantom positioning shown by the
dot-dash lines 20, The square opching permits the limited
amount of rotation of the ball-shaped elemen: 13 relative
to the hopper opening while still pracleding overflow
from the supply. The adjustment of the fastening bolts
16 and the fact that the ball-shaped element 13 jis of sub-
stantially a spherical outer periphery permits the element
to be rotated to any Jesired positior at each loosening of
the bolts and secored in any selected position with each
tightening of the bolts, the reason for which will be ap-
parent by what is to follow.

The hollow ball-shaped element 13 terminates at its
Jower portion in a neck section 28 which leads into and
is welded 10 one end of & tvbular member 29, The tubular
member provides a feed path for the shot from the hopper
or supply bir 11 to the working nozzle. In some instances,
it is desirable to have a great deal of freedom in adjust-
ment of the length of the tubular member as well as to
have the freedom of adjustment of its angular positioning
or angular turning. The control of length is provided by
having a lower tubular section 30 telescoped over the
lower end of the tubular member 29 with the lower tubu-
lar section then terminating in the mixing chamber 31,
as will later be described. The lower tubelar section 34
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"and are tightened by means
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bring about a tight and locking fit.

‘The entire assembly is then bung from the supply bin
or hopper and the shot are fed through the square-shaped
opening 19 into the hollow interior 17 of the ball-shaped
element 13 and thence, through the upper tubular mem-
ber 29 and the telescoping lower fubular section 30 to be
directed to the mixing chamber 31.

Yoke members 46 amcl 47 are snitably welded to the
lower end of the lower tubular section 30 and terminate
in a position beyond the end thereof suitable for position-
ing adjacent to the mixing chamber 31. A fluid intake
section 48 also leads into the mixing chamber and shot
are directed outwardly therefrom through the nozzle 49.
As is more particulasly evident by the cross-sectional show-
ings of FIGS. § and o, the mixing chamber 31 is formed
as a generally cylindrical element which is adapted to fit
within the forked ends formed by the yoke sections 46
and 47 and fastened therein by suitable fastening bolts
50 and 51 which are threaded into the end sections of
the cylindrical mixing chamber. The cylindrical mixing
chamber has a height which approximately corresponds
to the spread of the yoke elements 46 and 47 where they
overlap it.

One cylindrical wall section of the mixing chamber iy
provided with an opening 51 of a shave =nd diameter ap-
proximating that of the inside diameter of the lower tubu-
lar section 30. The mounting of the cylindrical mixing
chamber 31 relative to the end of the tubular member
30 by the fastening of the yokes 46 and 47 is normally
s0 arranged that with the fluid intake member and the
nozzle mémber 49 positioned substantially horizontally
(see particularly FIGS. 1 and $) the inside diameters will
be substantially alike. In this way, peening shot, schemati-
cally indicated at 53, fall throngh the tubular member 30
and into the interior 84 of the mixing chamber 31. ‘The
entrance port 52 is then adjacent to the end of the tubu-
lar element and, in addition, the end of the tubular ele-
ment has a curved section 55 of a height (see FIG. 4)
substantially like that of the height of the cylindrical
member forming the mixing chamber 31. The curved sec-
tion 58 has an inner radius of curvature which substan.
tially corresponds to that of the outer periphery of the
mixing chamber 31. The two elements are positioned ad-
jacent to each other and arranged to fit reasonably tightly
to each other. The curved section S5, as is indicated, is
welded or otherwise fostened to the lower end of the
fower tubular section 30 and wraps about an arc of the
cylindrical mixing chamber section which represents slight-
ly in excess of the total maximum angle which it is desired
to tilt the nozzle 49 relative 1o the tubular section 38.
Accordingly, with the clements arranged, as shown by
dot-dashed lines by FIG. 1, for instance, each of the fluid
intake elements 48 and the nozzlc 49 enter into the inte~
rior of the mixing chamber 31 by way of openings 60 for
the fluid intake and 61 for the connected nozzie 49. The
openings 60 and 61 as above statzd, are aligned. The com-
mon axis is approximately 90° (in the position of FIGS.
1 and 5) to the axis of the lower tubular element 38 and
the inlet opening 52.

By appropriately loosening the fastening bolts 58 and
£1, the cylindrical elements providing the mixing chamber
31, may be rotated (looking at FIG. 1) in a clockwise
fashion to position A or in a counterclockwise fashion
10 a position B, depending upon whether or not it is
desired to eject the shot from the nozzle abowve
or below the point at which it enters the mixing
chamber. For conditions where the mixing chamber 31
is rotsted relative to the axis of the Jower tubular ele-




an adequate amount of shot can be permitted
to enter to accomplish the desired peening operation.
However, because furning of the opening, absent a curved
section such as that shown at 55, would provide direct
access from the exterior into the internal mixing cham-
ber, such a condition wounld be intolerable because pres-
gure within the mixing chamber would be lost to the
exterior and because, if an opening were provided from
the mixing chamber to the exterior in such random
form, the inlet fluid jet entering at the inlet 48 might be
strong enough to eject shot from an undesired area. The
result is that the curved section 55 serves to cover the
opening 52 for all angular positions of its movement.

At times, it is desirable to adjust the region whereat
the falling shot from the hopper or supply bin enter
the mixing chamber 31 with respect to the entering fuid.
The fluid enters pormally through a jet end 62. Thia
jet is mormally placed just slightly shead of the region
where the majority of the shot from the tubular element
30 is permitted to enter, However, to move the jet further
inwardly and closer to the opening 61 or outwandly and
further from the opening, e adjustment is provided by
the set screw 68 which permits the adjostment in any
desired fashion. Similarly, the nozzle 49 is fitted at its
inner end within the opening 61 and held there by the
set screw 69,

The nozzle 49 may assume varions shapes. Frequently,
peening nozzles are formed with a circolar outer open-
ing through which the shot are finaily ejected to impact
the work being operated upon. In this particular inven-

tion, the entire assembly is made universaily adjustable 335

with the ball connection to the hopper permitting com-
plete 360° rotation of the tbular member about its
axis with the support being provided by the bali-shaped
member secured to the hopper or supply bin. Likewise,
the angular adjustment about an axis normal to the axis
of the tubular member is provided in an indefinite pumber
of positions as schematically illustrated in one form in
FIG. 1. Further adjustment of the nozzle to an upward
or a downward tilt position is provided by the move-
ment about the cylinder axis 70 to reach either of posi-
tions A or B, or any position between them.

It was above mentioned that for some uses, it is
desirable to provide an output of peening shot where
the pressure at which the shot is ejected may be greatest
along the axis of the nozzle 49 and the intake fluid 1obe
48 regardless of the angle of rotation of the nozzle rcla-
tive to the axis of the cylindrical mixing chamber. Further,
along the axial position, the quantity of shat ejected
may be greater. By reshaping the nozzle at its exit to
provide an cutlet 71 of flattened elliptical or generaily
rectangular shaping, the fluid pressure and shot quantity
at the outer cdges 72, 73 of the rectangular opening will
be less than in the center. As is shown particularly by
FIG. §, such construction offers particular advantage
when the nozzle is used with certain curved work pieces.
THustratively, in the case of turbine or compressor blades,
it is possible to peen the blade in such a way that the
peening action along a path axial with respect to the inlet
fluid passage 48 and the nozzle supply opening will be
substantially greater than at the edge. Further, in some
instances, the rectanguiar opening may be shifted laterally
so that one or the other of edges 76 or 71 may be
substantially alipned with the nozzle axis lerving the
other cdge off center, as it were, which may be done for
other types of work. Stit further, in some instances, it
maybedesirabletorﬁhnpethenonleexitpmma
form approaching triangular configuration thereby to
contro] the effectiveness of the shot as it impacts the
work.
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calculating the required extent of peening
achieve the desired end result. The shaping of the nozzle
end thus becomes cffectively a computation, the achjeve-
ment of which removes human error which otherwise
might be present and by a control of the impact period
of the cjected shot at one portion of the work, it then
becomespossibletoprovidearimmmmuoidthe
peening action at areas requiring less shot impact.

The effect of the nozzle shaping, as shown for in-
stance at 71 in FIG. 4, is represented by the curves of
FIG. 7. These curves assume & nozzle opening approx-
imately corresponding to the form of FIG. 4. The shot
leaving the center of the nozzle sirike hardest along the
nozzle center line as the shot reach the work to be im-
pacted. On the nozzle center line, indicated by the dot-
dash line, with the nozzle spaced at about two-and-one-
half inches from the impacted surface, at 80 p.si.g. the
shot impacts the surface to provide a reading of about
0.0103 on the Almen scale (not shown). With the nozzle
shape &s indicated, at distances approximately threc-quar-
ters of an inch at either side of the center line, the reading
on the Almen scale for the same impact pressure at the
jet is reduced 10 & value of approximately 0.0076 on the
same scale,

As another example of the effect of the shot from the
nozzle impacting the surface of the work at which it is
aimed, this operation, as is well known, being for the
purpose of increasing the fatigue strength of the im-
pacted picce, the Almen scale reading with the shot
ejected at about 30 p.s.ig. is approximately 0.0055 along
the center line of the nozzle. At a Tevel of displacement
at illustratively three-quarters of an inch at either side
of the center line of the nozzle the Almen scale reading
drops to about 0.0036. Here it will be observed that the
change is such that there is reduction from the impact
pressure along the center line 10 about 75% of the value
somewhat laterally removed. This contrasts gencrally
with the circular nozzles where the impact presstire re-
mains relatively constant in line with the nozzie aperture
and laterally therefrom the pressure drops off very
markedly. The advantage of the nozzle form parti:ularly
depicted by FIG. 4 as already mentioned is that of
being able to peen elements where the same degree of
peening is not required at all impact areas. This is par-
ticularly true for instance in the case of turbine blades
where the outer edges of the blades do not require peen-
ing 10 the same extent as does the central area.

It may be noted also from the two curves shown by FIG.
7 that there is a general family relationship between the
curves for the 80 pound pressure and the 30 pound pres-
sure. The same general conditions hold true for pressure
within the range between 80 pounds and 30 pounds and
slightly below. Ilustratively, for a2 pressure of about 5§
pounds, the Almen scale reading subsantially at the center
line of the jet can be assumed to be approximately 0.0079,
and the readings laterally spaced from the center line
by about the same distance as about the 80 pound and 30
pound curves will be approximately 0.0059, Other values
can be expected to be generally proportional.

Various changes and modifications, of course, may be
made without departing from the spirit and scope of what
is heve disclosed and, therefore, the claims are 0 be inter-

Turbine of compressor blades are subjected to wub- 75 preted broadly in the light of what is here set forth,
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Having now described the invention what is claimed is:

1. A substantially universally adjustable peening appara-
tus for projecting shot withdrawn from a supply hopper
having a substantially circular outlet port comprising

a hollow ball-clernent adapted 10 be supporiad adjacent
to the outlet port to receive shot from the hopper,

means for adjusting and clamping the ball-clement in
substantiaily universal selectable positions relative to
the hopper outlet port,

a shot-mixing chamber having a shot-inlet port and a
fluid-inlet port and a fivid and shot outlet port sub-
stantially opposite the fluid inlet port,

tubular means comnecting the shot-inlet port and the
hollow ball-element o supply shot therethrough from
the bhopper to the mixing chamber,

a jet projection nozzle having a feed channel leading
to the mixing chamber and substantially aligned with
the fluid-inlet port for ejecting shot from the mixing
chamber and the nozzle, and

means for supporting the mixing chamber for rotation
about an axis normal to the axis of the tubular means
through = selected apgular ranpge whereby shot di-
rected into the mixing chamber through the tubular
means may be cjected from the nozzle at a selected
level above or below the entrance port into the mix-
ing chamber under the pressurc of the fluid directed
into the chamber.

2.The apparatus cleimed in claim 1 comprising, in
addition,

an inlet means to supply shot 10 the interior of the
fiollow ball element, said means having a substan-
tially square opening.

3. The universally adjnstable peening apparatus as

claitned in claim 2 comprising, in addition,

a substaqtially triangular plate for holding the ball ele-
ment adjacent to the hopper, and

means at cach triangle vertex for securing the substan-
tially triangular plate to the feed hopper, and

mreans whereby the loosening of a single fastening ele-
ment only provides freedom of adjustment of the hol-
low ball clement.

4. The universally adjustable peening apparatus claimed

in claim 3 comprising, in addition,

a second tubular foed element telescoped relative to the
first tubnlar feed element for providing 2 controllable
length fecd path, and

means 10 secure the two telescoped members to cach
other.

8. The peening apparatus claimed in claim 4 wherein
the mixing chamber is provided as the interior of a hollow
cylinder,

6. The substantially universally adjustable peening ap-
paratus claimed in claim 8 comprising, in addition,

yoke means for securing the substantially cylindrical
mixing chamber to the end of the tubular elcment,
and.
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8 .
means for permitting angular adjustment of the tubular
mixing chamber clement abou. an axis turned approx-
imately 90° rehuvetothe:moﬂhemlmlxew
to which it is attached.

7. A nozzle for a peening structure comprising

an entrance port of substantially circular crou-udim.
means for securing the nozzle to a mixing chamber
having an exit port of cross-section corresponding to
that of the mixing section entrance port, said nozzle
structure having an interior cross-sectional contour
through which shot and fluid are passed which
changes progressively from substantially circular to
substantially flattened elliptical.

8. The peening nozzle claimed in claim. 7 comprising,

in addition,

means for controllably determining each of the shot
quantity and volume directed from cach arca of the
nozzle element secured to the mixing chamber.

9. A mbstantlaﬂy universally adjustable peening appa-

ratus comprising

& tublular efement,

a substantially ball-shaped member having an internal
central opening terminating at one ead in the tubolar
clement with the internal opening substantially aligned
with the axis of the tubular element,

means for supporting the ball-shaped member and the

tubular element relative to a shot supply soerce for
angular movemeat sbout an axis normal to the tu-
bular axis to a plurality of selected angular posi-
tions and for rotary movement about the tubular

AX1S,

a mixing chamber secured to the opposite end of the
tubular element and in communication therewith to
receive shot therethrough,

szid mixing chamber having an entrance port into which
the tubular element connects and also having fluid
entrance and exit ports angilarly displaced therefrom,
the said last-named ports being substantially axially
aligned,

means to introduce fluid under pressure into the cham-
ber through the finid entrance port, and

nozzle means aligned with the exit port so that shot
directed into the mixing chamber may be ejected

therefrom through the exit port and nozzie under
appliced fluid pressure at the fuid entrance.
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