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[57] ABSTRACT

A method and apparatus for controlling a shot peening
operation includes the measurement of pressures at two
different points in a compound gas shot peening system. By
comparing these pressure levels with the pressures set forth
in a table for a given mass rate of flow of shot, the peening
operator can control the velocity of the shot particles applied
to the workpiece, thereby controlling peening intensity.

12 Claims, 3 Drawing Sheets
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1
SHOT PEENING METHOD

This is a Continuation-In-Part of U.S. patent application
Ser. No. 08/274,806, filed Jul. 14, 1994, now U.S. Pat. No.
5,460,025. '

This invention relates to a method and apparatus for shot
peening, and more particularly relates to the control of the
velocity and kinetic energy of the shot particles.

The use of shot peening to increase the fatigue strength
of material is relatively well known. A stream of shot is
directed at the surface of a workpiece to cause plastic dot
formation (or “dimpling”) of the surface of the workpiece.
Usually, the workpiece is a metal, but other materials can
also be shot peened. One type of shot peening apparatus uses
high pressure gas (usually air) to accelerate the shot par-
ticles, which are then directed at the workpiece through a
nozzle. The size of the “dimples” placed on the workpiece
by the peening operation must be carefully controlled. This
is done by regulating the kinetic energy of the particles
impacting the workpiece. Since kinetic energy of the par-
ticles is a function of mass of the shot particles and their
velocity, and the mass of the individual particles may be
easily controlled, the particle velocity is the important
control parameter.

Several current methods of controlling particle velocity,
and therefore intensity, of the peening process are available,
but none of these prior art methods provides “real time”
control of the intensity of the peening process. For example,
laser technology may be used to measure particle velocity,
but in order to use laser technology, the peening nozzle must
be diverted to a measurement cavity, the velocity of the shot
particles must then be checked, and the nozzle then returned
to the peening process. Other processes for controlling
peening intensity make use of the so-called “almen strip” as
set forth in U.S. Pat. No. 2,350,440. In this method, a thin
test strip is mounted on a fixture, a shot stream is applied to
the test strip, and the deflection of the test strip is measured,
thereby providing an indication of peening intensity. Some-
times these techniques are combined with a measurement of
the air pressure of the stream in order to get a general
indication of changes in peening intensity, but these methods
lack precision, and do not provide any accurate real time,
control of the peening process.

According to the present invention, a conveying hose is
provided which terminates in a nozzle that directs the shot
particles onto the workpiece. According to one embodiment
of the invention, the shot particles are delivered into the
conveying hose; according to another embodiment of the
invention, the shot particles are delivered directly into the
nozzle. In either case, the conveying hose includes an inlet
communicated to a regulated pressure source upstream of
the conduit delivering the shot particles into the conveying
hose. The conveying medium, which is usually air but may
be another gas, accelerates the shot particles which are then
delivered to the workpiece through a nozzle. The pressure of
the air stream is measured at the air pressure inlet, and is
measured again at another point at the entrance to the nozzle.
By using a test cavity and the laser velocity measuring
process (or any other known process for measuring particle
velocity), a table may be constructing relating these two
pressures with particle velocity. The only other variable in
the peening process is the mass flow rate of the shot
particles, which regulates the density of the “dimples” on the
surface of the workpiece. Changing the mass flow rate of
particles into the conveying hose will change the aforemen-
tioned pressure relationships to establish a given particle
velocity. Accordingly, the aforementioned table can be made
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three dimensional so that for a given mass flow rate of shot
particles the particle velocity can be controlled by monitor-
ing the pressure at the inlet to the hose through which the
conveying gas is communicated and the pressure at the
nozzle. Accordingly, a given peening “recipe” (which speci-
fies the shot mass flow rate and peening intensity) can be
fnlfilled by regulating the mass rate of flow (which may be
done directly be operating a control valve), and by moni-
toring the upstream and downstream pressures to control
particle velocity and therefore the intensity.

According to a third embodiment of the present inven-
tion, shot is conveyed into a first transport hose and is
transported to a nozzle by suction created by conveying
compressed gas to the nozzle through a second transport
hose, which is connected to the nozzle through a secondary
orifice which creates suction in the first hose, thereby
conveying shot to the nozzle. The compressed air accelerates
the shot through the nozzle and onto the workpiece. Pressure
is measured at a first measuring point in the first hose and a
second measuring point is a second hose, and a table
constructed as discussed above is used to monitor pressures
at the measuring points in order to control the intensity of
particles discharged onto the work piece.

In any of the embodiments, any anomaly in the system
can be discovered as soon as it occurs and appropriate action
taken. Clogged nozzle will result in an increase in pressure
in the hose conveying compressed gas to the nozzle, and a
worn or missing nozzle will result in a decrease in the
pressure in the transport hose conveying compressed gas to
the nozzle. Ideally, the condition of the conveying hose or
hoses and nozzle may be inspected before painting has
begun by shutting off the shot flow into the conveying hose,
and running a test in which compressed gas at a nominal
pressure is communicated through an appropriate hose and
into the nozzle, and pressures measured at the measuring
stations are noted and compared with established norms.
Accordingly, an indication of the condition of hose or hoses
and nozzies is available to the operator, an appropriate
corrective actions may be taken before painting is initiated.
Nozzles have been known to even fall off of the conveying
hose and go undetected for a significant time period.

Accordingly, one advantage of the present invention is
that peening intensity may be controlled during the peening
operation, thus providing “real time” intensity control.
Another advantage of the present invention is that the
condition of the equipment may be determined before the
peening operation is initiated.

These and other advantages of the present invention will
become apparent from the following description, with ref-
erence to the accompanying drawings, in which:

FIG. 1 is a diagram, partly in section, illustrating one
embodiment of the peening apparatus pursuant to the present
invention;

FIG. 2 is a view similar to FIG. 1, but illustrating another
embodiment of the present invention; and

FIG. 3 is a view similar to FIGS. 1 and 2, but illustrating
a third embodiment of the present invention.

Referring now to the drawings, a shot peening apparatus
generally indicated by the numeral 10 directs a stream of
shot particles generally indicated by the numeral 12 against
the surface of a workpiece 14. The shot peening apparatus 10
includes a hopper 16 for storing the shot particles 18, a
conduit 20 for conveying the shot particles 18 into a shot
transport hose 22. The hose 22 terminates in a nozzle 24 for
directing the stream of shot particles 12 against the surface
of the workpiece 14. The mass flow rate of shot through the
conduit 20 is controlled by a conventional shot flux control
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valve 26 which controls the mass rate of flow of shot through
the conduit 20 and into the conveying hose 22.

The conveying hose 22 is provided with an inlet 28
which is communicated to a source of gas (usuvally air) under
pressure (not shown) through conduits 30. A conventional
pressure regulating valve 32 is adjustable to regulate the
pressure level of the compressed gas being communicated to
inlet 28. The conduit 30 includes a branch 35 which com-
municates the pressure regulating valve 32 with the hopper
16, such that the shot 18 in the hopper is pressurized to the
same pressure level communicated to the inlet 28. As can be
seen from the drawings, the conduit 20 conveys shot par-
ticles 18 into the conveying hose 22 at a connection point
generally indicated by the numeral 34, which is between the
inlet 28 and the nozzle 24. A pressure measuring device 36
measures the pressure level in the conveying hose 22 at the
entrance of the nozzle 24, and a pressure measuring device
38 measures the pressure within the conveying hose 22 just
downstream of the inlet 28.

As discussed above, the control parameters used in shot
peening operations are the shot mass flow rate or flux, and
the velocity of the individual shot particles. The shot flux
determines how quickly the surface being treated will be
impacted. If the flux is too low for a given exposure time,
some of the surface of the workpiece will remain untreated
after the exposure is over. Conversely, if the shot flux is too
large, excessive surface impaction may result in surface
damage and increases susceptibility to fatigue failure. The
shot velocity establishes the amount of energy delivered
with each impact, which controls the surface profile and
depth of the compressed layer. Shot kinetic energy is com-
monly termed shot intensity, and is a function of the mass of
the individual shot particle and the particle velocity.

According to the present invention, a given particle
velocity at a given shot flow rate or flux will always result
in the same readings of pressure sensed by measuring device
36 at the end of the entrance of the nozzle and pressure
sensed by measuring device 38 at the inlet 28. Accordingly,
at a given shot mass flow rate, a given particle velocity can
be established by maintaining the pressure readings of
devices 36 and 38. The system is initially calibrated by using
one of the prior art methods, such as laser techniques, to
measure the velocity of the shot particles as the pressure
regulating valve 32 is varied to create varying transport
pressures within the transporting hose 22. The pressures
sensed by devices 36 and 38 for a measured particle velocity
are recorded, thereby constructing a table which, for a given
shot flow rate into to the transport hose 22, relates the
pressures sensed by devices 36, 38 to particle velocity. The
tables may be made three dimensional as a function of
varying flow rates as set by the valve 26. Accordingly, the
shot peening operator can follow a “recipe” of a shot flow
rate and intensity, and then look up in the table to determine
the pressures sensed by devices 36, 38 that will yield the
desired particle velocity at the specified mass flow rate.
Accordingly, during the peening operation, the pressures as
measured by devices 36 and 38 are continually monitored to
assure that they remain substantially the same as those set
forth in the recipe table.

If the pressure measuring device 36 indicates the pres-
sure at the entrance to the nozzle 24 increases, a clogged
nozzle is indicated, which will thereby reduce the nozzle
velocity. The operator accordingly knows that the nozzle
needs to be cleaned, so peening is discontinued while the
corrective action is taken. On the other hand, if the pressure
measured by measurement device 36 abruptly decreases, a
worn or missing nozzle is indicated. Occasionally, in the
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past, nozzle 24 has fallen off the transporting hose 22 and
has not been noticed by the operator, which of course, means
that workpiece 14 is not correctly peened. If the pressure
measuring devices 36 and 38 are monitored and an abrupt
decrease in pressure is noted at the pressure measuring
device 36, the operator is immediately aware that corrective
action must be taken, such as replacing the worn or missing
nozzle.

Another factor which may affect the readings at 36 and
38 is a change in the mass rate of flow of shot through the
connection 34. This may occur because the hopper 16 has
run out of shot, or because the valve 26 has not been set
properly or has become defective. In any event, the operator
will immediately be aware that the velocity of the particles
is not correct, and can terminate peening so that no parts will
be improperly peened. The only other factor which can
affect the pressure readings at 36 and 38 is an increase or
decrease in pressure at the pressure source as regulated by
the adjustable regulating valve 32. Again, when such
changes at the pressure source result in variations of pres-
sure at the inlet 28, the operator will immediately be aware
of the fact that the shot velocity is no longer correct, and can
investigate and take the proper remedial action.

Ideally, before the peening operation begins, the operator
makes a calibration run by turning off the flow valve control
value 26 to prevent the shot particles 18 from being con-
veyed into the transporting hose 22 and adjust the valve 32
to provide a pressure at measuring device 28 representing a
nominal operating value of a pressure used in the peening
operation. The pressures at devices 36 and 38 are then read,
and compared to a table of pressures for the nominal value
of pressure as set by regulating valve 32. While normally it
is desirable for the transport hose 22 to be as short as
possible, it may be necessary to increase the length of the
hose 22 (and even to coil the hose) so that the hose 22 is long
enough that a meaningful, measurable pressure drop will
occur between devices 38 and 36.

If the pressure at 36, 38 are reasonably close to the
pressure levels set forth in the table, the operator knows that
the hose and nozzle are in good condition and that the
peening process can proceed. Accordingly, the flux control
valve 26 is set at the desired shot mass flow rate required by
the peening “recipe” and the regulating valve 32 is then
adjusted until the pressure measuring devices 36, 38 are
established at the pressures set forth for the desired velocity
in the table. Since the calibration run has been made and the
hose and nozzle have been established as being in proper
operating condition, the valve 32 may be set at a level
providing the pressures at 36 and 38 as set forth in the table
for the desired velocity. Accordingly, any change in the
pressure measured by devices 36 and 38 will immediately
alert the operator that peening should be discontinued and
the source of the problem identified and corrected. The
peening operation may then continue.

As pointed out above, the prior art intensity control
methods did not provide “real time” control of the peening
operation. While pressures were measured at points in the
system, the only way to determine particle velocity was to
use the aforementioned almen strip, or by measuring particle
velocity by the aforementioned laser or other particle veloc-
ity measurement techniques. However, none of these meth-
ods assure that changes have not taken place during peening
that affect peening intensity; according, there can be no
assurance that peening at the proper intensity has occurred.
With the method and apparatus of the present invention, it is
immediately apparent to the peening operator that anomaly
has occurred, and appropriate corrective action can be taken.
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Accordingly, proper peening of all of the workpieces 14 is
assured.

Referring now to the embodiment of FIG. 2, elements the
same or substantially the same as those in the embodiment
of FIG. 1 retain the same reference numeral, but are
increased by 100. In FIG. 2, a nozzle 140 includes a primary
orifice 144 through which the stream 112 of shot particles is
accelerated toward the workpiece 114. Nozzle 142 further
includes a secondary orifice 146 which is connected to a
transport hose 148, which in turn is connected to a pressure
source (not shown) through regulating valve 132. Accord-
ingly, pressure communicated into the nozzle 142 through
orifice 146 from transport hose 148 creates a region of
reduced pressure in the annular area 152 to which the hopper
116 is communicated. Suction is thereby created in the
conduit 120 which conveys shot dispensed by the valve 126
into the nozzle 142, where it is accelerated by compressed
air conveyed through the hose 122. Instead of the valve 126,
shot may be dispensed through an orifice (not shown), which
controls the flow of shot inio the nozzle 142. Accelerated
shot particles form the shot stream 112, which is discharged
through the primary orifice 144 toward the workpiece 114.
Pressures are measured by devices 136, 138 at the entrance
to the nozzle and upstream from the nozzle, respectively.
The measured pressures are used to regulate the velocity of
the shot particles in the shot particle stream 112 and to
determine the condition of the nozzle, as discussed above.

Referring now to the embodiment of FIG. 3, elements the
same or substantially the same as those in the embodiment
of FIG. 2 retain the same reference character, but are
increased by an additional 100. In FIG. 3, a secondary
transport hose 250 is connected to the annular area 252 of
the nozzle 242 which circumscribes the secondary orifice
246. Accordingly, pressure communicated into the nozzle
242 through orifice 246 from transport hose 248 creates a
region of reduced pressure in the annular area 252 to which
the hose 250 is connected. Suction is thereby created in the
hose 250 because of the orifice 254 in the end of the hose
250 opposite the end connected to the annular area 252, This
suction conveys shot dispensed by the valve 226 into the
hose 250 into the nozzle 242, where it is accelerated by
compressed air conveyed through the hose 248. Accelerated
shot particles form the shot stream 212, which is discharged
through the primary orifice 244 toward the workpiece 214.
A pressure measuring device 256 may be located along the
hose 248, and a pressure measuring device 258 measures
pressure in the hose 250. Accordingly, a look-up table can be
constructed as discussed above, relating the pressures 256
and 258 to the velocity of the particles of the shot stream
212. Accordingly, this velocity can be controlled by con-
trolling the pressure of compressed air in conveying hose
248. A given pressure of the compressed air within hose 248
will create a predetermined pressure level as read by the
measuring device 258, assuming that the hoses and nozzle
are in proper operating condition. Accordingly, the operator,
to achieve a desired intensity, sets a pressure in the hose 248
giving a reading at the device 256 which, according to
look-up table, will achieve the predetermined shot velocity
of the shot stream 212. The operator then checks to see if the
corresponding reading is achieved in the hose 250 as mea-
sured by pressure measuring device 258. If the correspond-
ing pressure is achieved, the operator knows that the system
is operating properly and that the desired shot velocity has
been obtained. Thereafter, if either the pressure measured by
measuring device 256 or the pressured measured by mea-
suring device 258 vary, the operator is informed that con-
ditions have changed and may take appropriate remedial
action.
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I claim:

1. Shot peening method comprising the steps of providing
a transport hose with a nozzle attached at an end thereof;
conveying shot into said nozzle other than through said
transport hose at a predetermined mass flow rate, supplying
gas under pressure to said hose through an inlet opening for
accelerating said shot in said nozzle, discharging said shot
from said nozzle directed at a workpiece being treated,
determining from a look-up table the pressure levels in said
hose at a first measuring point at said nozzle and at a second
measuring point upstream from said first measuring point
required to establish a desired shot velocity at said prede-
termined shot mass flow rate, controlling the pressure of said
gas supplied to said hose to establish said pressure levels at
said first and second measuring points representing said
desired shot velocity of shot being conveyed through said
hose, monitoring the pressure levels at said first and second
measuring points during treatment of the workpiece, and
discontinuing treatment of said workpiece when a change of
either of said pressure levels indicates a velocity of the
particles being transported through said hose that is other
than the desired velocity.

2. Shot peening method as claimed in claim 1, wherein
said method includes the step of inspecting said transport
hose and nozzle before treatment of said workpiece is
initiated without disassembly of the transport hose and
nozzle.

3. Shot peening method as claimed in claim 1, wherein
said method includes the step of inspecting the transport
hose and nozzle before treatment of the work piece is
initiated supplying compressed gas to said transport hose
through said inlet without conveying shot into said transport
hose, and comparing the pressure levels at said first and
second measuring points with predetermined norms indica-
tive of a hose and nozzle in satisfactory condition.

4. Shot peening method as claimed in claim 1, wherein
said first measuring point is at the entrance to said nozzle.

5. Shot peening method comprising the steps of convey-
ing shot into a first transport hose at a predetermined mass
flow rate, supplying gas under pressure to a second transport
hose through an inlet opening, discharging said shot from
said first hose through a nozzle directed at a workpiece being
treated, discharging compressed air from said second hose
through said nozzle to both accelerate said shot through said
nozzle and to create suction within said first hose to draw
shot into said nozzle, determining from a look-up table the
pressure levels at a first measuring point in said first hose
and in said second hose at a second measuring point required
to establish a desired shot velocity at said predetermined
shot mass flow rate, controlling the pressure of said gas
supplied to said second hose to establish said pressure levels
at said first and second measuring points representing said
desired shot velocity of shot being discharged through said
nozzle, monitoring the pressure levels at said first and
second measuring points during treatment of the workpiece,
and discontinuing treatment of said workpiece when a
change of either of said pressure levels indicates a velocity
of the particles being discharged through said nozzle that is
other than the desired velocity.

6. Shot peening method as claimed in claim 5, wherein
said method includes the steps of inspecting the first and
second transport hoses before treatment of the workpiece is
initiated by supplying compressed gas to said second trans-
port hose without conveying shot in said first transport hose,
and comparing the pressure levels at said first and second
measuring points with predetermined norms indicative of
said nozzle and said first and second hoses being in satis-
factory condition.
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7. Shot peening method as claimed in claim 5, wherein
said method includes the steps of conveying compressed air
from said second transport hose through primary and sec-
ondary orifices of said nozzle and using suction created by
compressed air conveyed through said secondary orifice to
draw shot through said first transport hose, and accelerating
shot drawn into the nozzle by said compressed air flowing
through the primary and secondary sections of the nozzle.

8. Shot peening method comprising the steps of convey-
ing shot into a first transport hose at a predetermined mass
flow rate, supplying gas under pressure to a second transport
hose, discharging said shot and said gas under pressure
through a nozzle connected to both said first and second
hoses and directed at a workpiece being treated to both
accelerate said shot through said nozzle and to create suction
within said first hose to draw shot into said nozzle, measur-
ing the pressure level in said first hose at a first measuring
point and in said second hose at a second measuring point,
controlling the pressure of said gas supplied to said second
hose to establish predetermined pressure levels at said first
and second measuring points representing a desired velocity
of shot being conveyed through said nozzle, discontinuing
treatment of said workpiece when a change of either of said
pressure levels indicates a velocity of the shot discharged
through said nozzle that is other than the desired velocity,
and inspecting the first and second hoses and nozzle before
treatment of the work piece is initiated by supplying com-
pressed gas to said second hose through said inlet without
conveying shot into said first hose, and comparing the
pressure levels at said first and second measuring points with
predetermined norms indicative of a hose and nozzle in
satisfactory condition.

9. Shot peening method as claimed in claim 8, wherein
said method includes the steps of conveying compressed air
from said second transport hose through primary and sec-
ondary orifice of said nozzle and using suction created by
compressed air conveyed through said secondary orifice to
draw shot through said first transport hose, and accelerating
shot drawn into the nozzle by said compressed air flowing
through the primary and secondary sections of the nozzle.

10. Shot peening method comprising the steps of convey-
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ing shot into a first transport hose at a predetermined mass
flow rate, supplying gas under pressure to a second transport
hose through an inlet opening, discharging said shot and said
gas under pressure through a nozzle connected to both said
first and second hoses and directed at a workpiece being
treated, generating a table relating values of shot velocities
for given values of shot flow rates to the pressure levels in
said first hose at a first measuring point and in said second
hose at a second measuring point, determining from said
table the pressure levels at said first measuring point and at
said second measuring point required to establish a desired
velocity at said predetermined shot mass flow rate, control-
ling the pressure of said gas supplied to said second hose to
establish said pressure levels at said first and second mea-
suring points representing said desired shot velocity of shot
being conveyed through said nozzle, monitoring the pres-
sure levels at said first and second measuring points during
treatment of the workpiece, and discontinuing treatment of
said workpiece when a change of either of said pressure
levels indicates a velocity of the particles being transported
through said nozzle that is other than the desired velocity.

11. Shot peening method as claimed in claim 10, wherein
said method includes the steps of inspecting the first and
second transport hoses before treatment of the workpiece is
initiated by supplying compressed gas to said second trans-
port hose without coniveying shot in said first transport hose,
and comparing the pressure levels at said first and second
measuring points with predetermined norms indicative of
said nozzle and said first and second hoses being in satis-
factory condition.

12. Shot peening method as claimed in claim 10, wherein
said method includes the steps of conveying compressed air
from said second transport hose through primary and sec-
ondary orifices of said nozzle and using suction created by
compressed air conveyed through said secondary orifice to
draw shot through said first transport hose, and accelerating
shot drawn into the nozzle by said compressed air flowing
through the primary and secondary sections of the nozzle.
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