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APPARATUS FOR DETECTING INTENSITY
OF SHOT PEENING AND REPLACEMENT
UNIT FOR THE APPARATUS

FIELD OF THE INVENTION

This invention relates to an apparatus that can detect the
intensity of shot peening while the peening is being
performed, and it also relates to a replacement part or unit
for the apparatus.

DESCRIPTION OF THE PRIOR ART

Conventionally, the degree to which shot peening is
performed is measured by a method of observing the aver-
age projection intensity of shot or a method of observing the
projection density of shot. In the method of observing the
projection intensity of shot, a piece of thin steel plate bends
back when a shot collides with it, and the height of the bend
(the height of the arc) is measured by a gage. In the method
of examining the projection density of shot, the shot are
projected onto a piece of thin steel plate and a picture of the
dents formed in the steel plate by the shot is taken to observe
the rate (or the coverage) of the dents.

However, since in both methods the steel plate is taken out
to observe it after the shot peening is performed, they are not
available if the shot peening is performed while the amount
of the shot is being observed, so as to perform it under the
optimum conditions, although they are suitable for prede-
termining the conditions for projecting the shot.

Thus the applicant discloses a device for detecting the
intensity of shot peening, which is described in JP 4-19071
A. The device comprises a shot collision propagating
member, which is structured as one body or connected parts
of a shot collision portion for generating an elastic wave
when a shot collides with it and a propagating portion for
propagating the generated elastic wave; an outer case of a
U-shaped cross section which the shot collision propagating
member bridges and is fixed to; a transducer connected to
the shot collision propagating member for receiving the
propagating elastic wave and converting it to high frequency
signals to output them; and a measuring circuit including a
counter circuit connected to the transducer for detecting the
number of generated solitary waves of the high frequency
signals and a peak value detecting circuit for detecting the
peak values of the solitary waves of the high frequency
signals.

However, the device is large and it is difficult to use in
some cases. Further, its portability and work efficiency are
poor.

Further, since the recent, popular shot peening by fine shot
(for example, 20-150 um in diameter) uses a great number
of shot, the device discussed above cannot treat the signals
of each collision as a solitary wave. Thereby it fails to
measure the intensity of the shot peening. In view of this
problem, the applicant discloses (in JP2000-94330 A) a
device for automatically detecting the intensity of shot
peening that uses fine shot. However, in these conventional
devices for detecting the intensity of shot peening, the output
from them tends to be changed, or affected, due to any
change in temperature, and the maintenance of them takes
much time. As a result of keenly studying these problems,
the inventors have conceived the present invention.

SUMMARY OF THE INVENTION

The present invention has been conceived in view of these
problems. The purpose of it is to provide an apparatus for
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automatically detecting the amount and the intensity of shot
during shot peening, and which is portable and works
effectively. Another purpose of it is to provide a replacement
unit for the apparatus, for which unit the initial setting and
maintenance are easy.

To attain the above end, the apparatus of the present
invention is an improved apparatus for detecting the inten-
sity of shot peening by detecting at least one of the number
of shot that have collided with the apparatus and the inten-
sity of the colliding shot, comprising a box-like case having
an opening at its top; a first resilient member disposed under
the top of the case; a hollow supporting member resiliently
supported in the case between the first resilient member and
a second resilient member which is mounted in the case, the
hollow supporting member including a third resilient mem-
ber mounted therein; a shot collision propagating member
supported by the hollow supporting member to close the
opening of the top of the box-like case by way of the first
resilient member, the shot collision propagating member
producing and propagating an elastic wave when colliding
with a shot; a transducer, for receiving the propagating
elastic wave from the shot collision propagating member
and converting the elastic wave to high frequency signals,
disposed in the hollow supporting member and resiliently
supported by the third resilient member such that a top
surface of the transducer contacts a lower surface of the shot
collision propagating member; and a cable passing through
the hollow supporting member so as to be connected at one
end to the transducer and to be connected at the other end to
a measuring circuit.

To attain the above end, the replacement unit for the
apparatus includes the hollow supporting member including
the third resilient member, the transducer, and the shot
collision propagating member.

According to the apparatus of the present invention, the
amount and the mean projection intensity of shot can be
detected during shot peening without being affected by the
temperature. Further, the apparatus has advantages in port-
ability and working efficiency.

The inventors have found that the reason for the change
in the output of the conventional device for detecting the
intensity of shot peening, in particular, for the change when
fine shot are used, is that an adhesive is used between the
contacting surfaces of the shot collision propagating mem-
ber and the transducer. Thus, to avoid any effect of the
temperature, they chose the surface contact by using a
resilient support. The reason that the maintenance takes
much time is that there are problems such as the contacting
surfaces peeling off during the maintenance because of the
adhesive being used between them.

Further, by using the replacement unit of the invention,
maintaining the apparatus will be easy, since the mainte-
nance requires that only the unit be tested.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a partially cross-sectional-view of an embodi-

ment of the apparatus of the present invention.

FIG. 2 is a block diagram of a measuring circuit used in
the apparatus shown in FIG. 1.

FIG. 3 is a graph showing the relationship between the
mean output and the momentum of the shot collision.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

In this invention, shot denotes projectiles, of any size and
any material, used for shot peening or shot blasting. A
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box-like case denotes a case having a cavity therein. It can
be of any box-like shape, as, for example, a square or
polygonal column, a Cylindrical column, or a parallelepi-
ped. Further, the opening of the case is preferably circular,
for easy machining, but it may be of any other shape. If the
size of the opening is in the range of 20-10 mm in diameter,
that is especially suitable for evaluating the partial peening
ability.

The reason for resiliently supporting the supporting
member, the shot collision propagating member, and the
transducer by the first, second, and third resilient members
is to propagate elastic waves caused by just the collisions of
shot with the shot collision propagating member. If the
second resilient member is a great-load deformable resilient
member, and if the third resilient member is a small-load
deformable resilient member relative to it, that is an advan-
tage in that stable measuring is performed. If both the second
and third resilient members are coil springs, they can be
easily replaced for stable measuring.

The supporting or hollow supporting member denotes a
member that supports the shot collision propagating member
or the transducer or both. Any material may be used for it.
If the shot collision propagating member is made of super
hard material, ceramic, heat-treated metal (for example tool
steel high-speed steel, and die steel), or heat-treated non-
ferrous metal (for example, an aluminum alloy), it would be
abrasion resistant and would have a long life. The transducer
can be of any type as long as it can quickly and successively
convert elastic waves, which generate at very short time
intervals (for example, 5 ms), to electrical signals. It may be
a piezoelectric element such as an AE sensor, a crystal, or a
lithium sulfate; an electrostrictive element such as a barium
titanate or a zircon lead titanate; a high frequency converting
element made by deposition; or the like.

The term “cable passing through the supporting member”
denotes that the measuring circuit that is connected to the
cable is located outside the supporting member. The mea-
suring circuit may be any one of the various circuits that will
be described below. The reason that the contacting surfaces
of the transducer and the shot collision propagating member
contact each other without using an adhesive is to exclude
the effect of the temperature as much as possible. If the
contacting surfaces have a mean roughness of 3 um or less,
the generated elastic waves would propagate well. If the
mean roughness of the contacting surfaces were greater than
3 um, good contacting surfaces would not be formed for
good propagation, and stable measurements would not be
obtained.

By making the size of the apparatus so that it can be
portable, its work efficiency becomes good. If the case is
made of steel, a metal composite, ceramic, or a plastic
composite, the transducer and the cable would be protected
from the shot. The material for the case may be of any
material, as long as it is durable against the impulses of the
shot. If the case is made of one of the materials discussed
above, it is advantageous in machining, and in its availabil-
ity in the market.

The embodiment of the apparatus of the present invention
is now explained by reference to the accompanying draw-
ings. In FIG. 1 the device for detecting the intensity of shot
peening has a case 1 provided with an opening formed in its
top. A first resilient member 2, which is, for example, a
rubber spring, or a rubber vibration insulator, is disposed
under the top of the case 1, while a second resilient member
3 is mounted in the case 1 at its lower part. A hollow
supporting member 4 is resiliently supported in the case 1
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between the first resilient member 2 and the second resilient
member 3. A shot collision propagating member 5 is sup-
ported by the supporting member 4 and the first resilient
member 2 such that the members 5 and 2 close the opening.
The case is structured such that one part of it can be
separated from the remaining part.

The shot collision propagating member 5 has a part that
receives shot S and generates elastic waves and another part
that propagates the generated elastic waves. A third resilient
member 6 is mounted in the hollow supporting member 4,
in which a transducer 7 is resiliently supported by the third
resilient member 6 through an intermediate portion 4C such
that the top surface of the transducer 7 contacts the bottom
surface of the shot collision propagating member 5. The
transducer receives the elastic waves, converts them to high
frequency signals, and outputs the signals. The transducer 7
is electrically connected to a measuring circuit (which is
shown in FIG. 2) through a cable 8, which passes through
the hollow supporting member. The shot collision propagat-
ing member 5 is made of antifriction material, and its upper
and lower surfaces are polished. Further, the top surface of
the transducer 7 has a roughness of 3 um or less.

The measuring circuit as shown in FIG. 2 is now
explained. The distal end of the cable 8 is connected,
through an amplifier 11, to an output reading circuit 10 for
reading output values of the high frequency signals. The
output reading circuit 10 reads the output values per time
interval T1 (for example, 200 us), and a memory circuit 12,
which is connected to the output reading circuit 10, stores
the output values sent from the circuit 10 per time interval
T1. A mean output arithmetic circuit 13 reads the output
values stored in the memory per time interval T2 (for
example, 0.2 s) and calculates the mean output value of the
output values. The mean output values per time interval T2
are stored in a memory circuit 14, which is connected to the
mean output arithmetic circuit 13.

The method for calculating the mean output value sizes all
the output values in descending order, deletes some first
(large) output values, selects some first output values from
the remaining output values, and then calculates the mean
output value of the selected output values. However, another
method may be used. It calculates the mean output value of
all the output values, selects as the mean output value an
output value that appears most frequently, or selects as the
mean output value the center of gravity of the area of the
frequency distribution of the output values.

The distal end of the cable 8 is also connected, through the
amplifier 11, to a frequency analyzing circuit 15 that ana-
lyzes the frequency of the high frequency signals. The
frequency analyzing circuit 15 reads the frequency per time
interval T1, and a memory circuit 16 stores the values of the
frequency per time interval T1. A mean frequency arithmetic
circuit 17 which is connected to the memory circuit 16, reads
the values of the frequency from it per time interval T2 and
calculates the mean frequency value of the values. This
mean frequency value per time interval T2 is stored in a
memory circuit 18, which is connected to the mean fre-
quency arithmetic circuit 17.

The method for calculating the mean frequency value
selects as the mean frequency value a frequency value that
appears most frequently. However, another method may be
used. It calculates the mean frequency value of all the
frequency values, selects as the mean frequency value the
center of gravity of the area of the frequency distribution of
the frequency values, or calculates the mean frequency value
in a manner similar to that for calculating the mean output
value as discussed above.
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The data on the mean output value per time interval T2
stored in the memory circuit 14 and on the mean frequency
value per time interval T2 stored in the memory circuit 18
are sent to an output correction circuit 19, which is con-
nected to both the memory circuits 14 and 18. The output
correction circuit 19 corrects each mean output value by a
corresponding mean frequency value and sends the data on
the corrected output value to a computer 20. In this correc-
tion the output properties of the transducer 7 relating to the
frequency were previously stored in the output correction
circuit 19, and by using the properties the mean output value
was corrected.

The relationship of the mean output, which has been
obtained as discussed above, and the momentum of the shot
collision, is shown in FIG. 3. From it, it is observed that a
characteristic equation is obtained that shows the relation-
ship between the momentum of the shot collision and the
mean output. It is found that similar measurements are
obtained even when the circuits 15, 16, 17, 18, and 19 are
excluded, wherein the mean output per time interval T2 is
not corrected and the data on it is sent directly to the
computer 20.

The elements located between the first and third resilient
member, namely, the hollow supporting member 4, includ-
ing the second resilient member 6, the transducer 7, and the
shot collision propagating member 5, are combined as a
replacement unit. This unit provides easy maintenance for
the apparatus, since only the initial setting, replacement, and
maintenance per unit are required. The hollow supporting
member 4 is structured, as in FIG. 1, by a lower portion 4A
and an upper portion 4B, between which the third resilient
member 6 is resiliently supported. This structure provides
the replacement unit. Conventionally, individual members
are tested and then combined, and the combined elements, as
a device for detecting the intensity of shot peening, are
tested. Thus much time is consumed.

The embodiment explained above is exemplary only. One
skilled in the art can understand that any changes and
modifications can be made. Such changes and modifications
are intended to be included within the scope of the present
invention.

What we claim is:

1. An improved apparatus for detecting an intensity of
shot peening by detecting at least one of the number of shot
that have collided with the apparatus and an intensity of the
colliding shot, comprising:

a box-like case having an opening at a top thereof;

a first resilient member disposed under the top of the case;

a hollow supporting member resiliently supported in the

case between the first resilient member and a second

resilient member which is mounted in the case, the
hollow supporting member including a third resilient
member mounted therein;

a shot collision propagating member supported by the
hollow supporting member to close the opening of
the top of the box-like case by way of the first
resilient member, the shot collision propagating
member producing and propagating an elastic wave
when colliding with a shot;

a transducer, for receiving the propagating elastic wave
from the shot collision propagating member and
converting the elastic wave to high frequency
signals, disposed in the hollow supporting member
and resiliently supported by the third resilient mem-
ber such that a top surface of the transducer contacts
a lower surface of the shot collision propagating
member; and
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a cable passing through the hollow supporting member
so as to be connected at one end to the transducer and
to be connected at the other end to a measuring
circuit.

2. The apparatus of claim 1, wherein the second resilient
member is a great-load deformable resilient member, and the
third resilient member is a small-load deformable resilient
member.

3. The apparatus of claim 2, wherein both the second and
third resilient members are coil springs.

4. The apparatus of any one of claims 1 to 3, wherein the
top surface of the transducer directly contacts the lower
surface of the shot collision propagating member without
using an adhesive on the contacting surfaces.

5. The apparatus of any one of claims 1 to 3, wherein
contacting surfaces of the top surface of the transducer and
the lower surface of the shot collision propagating member
that contact each other have an average roughness of 3 um
or less.

6. An improved apparatus for detecting an intensity of
shot peening by detecting at least one of the number of shot
that have collided with the apparatus and an intensity of the
colliding shot, comprising:

a box-like case having an opening at a top thereof;

a resilient member disposed under the top of the case;

a supporting member resiliently supported in the case
between the resilient member and a great-load deform-
able coil spring which is mounted in the case, the
supporting member having a lower portion and a
hollow, upper portion, the hollow, upper portion includ-
ing a small-load deformable coil spring mounted
therein and an intermediate supporting portion
mounted on the small-load deformable coil spring;

a shot collision propagating member mounted in the
hollow, upper portion of the supporting member to
close the opening of the top of the box-like case by way
of the resilient member, the shot collision propagating
member producing and propagating an elastic wave
when a shot collides with the resilient member;

a transducer, for receiving the propagating elastic wave
from the shot collision propagating member and con-
verting the elastic wave to high frequency signals,
disposed in the hollow, upper portion and resiliently
supported by the small-load deformable coil spring
through the intermediate supporting portion such that a
top surface of the transducer contacts a lower surface of
the shot collision propagating member; and

a cable passing through the supporting member to be
connected at one end to the transducer and to be
connected at the other end to a measuring circuit.

7. An improved apparatus for detecting an intensity of
shot peening by detecting at least one of the number of shot
that have collided with the apparatus and an intensity of the
colliding shot, comprising:

a box-like case having a circular opening of 20 mm-10

mm in diameter at a top thereof;

a first resilient member disposed under the top of the case;

a hollow supporting member resiliently supported in the
case between the first resilient member and a second
resilient member which is mounted in the case, the
hollow supporting member including a third resilient
member mounted therein;

a shot collision propagating member supported by the
hollow supporting member to close the opening of
the top of the box-like case by way of the first
resilient member, the shot collision propagating



US 6,640,596 B2

7

member producing and propagating an elastic wave
when colliding with a shot;

a transducer, for receiving the propagating elastic wave
from the shot collision propagating member and
converting the elastic wave to high frequency
signals, disposed in the hollow supporting member
and resiliently supported by the third resilient mem-
ber such that a top surface of the transducer contacts
a lower surface of the shot collision propagating
member; and

a cable passing through the hollow supporting member
so as to be connected at one end to the transducer and
to be connected at the other end to a measuring
circuit,

wherein the apparatus is of a size so as to be carried by just
one hand.

8. The apparatus of claim 7, wherein the case is made of
a material selected from steel, a metal composite, ceramic,
and a plastic composite.

9. The apparatus of claim 7 or 8, wherein the shot
collision propagating member is made of a material selected
from superhard material, ceramic, heat-treated metal, and
heat-treated non-ferrous metal.

10. The apparatus of claim 1, further comprising the
measuring circuit, wherein the measuring circuit includes an
output reading circuit connected to the transducer for read-
ing an output of the high frequency signals from the trans-
ducer per time interval T1; a memory circuit connected to
the output reading circuit for storing the output of the high
frequency signals; an arithmetic circuit connected to the
memory circuit for reading per time interval T2 (T2>>T1)
each output stored in the memory circuit and for calculating
a mean output of the read outputs; and a memory circuit for
storing the calculated mean output of the high frequency
signals.

11. The apparatus of claim 6, further comprising the
measuring circuit, wherein the measuring circuit includes an
output reading circuit connected to the transducer for read-
ing an output of the high frequency signals from the trans-
ducer per time interval T1; a memory circuit connected to
the output reading circuit for storing the output of the high
frequency signals; an arithmetic circuit connected to the
memory circuit for reading per time interval T2 (T2>>T1)
each output stored in the memory circuit and for calculating
a mean output of the read outputs; and a memory circuit for
storing the calculated mean output of the high frequency
signals.

12. The apparatus of claim 7, further comprising the
measuring circuit, wherein the measuring circuit includes an
output reading circuit connected to the transducer for read-
ing an output of the high frequency signals from the trans-
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ducer per time interval T1; a memory circuit connected to
the output reading circuit for storing the output of the high
frequency signals; an arithmetic circuit connected to the
memory circuit for reading per time interval T2 (T2>>T1)
each output stored in the memory circuit and for calculating
a mean output of the read outputs; and a memory circuit for
storing the calculated mean output of the high frequency
signals.

13. The apparatus of any one of claims 10-12, further
comprising a frequency analyzing circuit connected to the
transducer for reading a frequency of the high frequency
signals from the transducer per time interval T1 and for
analyzing the frequency; a memory circuit connected to the
frequency analyzing circuit for storing the frequency of the
high frequency signals; an arithmetic circuit connected to
the memory circuit for storing the frequency, for reading per
time interval T2 (T2>>T1) each frequency stored in the
memory circuit for storing the frequency and for calculating
a mean frequency of the read frequencies; a memory circuit
for storing the calculated mean frequency of the high
frequency signals; and an output correction circuit con-
nected to the memory circuit for storing the calculated mean
frequency, for correcting the mean output of the time inter-
val T2 by the corresponding mean frequency.

14. A replacement unit to be used in an improved appa-
ratus that detects an intensity of shot peening by detecting at
least one of the number of shot that have collided with the
apparatus and an intensity of the colliding shot, the appa-
ratus comprising a box-like case having an opening at a top
thereof; a first resilient member disposed under the top of the
case; a hollow supporting member resiliently supported in
the case between the first resilient member and a second
resilient member which is mounted in the case, the hollow
supporting member including a third resilient member
mounted therein; a shot collision propagating member sup-
ported by the hollow supporting member to close the open-
ing of the top of the box-like case by way of the first resilient
member, the shot collision propagating member producing
and propagating an elastic wave when colliding with a shot;
and a transducer, for receiving the propagating elastic wave
from the shot collision propagating member and converting
the elastic wave to high frequency signals, disposed in the
hollow supporting member and resiliently supported by the
third resilient member such that a top surface of the trans-
ducer contacts a lower surface of the shot collision propa-
gating member, the replacement unit comprising the hollow
supporting member including the third resilient member, the
transducer, and the shot collision propagating member.



