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An apparatus for measuring for measuring coefficient of
restitution which is capable of reducing a mass effect and
performing tests in free directions, is disclosed. The appa-
ratus for measuring coefficient of restitution includes a
holder for holding a spherical indenter, an ejection mecha-
nism configured to eject the indenter held by the holder from
the holder to a specimen, a speed measuring unit configured
to measure an impact speed that is a speed of the indenter
before the indenter impacts against the specimen, and a
rebound speed that is a speed of the indenter after the
indenter is rebounded from the specimen; and an arithmetic
unit configured to calculate a coefficient of restitution that is
a ratio of the rebound speed to the impact speed.
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APPARATUS FOR MEASURING
COEFFICIENT OF RESTITUTION AND
HARDNESS TESTER

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This document claims priorities to Japanese Patent
Application No. 2015-217868 filed Nov. 5, 2015 and Japa-
nese Patent Application No. 2016-043386 filed Mar. 7, 2016,
the entire contents of which are hereby incorporated by
reference.

BACKGROUND

[0002] Rebound hardness tests have been used to measure
the hardness of specimen, particularly metal material. In the
rebound hardness test, generally, an impactor which is
constructed by an indenter made of a hard material such as
diamond or the like and an indenter support member to
which the indenter is secured, is impacted against the surface
of'the specimen, and a rebound height or a rebound speed of
the impactor that has been rebounded from the specimen is
measured to thereby measure the hardness of the specimen.
Such rebound hardness tests include the Shore hardness test
and the Leeb hardness test.

[0003] The Shore hardness test, which is specified as a
rebound hardness test in JIS (Japanese Industrial Standards),
is a hardness testing method in which a hammer serving as
the impactor freely drops from a predetermined height (drop
height) onto a specimen, and the rebound height represent-
ing a maximum point reached by the hammer that has been
rebounded from the specimen is measured (see JIS B
7727:2000 “Shore hardness test—Verification of testing
machines”). In the Shore hardness test, the hammer is the
impactor and includes an indenter and an indenter support
member to which the indenter is secured. The Shore hard-
ness is obtained by multiplying a ratio of the rebound height
to the drop height of the hammer by a predetermined
proportionality constant.

[0004] The Leeb hardness test is a hardness testing method
in which an impact body serving as the impactor is ejected
toward a specimen by a spring, and an impact speed of the
impact body before impacting against the specimen and a
rebound speed of the impact body when impacting against
the specimen and rebounded therefrom (i.e., the speed of the
impact body after impacting against the specimen) are
measured (see U.S. Pat. No. 4,034,603). In the Leeb hard-
ness test, the impact body is an impactor and includes an
indenter and an indenter support member to which the
indenter is secured. In the Leeb hardness test, a ratio of the
rebound speed of the impact body to the impact speed of the
impact body serving as the impactor is measured as a
coeflicient of restitution. The Leeb hardness is obtained by
multiplying the coefficient of restitution by a predetermined
proportionality constant.

[0005] The rebound hardness tests, which are typified by
the Shore hardness test and the Leeb hardness test, are
advantageous in that testing of the hardness can be simply
and quickly performed, compared with indentation hardness
tests such as the Rockwell hardness test and the Vickers
hardness test. Furthermore, testers for use in the rebound
hardness tests are advantageous in that they have a simple
structure and excellent portability, compared with testers for
use in the indentation hardness tests.
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[0006] However, a mass of the hammer for use in the
Shore hardness test, and a mass of the impact body for use
in the Leeb hardness test are comparatively large. For
example, the mass of the hammer of a D-type Shore hard-
ness tester is 36.2 g and the mass of the impact body of the
Leeb hardness tester is 5.45 g. When the hardness of a small
and light specimen is measured using such hammer or
impact body, only a hardness value lower than the true
hardness value of this specimen may be obtained.

[0007] The reason of this is that the kinetic energy of the
impactor (i.e., the hammer or the impact body including the
indenter and the indenter support member) which impacts
against the small and light specimen is consumed by not
only plastic deformation and elastic deformation of the
specimen, but also vibrations or the like, of the specimen,
resulting in the measurement of a rebound height or a
rebound speed which is smaller than the rebound height or
the rebound speed to be measured normally. This phenom-
enon, i.e., the phenomenon that a smaller rebound height or
rebound speed than the rebound height or rebound speed to
be measured normally, is measured as a result of the
consumption of the kinetic energy of the impactor by
vibration or the like, of the specimen, will be referred to as
“mass effect” in the present specification.

[0008] If the mass effect occurs when the hardness of the
specimen is measured, a correct hardness of the specimen
cannot be obtained. Therefore, when the hardness of a
specimen having a mass of 4 kg or less is to be measured by
the Shore hardness test, it is necessary to perform the test
while the specimen is firmly secured to a dedicated steel
anvil having a sufficiently large mass. In the Leeb hardness
test, a dedicated anvil is not prepared. Thus, when the
hardness of the small and light specimen is to be measured
by the Leeb hardness test, it is necessary for the user to
prepare an appropriate support having a sufficiently large
mass, and firmly secure the specimen to the support using a
dedicated paste. Specifically, there have been restrictions on
the size and mass of the specimen to be tested when its
hardness is to be correctly measured by conventional
rebound hardness testers.

[0009] In the Shore hardness test, since it is necessary to
measure the rebound height after the hammer has dropped
freely from a predetermined drop height to impact with the
specimen, the testing direction of the Shore hardness test is
limited to a vertical direction. On the other hand, in the Leeb
hardness test, the impact body is ejected toward the speci-
men by the spring, and the coefficient of restitution which
represents the ratio of the rebound speed of the impact body
to the impact speed thereof before the impact body impacts
against the specimen is measured. Accordingly, the Leeb
hardness test is capable of measuring, in a free direction, the
coefficient of restitution and the hardness based on the
coeflicient of restitution.

[0010] According to the hardness testing method, such as
the Leeb hardness test, in which an impactor is ejected by the
spring to measure the coeflicient of restitution of the speci-
men and this coefficient of restitution is used as an index for
evaluating the hardness of the specimen, the hardness test
can be performed while the tester is oriented in a free
direction. However, when the specimen to measure the
hardness is small and light, the mass effect occurs even in the
Leeb hardness test. Therefore, there have been demands for
an apparatus for measuring coefficient of restitution and a
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hardness tester which are capable of reducing the mass effect
and performing tests in free directions.

SUMMARY OF THE INVENTION

[0011] According to embodiments, there are provided an
apparatus for measuring coeflicient of restitution and a
hardness tester which are capable of reducing the mass effect
and performing tests in free directions.

[0012] Embodiments, which will be described below,
relate to an apparatus for measuring coeflicient of restitution
that is used as an index for evaluating hardness of a
specimen. The below-described embodiments further relate
to a hardness tester for measuring hardness of a specimen.
[0013] In an embodiment, there is provided an apparatus
for measuring coefficient of restitution, including: a holder
for holding a spherical indenter; an ejection mechanism
configured to eject the indenter held by the holder from the
holder to a specimen; a speed measuring unit configured to
measure an impact speed that is a speed of the indenter
before the indenter impacts against the specimen, and a
rebound speed that is a speed of the indenter after the
indenter is rebounded from the specimen; and an arithmetic
unit configured to calculate a coefficient of restitution that is
a ratio of the rebound speed to the impact speed.

[0014] In an embodiment, the holder has a tubular shape,
a front end of the holder is constituted of a plurality of
divided portions by forming slits extending parallel to an
axis of the holder, and the holder holds a circumferential
surface of the indenter at the divided portions.

[0015] In an embodiment, the ejection mechanism
includes an inner cylinder with a through hole formed
therein, an outer cylinder having an inner circumferential
surface slidably supported by an outer circumferential sur-
face of the inner cylinder, an indenter pushing member
movable in the through hole, and a biasing spring which is
disposed between the outer cylinder and the indenter push-
ing member, and is compressed by movement of the outer
cylinder to apply a biasing force to the indenter pushing
member, and the outer cylinder has an ejection lever which
can engage with a groove formed on an outer surface of the
indenter pushing member.

[0016] In an embodiment, the indenter pushing member is
a striker which collides with the indenter held by the holder.
[0017] In an embodiment, the indenter pushing member is
a piston rod which applies an air pressure to the indenter
held by the holder.

[0018] In an embodiment, the speed measuring unit
includes a speed measuring body having an indenter channel
which is connected to the through hole, and a first passage
sensor and a second passage sensor which are arrayed along
the indenter channel.

[0019] In an embodiment, the first passage sensor and the
second passage sensor are optical sensors.

[0020] In an embodiment, the speed measuring unit fur-
ther includes a third passage sensor, the first passage sensor,
the second passage sensor, and the third passage sensor are
arrayed along the indenter channel, and the arithmetic unit
calculates an acceleration of the indenter from a speed of the
indenter passing between the first passage sensor and the
second passage sensor, and a speed of the indenter passing
between the second passage sensor and the third passage
sensor, and further calculates an impact speed at the instant
at which the indenter impacts against the specimen, and a
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rebound speed at the instant at which the indenter is
rebounded from the specimen.

[0021] In an embodiment, the first passage sensor, the
second passage sensor, and the third passage sensor are
optical sensors.

[0022] In an embodiment, the speed measuring unit
includes a speed measuring body having an indenter channel
which is connected to the through hole, and a first passage
sensor and a second passage sensor which are arrayed along
the indenter channel, the first passage sensor is an optical
sensor having a first light emitter and a first light receiver,
the second passage sensor is an optical sensor having a
second light emitter and a second light receiver, the first light
emitter emits light through a first optical fiber into the
indenter channel, and the first light receiver receives the
light emitted into the indenter channel through a second
optical fiber, the second light emitter emits light through a
third optical fiber into the indenter channel, and the second
light receiver receives the light emitted into the indenter
channel through a fourth optical fiber.

[0023] In an embodiment, the speed measuring unit
includes a speed measuring body having an indenter channel
which is connected to the through hole, and a first passage
sensor which is disposed in the indenter channel, the arith-
metic unit detects a detection starting point of time of the
indenter at the first passage sensor and a detection ending
point of time of the indenter at the first passage sensor, and
the arithmetic unit calculates the impact speed and the
rebound speed by dividing a diameter of the indenter by a
time between the detection starting point of time and the
detection ending point of time.

[0024] In an embodiment, the speed measuring unit
includes a speed measuring body having an indenter channel
which is connected to the through hole, and the speed
measuring body has a shutter mechanism which opens an
opening of the indenter channel when the speed measuring
unit contacts the specimen, and closes the opening of the
indenter channel when the speed measuring unit is separated
from the specimen.

[0025] In an embodiment, the shutter mechanism includes
a door disposed at the opening of the indenter channel, an
opening/closing rod whose front end projects from the speed
measuring body, and a link mechanism for converting move-
ment of the opening/closing rod into opening/closing move-
ment of the door.

[0026] In an embodiment, the speed measuring unit
includes a speed measuring body having an indenter channel
which is connected to the through hole, a 1id is fixed to a
front end of the speed measuring body, the lid having a lid
through hole which is connected to the indenter channel, and
the lid through hole has a diameter which is greater than 0.2
times a diameter of the indenter, and is smaller than the
diameter of the indenter.

[0027] Inan embodiment, a wall surface of the lid through
hole is forming in a curved surface, and a radius of curvature
of'the wall surface is greater than a radius of curvature of the
indenter.

[0028] In an embodiment, a vent hole extending from a
side surface of the speed measuring body to the indenter
channel, is formed in the speed measuring body.

[0029] In an embodiment, the indenter channel has a
diameter which is 1.4 times the diameter d of the indenter or
greater.
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[0030] In an embodiment, the speed measuring unit
includes a speed measuring body having an indenter channel
which is connected to the through hole, a coupling mecha-
nism for coupling the holder to the outer cylinder is further
provided, and when the outer cylinder moves toward the
speed measuring unit, the holder moves in the forward
direction in the indenter channel to hold the indenter which
exists in the indenter channel.

[0031] In an embodiment, the indenter is made of ceram-
ics.

[0032] In an embodiment, the indenter is a bearing ball
made of alumina.

[0033] In an embodiment, a diameter of the indenter is in
a range from 0.5 mm to 5 mm.

[0034] In an embodiment, there is provided a hardness
tester, comprising: a holder for holding a spherical indenter;
an ejection mechanism configured to eject the indenter held
by the holder from the holder to a specimen; a speed
measuring unit configured to measure an impact speed that
is a speed of the indenter before the indenter impacts against
the specimen, and a rebound speed that is a speed of the
indenter after the indenter is rebounded from the specimen;
and an arithmetic unit configured to decide hardness of the
specimen based on a ratio of the rebound speed to the impact
speed.

[0035] According to the above-described embodiments,
an impactor (object) that impacts against the specimen for
measuring the coeflicient of restitution is only the spherical
indenter. More specifically, the impactor that impacts against
the specimen does not include an indenter support to which
the indenter would be fixed, unlike the hammer for use in the
Shore hardness test and the impact body for use in the Leeb
hardness test, for example. As a result, since the mass of the
impactor (object) that impacts against with the specimen is
greatly reduced, the mass effect occurring when the coeffi-
cient of restitution is to be measured is greatly reduced,
thereby enabling the coefficient of restitution of the speci-
men to be correctly measured. Further, the spherical indenter
is held in the holder, and ejected from the holder toward the
specimen by the ejection mechanism. Therefore, since there
is no limitation on the direction in which the indenter is
ejected, the test can be performed in a free direction.
[0036] Further, according to the above-described embodi-
ments, an impactor (object) that impacts against the speci-
men for measuring the hardness is only the spherical
indenter. As a result, since the mass of the impactor (object)
that impacts against with the specimen is greatly reduced,
the mass effect occurring when the hardness is to be mea-
sured is greatly reduced, thereby enabling the hardness of
the specimen to be correctly measured.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] FIG.1 is a schematic cross-sectional view showing
an apparatus for measuring coefficient of restitution accord-
ing to an embodiment;

[0038] FIG. 2A is an enlarged side view showing a front
end of a holder;

[0039] FIG. 2B is a cross sectional view taken along line
C-C in FIG. 24,

[0040] FIG. 3 is a schematic cross-sectional view showing
a state in which a striker is pushed out in a forward direction
with use of a spring force of a biasing spring when a hook
of an ejection lever disengages from a groove of the striker;
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[0041] FIG. 4 is a schematic view showing an arrange-
ment of an electric circuit of a first optical sensor;

[0042] FIG. 5 is a schematic diagram illustrating a method
of measuring a passage time taken after an indenter has
passed the first optical sensor until the indenter passes the
second optical sensor;

[0043] FIG. 6 is a schematic view showing a state in which
the indenter is held in the holder again after a coefficient of
restitution has been measured;

[0044] FIG. 7 is a schematic cross-sectional view showing
an example of a speed measuring body that is provided with
a shutter mechanism;

[0045] FIG. 8Ais a view as viewed along arrows D in FIG.
7

[0046] FIG. 8B is a cross-sectional view taken along line
F-F of FIG. 8A;

[0047] FIG. 8C is a cross-sectional view taken along line
G-G of FIG. 8B;

[0048] FIG. 9Ais a view as viewed along arrows E in FIG.
7

[0049] FIG. 9B is a cross-sectional view taken along line
H-H of FIG. 94,

[0050] FIG. 10 is a schematic view showing a state in
which a first door and a second door are pivoted in directions
away from each other by a link mechanism, and thus an
opening of an indenter channel is opened;

[0051] FIG. 11 is a schematic view showing a state in
which the first door and the second door are brought into
abutment against each other by the link mechanism, and thus
the opening of the indenter channel is closed;

[0052] FIG. 12 is a schematic view showing the speed
measuring unit according to another embodiment;

[0053] FIG. 13 is an explanatory diagram illustrating a
method of determining, through calculations, the impact
speed at the instant at which the indenter impacts against a
surface of the specimen, and the rebound speed at the instant
at which the indenter is rebounded from the specimen;
[0054] FIG. 14 is a schematic view showing the speed
measuring unit according to still another embodiment;
[0055] FIG. 15 is a schematic cross-sectional view show-
ing the apparatus for measuring coefficient of restitution
according to another embodiment;

[0056] FIG. 16 is a schematic cross-sectional view show-
ing a state in which a piston rod is pushed out in the forward
direction with use of the spring force of the biasing spring
when the hook of the ejection lever disengages from a
groove of the piston rod;

[0057] FIG. 17 is a plan view of a standard block used in
experiment;
[0058] FIG. 18A is a graph indicating coefficients of

restitution in a case where standard blocks fixed to the steel
anvil were tested by the apparatus for measuring coeflicient
of restitution;

[0059] FIG. 18B is a graph indicating coefficients of
restitution in a case where standard blocks fixed to the wood
anvil were tested by the apparatus for measuring coeflicient
of restitution;

[0060] FIG. 19A is a graph indicating Shore hardnesses in
a case where standard blocks fixed to the steel anvil were
tested by the D-type Shore hardness tester;

[0061] FIG. 19B is a graph indicating Shore hardnesses in
a case where standard blocks fixed to the wood anvil were
tested by the D-type Shore hardness tester;
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[0062] FIG. 20A is a graph indicating Leeb hardnesses in
a case where standard blocks fixed to the steel anvil were
tested by the Leeb hardness tester;
[0063] FIG. 20B is a graph indicating Leeb hardnesses in
a case where standard blocks fixed to the wood anvil were
tested by the Leeb hardness tester;

[0064] FIG. 21A is a cross-sectional view showing an
example of a lid fixed to a front end of the speed measuring
body;
[0065] FIG.21B is a view as viewed along arrow 1 in FIG.
21A,
[0066] FIG. 22 is a schematic view showing an example of

a distribution of impact points S where the indenter impacts
against a surface of a specimen;

[0067] FIG. 23 is a cross-sectional view showing a modi-
fied example of the lid fixed to the front end of the speed
measuring body; and

[0068] FIG. 24 is a cross-sectional view showing another
modified example of the lid fixed to the front end of the
speed measuring body.

DESCRIPTION OF EMBODIMENTS

[0069] Embodiments will be described below with refer-
ence to the accompanying drawings.

[0070] FIG.1 is a schematic cross-sectional view showing
an apparatus 1 for measuring coefficient of restitution
according to an embodiment. For convenience in descrip-
tion, in the present specification, the direction indicated by
arrow A shown in FIG. 1 is defined as a forward direction,
and the direction indicated by arrow B is identified as a
backward direction.

[0071] The apparatus 1 for measuring coefficient of resti-
tution shown in FIG. 1 has a holder 3 for holding a spherical
indenter 2, an ejection mechanism 5 for ejecting the indenter
2 held by the holder 3 from this holder 3 toward a specimen
8, a speed measuring unit 6 for measuring an impact speed
which represents the speed of the indenter 2 before the
indenter 2 impacts against the specimen 8 and a rebound
speed of the indenter 2 after the indenter 2 impacts against
the specimen 8 and rebounds therefrom, and an arithmetic
unit 7 for calculating a coefficient of restitution which
represents the ratio of the rebound speed to the impact speed.
The arithmetic unit 7 is disposed in a display unit 10 having
a display 10a for displaying the coefficient of restitution
calculated by the arithmetic unit 7.

[0072] The holder 3 shown in FIG. 1 has a hollow cylin-
drical shape. As shown in FIGS. 2A and 2B, the front end of
the holder 3 is constituted of a plurality of divided portions
3a by forming slits 35 extending parallel to the axis of the
holder 3. In the illustrated example, the front end of the
holder 3 is constituted of four divided portions 45 by four
slits 3b. The front end of the holder 3 may be constituted of
three or less divided portions 3a or five or more divided
portions 3a. The diameter of the inner circumferential sur-
face of the holder 3 is slightly smaller than the diameter of
the spherical indenter 2, so that when the front end of the
holder 3 is pressed against the indenter 2, the divided
portions 3a are slightly spread in an outer circumferential
direction of the holder 3 and an outer circumferential surface
of the indenter 2 is held by the plurality of divided portions
3a.

[0073] The shape of holder 3 is not limited to the hollow
cylindrical shape, but may be of a tubular shape. For
example, the holder 3 may have a polygonal tubular shape
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such as a square tubular shape, a pentagonal tubular shape,
or the like. Even though the holder 3 has a polygonal tubular
shape, the slits extending parallel to the axis of the holder 3
are formed in the front end of the holder 3 and the front end
of the holder 3 is constituted of a plurality of divided
portions. When the front end of the holder 3 having a
polygonal tubular shape is pressed against the indenter 2, the
divided portions are slightly spread outwardly of the holder
3, and the inner circumferential surface of the indenter 2 is
held by the divided portions.

[0074] As shown in FIG. 1, the ejection mechanism 5
according to the present embodiment has an inner cylinder
13 with a through hole 134 formed therein, an outer cylinder
12 having an inner circumferential surface 12a slidably
supported by an outer circumferential surface 136 of the
inner cylinder 13, a striker 15 movable in the through hole
13a, and a biasing spring 16 which is disposed between the
outer cylinder 12 and the striker 15, and is compressed by
movement of the outer cylinder 12 to thereby apply a biasing
force to the striker 15. Furthermore, the ejection mechanism
5 shown in FIG. 1 has a stopper 20 for restricting movement
of the striker 15 in the through hole 13a. Although not
shown, the stopper 20 may be omitted. For example, by
fixing a front end of the biasing spring 16 to the striker 15,
forward movement of the striker 15 in the through hole 13a
can be restricted. A wall surface of the through hole 13a is
the inner circumferential surface of the inner cylinder 13. As
will be described later, the striker 15 constitutes an indenter
pushing member that collides with the indenter 2, which is
held by the holder 3, with use of the spring force from the
biasing spring 16.

[0075] The striker 15 according to the present embodiment
has a rod shape. More specifically, this striker 15 includes a
cylindrical striker body 154 and a cylindrical body support
1556 having a greater diameter than the diameter of the striker
body 15a. The striker body 154 has its back end embedded
in the front end of the body support 155, so that the striker
body 15aq is fixed to the body support 1556. The central axis
of the striker body 15aq is in alignment with the central axis
of the body support 15b. The striker body 154 may be
integrally formed with the body support 155. For example,
a cylindrical member may be ground to form the strike body
15a on the striker 15.

[0076] A front end of the biasing spring 16 is inserted into
a guide hole 15¢ which is formed in the body support 155.
The guide hole 15¢ extends from the back end toward front
end of the body support 155, and the central axis of the guide
hole 15c¢ is in alignment with the central axis of the body
support 155. To the back end of the outer cylinder 12, a plug
18 that closes an opening of the outer cylinder 12 is fixed,
and a back end of the biasing spring 16 is supported by the
plug 18. The plug 18 according to the present embodiment
has a cylindrical shape, and a screw thread is formed on an
outer circumferential surface of the plug 18. An opening
formed on the back end of the outer cylinder 12 is con-
structed as a threaded hole into which the screw thread
formed on the outer circumferential surface of the plug 18 is
screwed. The screw thread formed on the plug 18 engages
with the threaded hole, thereby securing the plug 18 to the
outer cylinder 12. By rotating the plug 18, the plug 18 can
be moved forwards or backwards relative to the outer
cylinder 12. As a result, the biasing force applied to the
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striker 15 from the biasing spring 16 can be easily changed,
because a length of the biasing spring 16 can be easily
changed.

[0077] With these configurations, the biasing spring 16 is
disposed between the outer cylinder 12 and the striker 15.
The biasing spring 16 is compressed by movement of the
outer cylinder 12, thereby allowing the biasing force to be
applied to the striker 15. The compressing operation of the
biasing spring 16 will be described later. As shown in FIG.
1, when the biasing spring 16 is compressed, the biasing
spring 16 applies the biasing force for moving the striker 15
in the forward direction of the ejection mechanism 5, to the
striker 15. This position of the striker 15 is an ejection
position of the striker 15.

[0078] An annular groove 154 extending along a circum-
ferential direction of the striker 15 is formed on the outer
surface of the body support 15b. The groove 154 may be
formed on a part of the outer surface of the body support
15b. An ejection lever 15 is fixed to the outer surface of the
outer cylinder 11, the ejection lever 15 having a hook 14a
that can engage with the groove 154 when the striker 15 is
in the ejected position shown in FIG. 1. The ejection lever
14 has a through hole, and a rotational shaft 17 which is
secured to a bracket (not shown) extending radially out-
wardly from the outer surface of the outer cylinder 11, is
inserted into this through hole. Therefore, the ejection lever
14 is mounted to the outer cylinder 12 so as to be able to
pivot around the rotational shaft 17. As shown in FIG. 1, the
outer cylinder 12 has a through hole 125 which penetrates
through a side wall of the outer cylinder 12, and the inner
cylinder 13 has a first elongated hole 13e which penetrates
through a side wall of the inner cylinder 13 and extends
along a longitudinal direction of the inner cylinder 13. The
hook 144 of the ejection lever 14 passes through the through
hole 125 of the outer cylinder 12 and the first elongated hole
13e of the inner cylinder 13 to engage with the groove 154
of the striker 15.

[0079] FIG. 3 is a schematic cross-sectional view showing
a state in which the striker 15 is pushed out in the forward
direction of the ejection mechanism 5 with use of the spring
force of the biasing spring 16 when the hook 14a of the
ejection lever 14 disengages from the groove 154 of the
striker 15. As shown in FIG. 3, the striker 15 that has been
pushed out in the forward direction of the ejection mecha-
nism 5, collides with the stopper 20, which has a hollow
cylindrical shape and is fixed to the inner circumferential
surface of the inner cylinder 13, and as a result, the forward
movement of the striker 15 is restricted. More specifically,
the front end of the body support 155 of the striker 15
collides with the back end of the stopper 20, and as a result,
the forward movement of the striker 15 is restricted. During
the striker 15 moves from the ejection position shown in
FIG. 1 to a collision position shown in FIG. 3 where it
collides with the stopper 20, the front end of the striker body
15a collides with indenter 2 held by the front end of the
holder 3, thereby ejecting only the indenter 2 from the holder
3 toward the specimen 8. As shown in FIG. 3, when the
striker 15 has been ejected in the forward direction of the
ejection mechanism 5, the hook 14a of the ejection lever 14
passes through the through hole 125 of the outer cylinder 12
and the first elongated hole 13e of the inner cylinder 13, and
is in contact with the outer surface of the striker 15.

[0080] As described above, the length of the biasing
spring 16 can be adjusted by moving the plug 18 supporting
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the back end of the biasing spring 16 forwards or backwards
relative to the outer cylinder 12. Therefore, the impact speed
of the indenter 2 ejected by collision with the striker 15 can
be adjusted, because the biasing force applied to the striker
15 from the biasing spring 16 can be adjusted. When the
coeflicients of restitution of different specimens are to be
compared, it is preferred that the material of the indenter 2
and the impact speed of the indenter 2 are constant. The
apparatus 1 for measuring coefficient of restitution accord-
ing to the present embodiment can easily adjust the impact
speed of the indenter 2.

[0081] Although the striker 15 according to the above
described embodiment has the rod-shape, the shape of the
striker 15 is not limited to the rod shape. The shape of the
striker 15 is arbitrary if it can collides with the indenter 2
held by the holder 3 to thereby eject the indenter 2 from the
holder 3 toward the specimen 8.

[0082] The speed measuring unit 6 for measuring the
impact speed which represents the speed of the indenter 2
before the indenter 2 ejected by the striker 15 impacts
against the specimen 8, and the rebound speed of the
indenter 2 after the indenter 2 impacts against the specimen
8 and rebounds therefrom, is fixed to the front end of the
ejection mechanism 5, or more specifically, to the front end
of the inner cylinder 13. The speed measuring unit 6
according to the present embodiment has a speed measuring
body 23 which is mounted on the front end of the inner
cylinder 13 and has an indenter channel 23a through which
the indenter 2 passes, and a first passage sensor 24 and a
second passage sensor 25 which are arrayed along the
indenter channel 23a. The indenter channel 23a is connected
to the through hole 13a of the inner cylinder 13. The first
passage sensor 24 and the second passage sensor 25 are
arrayed along the indenter channel 234, and the first passage
sensor 24 is positioned forwardly of the second passage
sensor 25 in the speed measuring body 23. The “passage
sensor” collectively refers to sensors capable of detecting
the passage of an object. The passage sensor includes an
optical sensor or a magnetic sensor, for example.

[0083] The first passage sensor 24 according to the present
embodiment is an optical sensor having a first light emitter
24a for emitting light into the indenter channel 23« and a
first light receiver 2456 for receiving the light emitted from
the first light emitter 24a. The second passage sensor 25
according to the present embodiment is an optical sensor
having a second light emitter 254 for emitting light into the
indenter channel 23a and a second light receiver 2556 for
receiving the light emitted from the second light emitter 25a.
The embodiment in which the first passage sensor 24 and the
second passage sensor 25 are the optical sensors will be
described below.

[0084] In the present embodiment, light-emitting diodes
(LEDs) are used as the first light emitter 24a and the second
light emitter 254, and photodiodes are used as the first light
receiver 24b and the second light receiver 25b. Light from
the first light emitter 24aq is emitted into the indenter channel
23a through a light projection slit (not shown) disposed in a
wall surface of the indenter channel 23a, and the first light
receiver 24b receives light that has passed through a light
receiving slit (not shown) disposed in a wall surface of the
indenter channel 23qa. Similarly, Light from the second light
emitter 25a is emitted into the indenter channel 23« through
a light emission slit (not shown) disposed in a wall surface
of the indenter channel 234, and the second light receiver
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25b receives light that has passed through a light receiving
slit (not shown) disposed in a wall surface of the indenter
channel 23a. In the present embodiment, the first light
emitter 24q and the first light receiver 245 of the first optical
sensor 24 are disposed at a position which is spaced from the
front end of the speed measuring body 23 by 10 mm, and the
second light emitter 254 and the second light receiver 256 of
the second optical sensor 25 are disposed at a position which
is spaced from the front end of the speed measuring body 23
by 20 mm.

[0085] The first light receiver 245 detects that the light
emitted from the first light emitter 24a is blocked by the
passage of the indenter 2, whereby the first optical sensor 24
detects that the indenter 2 has passed the first optical sensor
24. Similarly, the second light receiver 255 detects that the
light emitted from the second light emitter 25a is blocked by
the passage of the indenter 2, whereby the second optical
sensor 25 detects that the indenter 2 has passed the second
optical sensor 25. The arithmetic unit 7 measures a passage
time taken after the indenter 2 has passed the first optical
sensor 24 until the indenter 2 passes the second optical
sensor 25. The distance between the first optical sensor 24
and the second optical sensor 25 (10 mm in the present
embodiment) is determined in advance. Therefore, the arith-
metic unit 7 can calculate the impact speed of the indenter
2 from the passage time taken after the indenter 2 has passed
the second optical sensor 25 until the indenter 2 passes the
first optical sensor 24, and the distance between the first
optical sensor 24 and the second optical sensor 25. Similarly,
the arithmetic unit 7 can calculate the rebound speed of the
indenter 2 from the passage time taken after the indenter 2
has passed the first optical sensor 24 until the indenter 2
passes the second optical sensor 25, and the distance
between the first optical sensor 24 and the second optical
sensor 25.

[0086] FIG. 4 is a schematic diagram showing an arrange-
ment of an electric circuit of the first optical sensor 24. The
arrangement of the electric circuit of the first optical sensor
24 will be described below with reference to FIG. 4. An
arrangement of an electric circuit of the second optical
sensor 25 is identical to the arrangement of the electric
circuit of the first optical sensor 24, and its repetitive
explanation will be omitted.

[0087] As shown in FIG. 4, a reverse bias voltage Vr is
applied to the first light receiver 245 which is a photodiode.
The first light receiver 245 receives the light from the first
light emitter 24a which is an LED, thereby generating an
electric current. The electric current generated from the first
light receiver 2454 is input to a negative input terminal 305
of a first operational amplifier 30. A voltage VA is input to
a positive input terminal 30qa of the first operational ampli-
fier 30. From an output terminal 30c of the first operational
amplifier 30, a voltage Vopa, which is converted from the
electric current generated from the first light receiver 245 by
a conversion resistor 35 using the voltage VA as a reference,
is output (current-to-voltage conversion).

[0088] The voltage Vopa output from the first operational
amplifier 30 is input to a negative input terminal 315 of a
second operational amplifier 31 through a delay circuit 32.
A predetermined base voltage Vdet is input to a positive
input terminal 31a of the second operational amplifier 31.
The second operational amplifier 31 outputs, from a output
terminal 31c¢ of the second operational amplifier 31, a
voltage Vopb which is a difference between the voltage Vopa
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input to the negative input terminal 315 and the base voltage
Vdet input to the positive input terminal 31a. The voltage
Vopb output from the output terminal 31c of the second
operational amplifier 31 is converted by a conversion resis-
tor 36 into an electric current, this electric current being
applied to the first light emitter 24a.

[0089] As shown in FIG. 4, the voltage Vopa output from
the output terminal of the first operational amplifier 30 is
input to a positive input terminal 38a of a comparator 38. A
voltage Vemp, which is a preset threshold value, is input to
a negative input terminal 386 of the comparator 38. The
comparator 38 compares the voltage Vopa input to the
positive input terminal 38a and the voltage Vemp input to
the negative input terminal 385 with each other. When the
voltage Vopa is larger than the voltage Vemp, the compara-
tor 38 output a signal VS from its output terminal 38¢c. The
signal VS is input to the arithmetic unit 7.

[0090] According to the circuit arrangement shown in
FIG. 4, when the light from the first light emitter 24a is not
blocked due to the passage of the indenter 2, the amount of
light emitted from the first light emitter 24a can automati-
cally be adjusted so that the voltage Vopa output from the
first operational amplifier 30 converges on the preset base
voltage Vdet at all times. Specifically, the electric circuit
shown in FIG. 4 includes a feedback circuit for automati-
cally changing the amount of light emitted from the first
light emitter 24a which is the photodiode, depending on the
output electric current from the first light receiver 245 so that
the output electric current from the first light receiver 245
which is the photodiode becomes constant.

[0091] When the light from the first light emitter 24a is not
blocked due to the passage of the indenter 2, it is preferred
that the first light receiver 245, which is the photodiode and
receives the light emitted from the first light emitter 24a
which is the LED, outputs a constant electric current at all
times. However, the amount of light emitted from an LED
differs depending on the environment (e.g., temperature and
humidity) in which the LED is placed. Similarly, the electric
current output from a photodiode differs depending on the
environment (e.g., temperature and humidity) in which the
photodiode is placed. Furthermore, since there are individual
differences between LEDs, the amounts of light emitted
from the LEDs are different from each other when the same
electric current flows through the different LEDs that are of
the same structure. Similarly, since there are individual
differences between photodiodes, the currents output from
the photodiodes are different from each other when the
different photodiodes, which are of the same structure,
receive the same amount of light.

[0092] Therefore, in a case where the electric circuit
shown in FIG. 4 is not used, the voltage Vopa output from
the operational amplifier 30 varies depending on the envi-
ronment in which the apparatus 1 for measuring coeflicient
of restitution is placed, and thus there is the possibility that
a correct coefficient of restitution cannot be measured. In
order to measure the correct coefficient of restitution, it is
necessary to adjust, in every measurement, the amount of
light emitted from the first light emitter 24a and/or the
output electric current from the first light receiver 2454.
Similarly, in a case where the electric circuit shown in FIG.
4 is not used, the voltages Vopa output from the operational
amplifiers 30 of different apparatus 1 for measuring coeffi-
cient of restitution are different in the respective apparatus 1
for measuring coefficient of restitution, and thus there is the
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possibility that a correct coefficient of restitution cannot be
measured. In order to measure the correct coefficient of
restitution, it is necessary to adjust, in each apparatus 1 for
measuring coefficient of restitution, the amount of light
emitted from the first light emitter 24a and/or the output
electric current from the first light receiver 245.

[0093] In a case where the electric circuit shown in FIG.
4 is used, the amount of light emitted from the first light
emitter 24a can automatically be adjusted so that the voltage
Vopa output from the first operational amplifier 30 con-
verges on the preset base voltage Vdet at all times. Accord-
ingly, it is not necessary to adjust, in every measurement, the
amount of light emitted from the first light emitter 24a
and/or the output electric current from the first light receiver
24b. Similarly, it is not necessary to adjust, in each apparatus
1 for measuring coefficient of restitution, the amount of light
emitted from the first light emitter 24a and/or the output
electric current from the first light receiver 245. Inasmuch as
the arrangement of the electric circuit of the second optical
sensor 25 is identical to the arrangement of the electric
circuit of the first optical sensor 24, the identical advantages
are available for the optical sensor 25.

[0094] FIG. 5 is a schematic diagram illustrating a method
of measuring a passage time T1 taken after the indenter 2 has
passed the first optical sensor 24 until the indenter 2 passes
the second optical sensor 25. In other words, FIG. 5 is a
schematic diagram illustrating a method of measuring the
rebound speed of the indenter 2 which impacts against
specimen 8 and rebounds therefrom. FIG. 5 shows in its
upper area a graph representing the output voltage Vopa
from the first operational amplifier 30 and the signal VS
output from the comparator 38, which vary over time, of the
first optical sensor 24. FIG. 5 shows in its lower area a graph
representing the output voltage Vopa from the first opera-
tional amplifier 30 and the signal VS output from the
comparator 38, which vary over time, of the second optical
sensor 25.

[0095] The indenter 2 which impacts against the specimen
8 and rebounds therefrom moves to the position where the
first optical sensor 24 is disposed. When the indenter 2
blocks the light emitted from the first light emitter 24a of the
first optical sensor 24, and thereby the amount of light
received by the first light receiver 245 is reduced, the output
voltage Vopa from the first operational amplifier 30
increases. As the indenter 2 passes the first optical sensor 24,
the blocked amount of light emitted from the first light
receiver 24b gradually decreases and thereafter gradually
increases. Therefore, because the amount of light received
by the first light receiver 24b gradually decreases and
thereafter gradually increases, the output voltage Vopa from
the first operational amplifier 30 is plotted as a wave SA
having a convex waveform shown in the upper area of FIG.
5. As described above, the output voltage Vopa from the first
operational amplifier 30 is input to the comparator 38 (see
FIG. 4) and compared with the voltage Vecmp serving as the
threshold value. When the output voltage Vopa from the first
operational amplifier 30 is larger than the voltage Vemp, the
comparator 38 outputs the signal VS. When the output
voltage Vopa from the first operational amplifier 30 is
smaller than the voltage Vemp, the comparator 38 stops
outputting the signal VS. As a result, a rectangular wave RA
converted from the wave SA having the convex waveform
by the comparator 38 is input to the arithmetic unit 7.
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[0096] The arithmetic unit 7 detects a point of time Ta
when the signal VS is output from the comparator 38 and a
point of time Th when the outputting of the signal VS is
stopped. Specifically, the point of time Ta is a detection
starting point of time when the arithmetic unit 7 starts
detecting of the passage of indenter 2 at the first optical
sensor 24, and the point of time Tb is a detection ending
point of time when the arithmetic unit 7 ends detecting of the
passage of indenter 2 at the first optical sensor 24. The
arithmetic unit 7 calculates a time Td by halving a time Tc
taken after the point of time Ta has been detected until the
point of time Tb is detected. The time Tc corresponds to a
time during which the arithmetic unit 7 is detecting the
passage of indenter 2 at the first optical sensor 24.

[0097] The indenter 2 further moves on to the position
where the second optical sensor 25 is disposed. When the
indenter 2 blocks the light emitted from the second light
emitter 254 of the second optical sensor 25, reducing the
amount of light detected by the second light receiver 255,
the output voltage Vopa from the first operational amplifier
30 increases. As the indenter 2 passes the second optical
sensor 25, the blocked amount of light emitted from the
second light receiver 255 gradually decreases and thereafter
gradually increases. Therefore, because the amount of light
detected by the second light receiver 256 gradually
decreases and thereafter gradually increases, the output
voltage Vopa from the first operational amplifier 30 is
plotted as a wave SB having a convex waveform shown in
the lower area of FIG. 5. As described above, the output
voltage Vopa from the first operational amplifier 30 is input
to the comparator 38 (see FIG. 4) and compared with the
voltage Vemp as the threshold value. When the output
voltage Vopa from the first operational amplifier 30 is larger
than the voltage Vemp, the comparator 38 outputs the signal
VS. When the output voltage Vopa from the first operational
amplifier 30 is smaller than the voltage Vemp, the compara-
tor 38 stops outputting the signal VS. As a result, a rectan-
gular wave RB converted from the wave SB having the
convex waveform by the comparator 38 is input to the
arithmetic unit 7.

[0098] The arithmetic unit 7 detects a point of time Te
when the signal VS is output from the comparator 38 and a
point of time Tf when the outputting of the signal VS is
stopped. Specifically, the point of time Te is a detection
starting point of time when the arithmetic unit 7 starts
detecting of the passage of indenter 2 at the second optical
sensor 25, and the point of time Tf is a detection ending
point of time when the arithmetic unit 7 ends detecting of the
passage of indenter 2 at the second optical sensor 25.
Further, the arithmetic unit 7 calculates a time Th by halving
a time Tg taken after the point of time Te has been detected
until the point of time Tf is detected. The time Tg corre-
sponds to a time during which the arithmetic unit 7 is
detecting the passage of indenter 2 at the second optical
sensor 25.

[0099] The arithmetic unit 7 determines the time between
the point of time Td and the point of time Th, as a passage
time T1 taken after the indenter 2 has passed the first optical
sensor 24 until the indenter 2 passes the second optical
sensor 25. In addition, the arithmetic unit 7 calculates the
rebound speed of the indenter 2 by dividing the distance
between the first optical sensor 24 and the second optical
sensor 25 by the passage time T1.
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[0100] In the present embodiment, the time between the
point of time Td and the point of time Th is used as the
passage time T1 taken after the indenter 2 has passed the first
optical sensor 24 until the indenter 2 passes the second
optical sensor 25. In a case where the time between the point
of time Td and the point of time Th is used as the passage
time T1, it is possible to make a measurement error of the
passage time T1 smaller compared with a case where the
time between the point of time Ta and the point of time Te
is used as the passage time, so that a more correct rebound
speed can be calculated.

[0101] The impact speed of the indenter 2 is calculated by
the arithmetic unit 7, using a similar method. Specifically,
the arithmetic unit 7 calculates the impact speed by deter-
mining the passage time taken after the indenter 2 has passed
the second optical sensor 25 until the indenter 2 passes the
first optical sensor 24. The arithmetic unit 7 also calculates
the coefficient of restitution which represents the ratio of the
rebound speed to the impact speed.

[0102] Although not shown, the second optical sensor 25
may be omitted, and thus the arithmetic unit 7 may calculate
the impact speed and the rebound speed of the indenter 2,
using only the first optical sensor 24. For example, the
arithmetic unit 7 may calculate the rebound speed of the
indenter 2 by dividing the diameter of the indenter 2 by the
time Tc between the point of time Ta (i.e., the detection
starting point of time of the indenter 2 at the first optical
sensor 24) and the point of time Tb (i.e., the detection ending
point of time of the indenter 2 at the first optical sensor 24)
in FIG. 5. Similarly, the arithmetic unit 7 can calculate the
impact speed of the indenter 2, using only the first optical
sensor 24.

[0103] In the case where the impact speed and the rebound
speed of the indenter 2 are measured by using only the first
optical sensor 24, the size of the speed measuring body 23
can be reduced. Furthermore, since the first optical sensor 24
can be disposed near the surface of the specimen 8, it is
possible to measure a correct coeflicient of restitution.
[0104] As shown in FIG. 1, the holder 3 is inserted from
the front end toward back end of the inner cylinder 13. The
outer cylinder 12 has an outer cylinder flange 12¢ projecting
radially outwardly of the outer cylinder 12, and the inner
cylinder 13 has an inner cylinder flange 13¢ projecting
radially outwardly of the inner cylinder 13. A holder flange
member 40 is fixed to the outer circumferential surface of
the holder 3. The holder flange member 40 includes a
cylindrical static part 40a which is fixed to the outer cir-
cumferential surface of the holder 3 at its back end, and a
projecting flange 405 which projects from the static part 40a
radially outwardly of the holder 3. The inner cylinder 13 has
a second elongated hole 134 passing through a side wall of
the inner cylinder 13 and extending along a longitudinal
direction of the inner cylinder 13. The projecting flange 405
of the holder flange member 40 extends through the second
elongated hole 13d and projects outwardly of the outer
circumferential surface of the inner cylinder 13.

[0105] The apparatus 1 for measuring coefficient of resti-
tution has a first return spring 43 disposed between the inner
cylinder flange 13¢ and the outer cylinder flange 12¢, and the
first return spring 43 biases the inner cylinder flange 13¢ in
a direction away from the outer cylinder flange 12¢. Further,
the apparatus 1 for measuring coefficient of restitution has a
second return spring 44 disposed between the projecting
flange 405 and the outer cylinder flange 12¢, and the second
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return spring 44 biases the projecting flange 4056 in a
direction away from the outer cylinder flange 12¢. A first
guide rod 46 is fixed to the outer cylinder flange 12¢, the first
guide rod 46 extending through a first through hole 40c¢
formed in the projecting flange 406 to pass through the
projecting flange 405. The first guide rod 46 extends through
the inside of the second return spring 44. An anchor 48 is
fixed to the first guide rod 46 for restricting the projecting
flange 4056 to move in a direction away from the outer
cylinder flange 12¢ by a biasing force of the second return
spring 44. A second guide rod 47 is fixed to the inner
cylinder flange 13¢, the second guide rod 47 extending
through a second through hole 404 formed in the projecting
flange 405 to pass through the projecting flange 406.

[0106] The outer cylinder flange 12¢ of the outer cylinder
12, the first guide rod 46, the second return spring 44, the
holder flange member 40, and the anchor 48 constitutes a
coupling mechanism 39 for coupling the holder 3 to the
outer cylinder 12.

[0107] FIG. 6 is a schematic view showing a state in which
the indenter 2 is held in the holder 3 again after the
coefficient of restitution has been measured. As shown in
FIG. 6, in order to hold the indenter 2 in the holder 3 again,
an operator pushes the outer cylinder 12 toward the inner
cylinder 13 against the biasing force of the first return spring
43 until the hook 14a of the ejection lever 14 engages with
the groove 154 formed on the outer surface of the striker 15.
At this time, the holder 3 that is coupled to the outer cylinder
12 by the coupling mechanism 39 moves forwards in the
indenter channel 23a of the speed measuring unit 6. Since
the projecting flange 4056 of the holder flange member 40 can
move along the second elongated hole 134 formed in the
side wall of the inner cylinder 12, the holder flange member
40 can also move in the forward direction of the apparatus
1 for measuring coefficient of restitution. Since the second
return spring 44 applies its biasing force to the flange holder
member 40 fixed to the holder 3, the holder 3 moves in the
forward direction of the apparatus 1 for coefficient of
restitution while the distance between the holder 3 and the
outer cylinder 12 is maintained. The holder 3 moving in the
forward direction of the apparatus 1 for coefficient of
restitution moves forwards in the indenter channel 23a
formed in the speed measuring body 23 of the speed
measuring unit 6 to reach the front end of the indenter
channel 23a, and as a result, the indenter 2 is held in the front
end of the holder 3.

[0108] When the outer cylinder 12 is pushed in the inner
cylinder 13, the striker 15 is unable to move, because
movement of the striker 15 in the forward direction of the
apparatus 1 for measuring coefficient of restitution is
restricted by the stopper 20. On the other hand, the biasing
spring 16 is compressed. The hook 14a of the ejection lever
14 fixed to the outer cylinder 12 moves along the first
elongated hole 13e formed in the side wall of the inner
cylinder 12, and engages with the groove 134 formed on the
outer surface of the striker 15. When the pushing force for
pushing the outer cylinder 12 toward the inner cylinder 13
is removed, the outer cylinder 12 moves in the backward
direction of the apparatus 1 for measuring coefficient of
restitution by the biasing force of the first return spring 43.
At this time, the striker 15, with which the hook 14a
engages, also moves in the backward direction, and thus the
striker 15 waits in the ejection position shown in FIG. 1.
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[0109] When the outer cylinder 12 is pushed in the inner
cylinder 13, the holder 3 is guided by the first guide rod 46.
Similarly, when the outer cylinder 12 is pushed in the inner
cylinder 13, the holder 3 is guided by the second guide rod
47. Therefore, the holder 3 is prevented from rotating with
respect to the outer cylinder 12 and the inner cylinder 13.

[0110] With these configurations, the indenter 2 can be
held in the holder 3 again by a simple operation in which the
outer cylinder 12 is pushed in the inner cylinder 13. Accord-
ingly, a burden on the operator can be reduced when the
coeflicients of restitution are to be measured successively.

[0111] According to the apparatus 1 for measuring coef-
ficient of restitution, of this embodiment, an impactor (ob-
ject) that impacts against the specimen 8 for measuring the
coeflicient of restitution is only the spherical indenter 2.
Unlike the hammer for use in the Shore hardness test and the
impact body for use in the Leeb hardness test, the impactor
that impacts against the specimen 8 does not include an
indenter support to which the indenter 2 would be fixed. As
a result, since the mass of the impactor (object) that impacts
against with the specimen 8 is greatly reduced, the mass
effect occurring when the coefficient of restitution is to be
measured is greatly reduced, thereby enabling the coefficient
of restitution of the specimen to be correctly measured. The
spherical indenter 2 is held in the holder 3, and ejected from
the holder 3 toward the specimen 8 by the ejection mecha-
nism 5. Therefore, since there is no limitation on the
direction in which the indenter 2 is ejected, the test can be
performed in a free direction. Furthermore, according to the
apparatus 1 for measuring coefficient of restitution of this
embodiment, the impact speed can be easily adjusted by
moving the plug 18 forwards or backwards with respect to
the outer cylinder 12.

[0112] The apparatus 1 for measuring coefficient of resti-
tution according to the present embodiment, which is
capable of greatly reducing the mass effect and performing
the tests in a free direction, can measure coeflicients of
restitution of various specimens 8. For example, not only
coeflicients of restitution of metal materials, but also coef-
ficients of restitution of foods such as chocolate and dried
bonito or coefficients of restitution of non-metal materials
such as ceramics, marble, and glass, can be measured.
Further, the impactor that impacts against the specimen 8 is
only the spherical indenter 2, and thus has a very small
volume. Therefore, the heat capacity of the impactor is
small. The indenter 2 contacts the specimen 8 instanta-
neously. As a result, the coefficient of restitution of a
specimen 8 which is of high or low temperature can be
correctly measured, because the amount of change in a
surface temperature of the specimen due to the test is greatly
reduced.

[0113] The apparatus 1 for measuring coeflicient of resti-
tution according to the present embodiment can use indent-
ers 2 having various diameters by appropriately selecting a
size of the holder 3 and a diameter of the striker body 154
depending on the diameter of the indenter 2. Therefore, the
apparatus 1 for measuring coefficient of restitution accord-
ing to the present embodiment can use an indenter 2 having
a very small diameter, so that the mass effect can further be
reduced.

[0114] From the viewpoint of reducing the mass effect that
occur when the test is performed, it is preferable to use an
indenter 2 having as small a diameter as possible. In
contrast, when the coeflicient of restitution of a specimen 8
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which has small irregularities on its surface is measured, the
direction in which the indenter 2 is rebounded from the
specimen 8 may greatly deviate from (be inclined with
respect to) the direction in which the indenter 2 is ejected
from the ejection mechanism 5. The reason of this is that the
diameter of the indenter 2 is too small with respect to the size
of the irregularities formed on the surface of the specimen 8.
Therefore, in order to stabilize the direction in which the
indenter 2 is rebound, while reducing the occurrence of the
mass effect, it is preferable that the diameter of the indenter
2 is equal to or less than 5 mm.

[0115] As the diameter of the indenter 2 decreases, the
burden on the operator for measuring the coefficient of
restitution increases. For example, when the indenter 2
having a very small diameter is used, the operator is likely
to lose the indenter 2. Therefore, from the viewpoint of
working efficiency, it is preferable that the diameter of the
indenter 2 is equal to or more than 0.5 mm. Furthermore, in
order to reliably confirm a fracture or defect of the indenter
2 prior to the measurement of the coefficient of restitution,
it is more preferable that the diameter of the indenter 2 is
equal to or more than 2 mm. More specifically, the diameter
of the indenter 2 is preferably in the range from 0.5 mm to
5 mm, and more preferably in the range from 2 mm to 5 mm.
[0116] The speed measuring unit 6 of the apparatus 1 for
measuring coefficient of restitution according to this
embodiment measures the impact speed and the rebound
speed of the indenter 2 using the optical sensors 24, 25.
Therefore, there is no limitation on the material of the
indenter 2, and the indenter 2 may be made of a metal
material such as cemented carbide or the like, or a non-metal
material such as ceramics, diamond, or the like. Preferably,
the indenter 2 is a bearing ball made of alumina which is
ceramics. Since the bearing ball made of alumina has high
sphericity, the apparatus 1 for measuring coefficient of
restitution can measure correct coefficients of restitution
with high repeatability. The bearing ball made of alumina is
inexpensive and easily commercially available.

[0117] The speed measuring body 23 of the speed mea-
suring unit 6 may have a shutter mechanism 50 which opens
the opening of the indenter channel 23a in the speed
measuring body 23 when the speed measuring unit 6 con-
tacts the specimen 8, and which closes the opening of the
indenter channel 23« in the speed measuring body 23 when
the speed measuring unit 6 is separated from the specimen
8. FIG. 7 is a schematic cross-sectional view showing an
example of the speed measuring body 23 that is provided
with the shutter mechanism 50. As shown in FIG. 7, the
shutter mechanism 50 of this embodiment includes a door 51
disposed at the opening of the indenter channel 23a, an
opening/closing rod 54 whose front end projects from the
speed measuring body 23, and a link mechanism 55 for
converting movement of the opening/closing rod 54 into
opening/closing movement of the door 51. The speed mea-
suring body 23 of this embodiment is constructed by a first
member 235 in which the indenter channel 23a is formed
and the door 51 is disposed, and a second member 23¢ in
which the opening/closing rod 54 is disposed.

[0118] FIG. 8Ais a view as viewed along arrows D in FIG.
7, FIG. 8B is a cross-sectional view taken along line F-F of
FIG. 8A, and FIG. 8C is a cross-sectional view taken along
line G-G of FIG. 8B. As shown in FIG. 8A, the door 51 of
this embodiment has a first door 51a and a second door 515
which open and close the opening of the indenter channel
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23a in the speed measuring body 23 by the link mechanism
55. The link mechanism 55 will be described later. When the
first door 51a and the second door 515 abut against each
other, the opening of the indenter channel 23a is closed, and
when the first door 51a and the second door 515 are
separated from each other, the opening of the indenter
channel 23a is opened. FIG. 8A illustrates a state in which
the first door 51a and the second door 515 abut against each
other, and thus the opening of the indenter channel 23a is
closed.

[0119] As shown in FIGS. 8A and 8B, a first opening/
closing guide 52 having a first arc-shaped surface 52a is
fixed to a side surface of the first door 51a, and a second
opening/closing guide 53 having a second arc-shaped sur-
face 53a is fixed to a side surface of the second door 51b.
The first arc-shaped surface 52a of the first opening/closing
guide 52 and the second arc-shaped surface 53a of the
second opening/closing guide 53 face each other. The first
opening/closing guide 52 is pivotably secured to the first
member 235 by a first opening/closing shaft 56. In other
words, the first opening/closing guide 52 can pivot about the
first opening/closing shaft 56, and as a result, the first door
51a fixed to the first opening/closing guide 52 can pivot
about the first opening/closing shaft 56. The second opening/
closing guide 53 is pivotably secured to the first member 235
by a second opening/closing shaft 57. In other words, the
second opening/closing guide 53 can pivot about the second
opening/closing shaft 57, and as a result, the second door
515 fixed to the second opening/closing guide 53 can pivot
about the second opening/closing shaft 57.

[0120] As shown in FIGS. 8B and 8C, in a central region
of the first door 51a, a first receiving portion 51¢ (see FIG.
8B) is formed, in which a first sloping surface 51d with a
circular-arc-shape is formed. In a central region of the
second door 515 also, which is illustrated by the imaginary
lines (dot-and-dash lines) in FIG. 8C, a second receiving
portion 51fis formed, in which a second sloping surface 51e
with a circular-arc shape is formed. When the first door 51a
and the second door 515 abut against each other, the indenter
2 can be housed in an internal space formed by the first
receiving portion 51¢ and the second receiving portion 51f.
[0121] FIG.9Ais a view as viewed along arrows E in FIG.
7, and FIG. 9B is a cross-sectional view taken along line
H-H of FIG. 9A. As shown in FIG. 9A, one end of an
opening/closing spring 58 is fixed to the back end of the
opening/closing rod 54, and the other end of the opening/
closing spring 58 is fixed to the second member 23c¢. In this
state, the front end of the opening/closing rod 54 projects
forwards from the front end of the second member 23c. As
shown in FIGS. 9A and 9B, a first protrusion 54a and a
second protrusion 545, which are cylindrical in shape, are
formed on a side surface of the opening/closing rod 54. The
first protrusion 54a is positioned forwardly of the second
protrusion 545 on the opening/closing rod 54. The first
protrusion 54a and the second protrusion 545 project from
the side surface of the opening/closing rod 54 toward the
first member 2354.

[0122] The link mechanism 55 of the shutter mechanism
50 is constructed by the first opening/closing guide 52, the
second opening/closing guide 53, the first protrusion 54a
and the second protrusion 545 formed on the opening/
closing rod 54, and the opening/closing spring 58. FIG. 10
is a schematic view showing a state in which the first door
51a and the second door 515 are pivoted in directions away
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from each other by the link mechanism 55, and thus the
opening of the indenter channel 23a is opened. FIG. 11 is a
schematic view showing a state in which the first door 51a
and the second door 515 are brought into abutment against
each other by the link mechanism 55, and thus the opening
of the indenter channel 234 is closed.

[0123] As shown in FIG. 10, when the speed measuring
body 23 of the speed measuring unit 6 is brought into contact
with the surface of the specimen 8, the opening/closing rod
54 is pushed in against the biasing force of the opening/
closing spring 58, until a front end of the opening/closing
rod 54 is housed into the speed measuring body 23. At this
time, the first protrusion 54a formed on the opening/closing
rod 54 contacts the first arc-shaped surface 52a of the first
opening/closing guide 52 and the second arc-shaped surface
53a of the second opening/closing guide 53, thereby rotating
the first opening/closing guide 52 and the second opening/
closing guide 53 respectively, about the first opening/closing
shaft 56 and the second opening/closing shaft 57 in direc-
tions to separate the first door 51a and the second door 515
away from each other. As a result, the opening of the
indenter channel 23a of the speed measuring body 23 is
opened, allowing the indenter 2 to impact against the surface
of the specimen 8.

[0124] As shown in FIG. 11, when the speed measuring
body 23 of the speed measuring unit 6 is spaced from the
surface of the specimen 8, the opening/closing rod 54 moves
forwards until the front end of the opening/closing rod 54
projects from the front end of the speed measuring body 23
with the spring force of the opening/closing spring 58. At
this time, the second protrusion 545 formed on the opening/
closing rod 54 contacts the first arc-shaped surface 52a of
the first opening/closing guide 52 and the second arc-shaped
surface 53a of the second opening/closing guide 53, thereby
rotating the first opening/closing guide 52 and the second
opening/closing guide 53 respectively, about the first open-
ing/closing shaft 56 and the second opening/closing shaft 57
in directions to bring the first door 51a and the second door
516 into abutment against each other. As a result, the
opening of the indenter channel 234 of the speed measuring
body 23 is closed, housing the indenter 2 in the internal
space formed by the first receiving portion 51¢ and the
second receiving portion 51/ (see FIG. 8C). At this time, the
indenter 2 is guided by the first sloping surface 514 of the
first receiving portion 51¢ and the second sloping surface
51e of the second receiving portion 51f, preventing the
indenter 2 from being pinched by the first door 51a and the
second door 515.

[0125] According to the shutter mechanism 50 of this
embodiment, the opening of the indenter channel 23a is
opened, only when the speed measuring body 23 contacts
the specimen 8. On the other hand, when the speed mea-
suring body 23 is spaced from the specimen 8, the opening
of the indenter channel 23a is closed. Therefore, a loss of the
indenter 2 ejected from the ejection mechanism 5 is effec-
tively prevented, so that the burden on the operator can be
reduced.

[0126] FIG. 12 is a schematic view showing the speed
measuring unit 6 according to another embodiment. The
speed measuring unit 6 shown in FIG. 12 has a third passage
sensor 26 in addition to the first passage sensor 24 and the
second passage sensor 25. As described above, the “passage
sensor” collectively refers to sensors capable of detecting
the passage of an object, and includes an optical sensor or a
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magnetic sensor, for example. The embodiment in which the
first passage sensor 24, the second passage sensor 25, and
the third passage sensor 26 are optical sensors, will be
described below.

[0127] The first optical sensor 24, the second optical
sensor 25, and the third optical sensor 26 are arrayed along
the indenter channel 23a. The first optical sensor 24 is
positioned forwardly of the second optical sensor 25 and the
third optical sensor 26 in the speed measuring body 23, and
the second optical sensor 25 is positioned forwardly of the
third optical sensor 26 in the speed measuring body 23.

[0128] The third optical sensor 26 is identical in structure
to the first optical sensor 24 and the second optical sensor 25.
Specifically, the third optical sensor 26 has a third light
emitter 264 for emitting light into the indenter channel 23«
and a third light receiver 265 for receiving the light emitted
from the third light emitter 26a. The third light emitter 26a
is an LED, and the third light receiver 265 is a photodiode.
The arrangement of an electric circuit of the third optical
sensor 26 is identical to the arrangement of the electric
circuit of the first optical sensor 24 described with reference
to FIG. 4. Specifically, the amount of light emitted from the
third light emitter 26a can automatically be adjusted so that
the voltage Vopa output from the first operational amplifier
30 in the electric circuit of the third optical sensor 26
converges on the preset base voltage Vdet at all times.

[0129] The apparatus 1 for measuring coefficient of resti-
tution 1 according to the embodiments described herein are
able to perform tests in free directions. For example, the
indenter 2 can be ejected upwardly or downwardly. If the
indenter 2 is ejected in different directions, gravitational
forces in different directions act on the indenter 2. Therefore,
depending on the direction in which the ejected indenter 2 is
ejected, small errors may be produced in the measured
coeflicients of restitution. In particular, the gravitational
force tends to have a greater effect when the impact speed
and the rebound speed of the indenter 2 are low. Accord-
ingly, it is preferable to calculate the coefficient of restitution
using, as the impact speed, the speed of the indenter 2 at the
instant at which the indenter 2 impacts against the surface of
the specimen 8, and using, as the rebound speed, the speed
of the indenter 2 at the instant at which the indenter 2 is
rebounded from the surface of the specimen 8. A method of
determining, through calculations, the impact speed of the
indenter 2 at the instant at which the indenter 2 impacts
against the specimen 8, and the rebound speed of the
indenter 2 at the instant at which the indenter 2 is rebound
from the specimen 8 will be described below with reference
to FIG. 13.

[0130] FIG. 13 is an explanatory diagram illustrating a
method of determining, through calculations, the impact
speed of the indenter 2 at the instant at which the indenter
2 impacts against the surface of the specimen 8 and the
rebound speed of the indenter 2 at the instant at which the
indenter 2 is rebounded from the specimen 8. In FIG. 13, a
point Ps represents the surface of the specimen 8, a point P1
represents the position of the first optical sensor 24, a point
P2 represents the position of the second optical sensor 25,
and a point P3 represents the position of the third optical
sensor 26. A method of calculating the impact speed of the
indenter 2 at the instant at which the indenter 2 reaches the
point Ps after passing the point P3, the point P2, and the
point P1 in this order, will be described below.
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[0131] The speed of the indenter 2 passing the point P3
(i.e., the third optical sensor 26) is represented by v3, the
speed of the indenter 2 passing the point P2 (i.e., the second
optical sensor 25) is represented by v2, the speed of the
indenter 2 passing the point P1 (i.e., the first optical sensor
24) is represented by v1, and the speed of the indenter 2 at
the instant at which the indenter 2 reaches the point Ps (i.e.,
the surface of the specimen 8) is represented by vs. Further-
more, the average speed between the point P3 and the point
P2 is represented by v23, the average speed between the
point P2 and the point P1 is represented by v12, and the
average speed between the point P3 and the point P1 is
represented by v13. A distance from the point P3 to the point
P2 is represented by .23, a distance from the point P2 to the
point P1 is represented by [.12, a distance from the point P3
to the point P1 is represented by [.13, and a distance from
the point P3 to the point Ps is represented by Ls. The
controller 7 measures, according to the method described
with reference to FIG. 5, a time T23 taken after the indenter
2 has passed the point P3 until it passes the point P2, a time
T12 taken after the indenter 2 has passed the point P2 until
it passes the point P1, and a time T13 taken after the indenter
2 has passed the point P3 until it passes the point P1.

[0132] The average speed v23 between the point P3 and
the point P2 can be calculated from the time T23 measured
by the controller 7 and the known [.23 according to the
following equation (1).

Vv23=L23/123 o)

[0133] Similarly, the average speed v12 can be calculated
according to the following equation (2), and the average
speed v13 can be calculated according to the following
equation (3).

v12=L12/T12 2
v13=L13/T13 (3)
[0134] Assuming that the indenter 2 is making uniformly

accelerated motion at an acceleration «, the speed v23, the
speed v2, and the speed v3 satisfy the relationship according
to the following equation (4).

v23=(y2+v3)/2 4

[0135] Similarly, the speed v12, the speed v1, and the
speed v2 satisfy the relationship according to the following
equation (5), and the speed v13, the speed v1, and the speed
v3 satisfy the relationship according to the following equa-
tion (6).

v12=(v1+v2)/2 (5)
v13=(v1+v3)/2 (6)
[0136] From the equation (4), the equation (5), and the

equation (6), the following equation (7), equation (8), and
equation (9) are obtained.

VI=—123+v12+v13 M
V2=123+v12-v13 (8)
v3=123-v12413 ©)
[0137] The acceleration o of the indenter 2 can be deter-

mined according to the following equation (10).

a=(v1-v3)/T13 (10)
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[0138] Since the arithmetic unit 7 has obtained the speed
v23, the speed v12, and the speed v13 according to the
above-described equations (1), (2), (3), the arithmetic unit 7
can calculate the speed v1, the speed v2, and the speed v3
according to the equation (7), the equation (8), and the
equation (9). As a result, the arithmetic unit 7 can calculate
the acceleration o of the indenter 2 according to the equation
(10).

[0139] If it is assumed that the indenter 2 is making
uniformly accelerated motion at the acceleration «, the
impact speed vs at the instant at which the indenter 2 impacts
against the point Ps (i.e., the surface of the specimen 8) can
be determined from the following equation (11) or equation

(12).

vs=(v3’+2Ls-a)'? 11
vs=v3-(1+((VI3 Y- 1)(L/L13))) 2 (12)
[0140] As described above, since the arithmetic unit 7 has

obtained the speed v3, the speed v2, the speed v1, and the
acceleration a through calculations, and the distance Ls and
the distance 113 are known, the arithmetic unit 7 can
calculate the impact speed vs at the instant at which the
indenter 2 impacts against the surface of the specimen 8.

[0141] Next, a method of determining, through calcula-
tions, the rebound speed at the instant at which the indenter
2 is rebounded from the surface of the specimen 8 will be
described below with reference to FIG. 13. In FIG. 13, the
point Ps represents the surface of the specimen 8, the point
P1 represents the position of the first optical sensor 24, the
point P2 represents the position of the second optical sensor
25, and the point P3 represents the position of the third
optical sensor 26. The indenter 2 which has been rebounded
from the surface of the specimen 8 passes the point P1, the
point P2, and the point P3 in this order.

[0142] The speed of the indenter 2 passing the point P1
(i.e., the first optical sensor 24) after being rebounded from
the point Ps is represented by v1', the speed of the indenter
2 passing the point P2 (i.e., the second optical sensor 25)
after being rebounded from the point Ps is represented by
v2', and the speed of the indenter 2 passing the point P3 (i.e.,
the third optical sensor 26) after being rebounded from the
point Ps is represented by v3'. Furthermore, the average
speed between the point P1 and the point P2 is represented
by v12', the average speed between the point P2 and the
point P3 is represented by v23', and the average speed
between the point P1 and the point P3 is represented by v13'.
The distance from the point P1 to the point P2 is represented
by L12, the distance from the point P2 to the point P3 is
represented by 1.23, the distance from the point P1 to the
point P3 is represented by .13, and the distance from the
point Ps to the point P3 is represented by Ls. The controller
7 measures, according to the method described with refer-
ence to FIG. 5, a time T12' taken after the indenter 2
rebounded from the point Ps has passed the point P1 until it
passes the point P2, a time T23' taken after the indenter 2
rebounded from the point Ps has passed the point P2 until it
passes the point P3, and a time T13' taken after the indenter
2 rebounded from the point Ps has passed the point P1 until
it passes the point P3.

[0143] The average speed v12' between the point P1 and
the point P2 can be calculated from the time T12' measured
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by the controller 7 and the known [L12 according to the
following equation (13).

v12'=L12/T12' (13)
[0144] Similarly, the average speed v23' can be calculated
according to the following equation (14), and the average

speed v13' can be calculated according to the following
equation (15).

v23'=L23/123' (14)
v13'=L13/T13' (15)
[0145] Assuming that the indenter 2 is making uniformly

accelerated motion at an acceleration o', the speed v12', the
speed v1', and the speed v2' satisfy the relationship accord-
ing to the following equation (16).

VI2'=(v14+12)/2 (16)

[0146] Similarly, the speed v23', the speed v2', and the
speed v3' satisty the relationship according to the following
equation (17), and the speed v13', the speed v1', and the
speed v3' satisty the relationship according to the following
equation (18).

V23'=(12'4v3")/2 an
VI3'=(v1+v3)/2 (18)
[0147] From the equation (16), the equation (17), and the

equation (18), the following equation (19), equation (20),
and equation (21) are obtained.

Y1123 412413’ (19)
¥2'234v12'-v13’ (20)
¥3'23'v12'+v13’ 1)
[0148] The acceleration o' of the indenter 2 can be deter-
mined according to the following equation (22).
a=(3'=v1")/T13’ (22)
[0149] Since the arithmetic unit 7 has obtained the speed

v12', the speed v23', and the speed v13' from the above-
described equations (13), (14), and (15), the arithmetic unit
7 can calculate the speed v1', the speed v2', and the speed v3'
according to the equation (19), the equation (20), and the
equation (21). As a result, the arithmetic unit 7 can calculate
the acceleration o' of the indenter 2 rebounded from the
point Ps according to the equation (22).

[0150] If it is assumed that the indenter 2 is making
uniformly accelerated motion at the acceleration o', the
rebound speed vs’ of the indenter 2 at the instance at which
it has rebounded from the point Ps (i.e., the surface of the
specimen 8) can be determined from the following equation
(23) or equation (24).

vs'=(v1'242Ls-a)"? (23)

vs'=v1"(1+((v3'/v1"Y2-1)-(L13-Ls)/L13))*2 24)

[0151] As described above, since the arithmetic unit 7 has
obtained the speed v1', the speed v2', the speed v3', and the
acceleration o' through calculations, and the distance Ls and
the distance 113 are known, the arithmetic unit 7 can
calculate the rebound speed vs’ at the instance at which the
indenter 2 is rebounded from the surface of the specimen 8.
[0152] In this manner, the arithmetic unit 7 is capable of
determined, through calculations, the impact speed vs of the
indenter 2 at the instant at which the indenter 2 impacts



US 2017/0131193 Al

against the specimen 8, and the rebound speed vs’ of the
indenter 2 at the instant at which the indenter 2 is rebounded
from the surface of the specimen 8. When the arithmetic unit
7 calculates the coefficient of restitution based on the impact
speed vs at the instant at which the indenter 2 impacts
against the specimen 8 and the rebound speed vs’ at the
instant at which the indenter 2 is rebounded from the surface
of the specimen 8, the arithmetic unit 7 can obtain the
coeflicient of restitution in which the effect of the gravita-
tional force acting on the indenter 2 is removed.

[0153] FIG. 14 is a schematic view showing the speed
measuring unit 6 according to still another embodiment. The
first light emitter 24a and the first light receiver 245 of the
first optical sensor 24, and the second light emitter 25a and
the second light receiver 256 of the second optical sensor 25
of the speed measuring unit 6 shown in FIG. 14 are disposed
in the arithmetic unit 7. In other words, the first optical
sensor 24 and the second optical sensor 25 are disposed in
the arithmetic unit 7. The speed measuring body 23 has four
through holes 23d, 23e, 23f, and 23g formed therein, which
extend from side faces of the speed measuring body 23 to
wall surfaces of the indenter channel 23a. Although only the
through holes 23d, 23/ are illustrated in FIG. 14, the through
hole 23e is formed in a position facing the through hole 234,
and the through hole 23g is formed in a position facing the
through hole 23/

[0154] A first optical fiber 60 extending from the first light
emitter 24a is fitted in the through hole 234, so that the light
emitted by the first light emitter 24a passes through the first
optical fiber 60 and is emitted into the indenter channel 23a.
A second optical fiber 61 extending from the first light
receiver 245 is fitted in the through hole 23e, so that the light
emitted by the first light emitter 24a passes through the
second optical fiber 61 and is received by the first light
receiver 24b. In other words, the first light emitter 24a of the
first optical sensor 24 emits the light through the first optical
fiber 60 into the indenter channel 23a, and the first light
receiver 24b of the first optical sensor 24 receives the light
emitted into the indenter channel 23a through the second
optical fiber 61. Similarly, a third optical fiber 62 extending
from the second light emitter 25« is fitted in the through hole
23/, so that the light emitted by the second light emitter 25a
passes through the third optical fiber 62 and is emitted into
the indenter channel 23a. A fourth optical fiber 63 extending
from the second light receiver 255 is fitted in the through
hole 23g, so that the light emitted by the second light emitter
25a passes through the fourth optical fiber 63 and is received
by the second light receiver 255. In other words, the second
light emitter 25a of the second optical sensor 25 emits the
light through the third optical fiber 62 into the indenter
channel 234, and the second light receiver 255 of the second
optical sensor 25 receives the light emitted into the indenter
channel 23a through the fourth optical fiber 63.

[0155] According to the constructions shown in FIG. 14,
the size of the speed measuring body 23 can be reduced.
Therefore, the speed measuring body 23 can be inserted into
a small gap. For example, as shown in FIG. 14, it is possible
to measure the coefficient of restitution of a bottomland 654
formed between two adjacent teeth 65a, 656 of a gear 65.
[0156] FIG. 15 is a schematic cross-sectional view show-
ing the apparatus 1 for measuring coefficient of restitution
according to another embodiment. In the apparatus 1 for
measuring coefficient of restitution shown in FIG. 15,
instead of the striker 15 shown in FIG. 1, a piston rod 19 is
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used as an indenter pushing member. The piston rod 19
applies an air pressure to the indenter 2 held in the holder 3,
ejecting the indenter 2 from the holder 3 toward the material
8 by use of this air pressure. Structures of the apparatus 1 for
measuring coefficient of restitution according to the present
embodiment other than the piston rod 19 are identical to
those of the apparatus 1 for measuring coeflicient of resti-
tution described above, and their repetitive descriptions are
omitted.

[0157] The piston rod 19 includes a cylindrical rod body
194, a cylindrical rod support 195 having a diameter greater
than the diameter of the rod body 19a, and a disk-shaped
piston head 19e fixed to the front end of the rod body 19a.
The rod body 19a has its back end embedded in the front end
of the rod support 195, so that the rod body 19« is fixed to
the rod support 195. The central axis of the rod body 19« is
in alignment with the central axis of the body support 195.
The piston head 19e has its outer circumferential surface
slidable against the inner circumferential surface of the inner
cylinder 13. The central axis of the piston head 19e is in
alignment with the central axis of the rod body 19a.
[0158] The front end of the biasing spring 16 is inserted
into a guide hole 19¢ formed in the rod support 1956. The
guide hole 19¢ extends from the back end toward front end
of'the rod support 195, and the central axis of the guide hole
19¢ is in alignment with the central axis of the rod support
195. To the back end of the outer cylinder 12, a plug 18 that
closes the opening of the outer cylinder 12 is fixed, and the
back end of the biasing spring 16 is supported by the plug
18. The plug 18 according to the present embodiment has a
cylindrical shape, and the screw thread is formed on the
outer circumferential surface of the plug 18. The opening
formed on the back end of the outer cylinder 12 is con-
structed as the threaded hole into which the screw thread
formed on the outer circumferential surface of the plug 18 is
screwed. The screw thread formed on the plug 18 engages
with the threaded hole, thereby securing the plug 18 to the
outer cylinder 12. By rotating the plug 18, the plug 18 can
be moved forwards or backwards relative to the outer
cylinder 12. As a result, the biasing force applied to the
piston rod 19 from the biasing spring 16 can be easily
changed, because a length of the biasing spring 16 can be
easily changed.

[0159] With these configurations, the biasing spring 16 is
disposed between the outer cylinder 12 and the piston rod
19. As described above with reference to FIG. 6, the biasing
spring 16 is compressed by movement of the outer cylinder
12, thereby allowing the biasing force to be applied to the
piston rod 19. As shown in FIG. 15, when the biasing spring
16 is compressed, the biasing spring 16 applies the biasing
force for moving the piston rod 19 in the forward direction
of the ejection mechanism 5, to the piston rod 15. This
position of the piston rod 19 is an ejection position of the
piston rod 19.

[0160] An annular groove 194 extending along a circum-
ferential direction of the rod support 195 is formed on the
outer surface of the rod support 196. The groove 194 may be
formed on a part of the outer surface of the rod support 195.
The ejection lever 15 is fixed to the outer surface of the outer
cylinder 12, the ejection lever 15 having the hook 144 that
can engage with the groove 194 when the piston rod 19 is in
the ejected position shown in FIG. 15. The ejection lever 14
has the through hole, and the rotational shaft 17 which is
secured to a bracket (not shown) extending radially out-
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wardly from the outer surface of the outer cylinder 12, is
inserted into this through hole. Therefore, the ejection lever
14 is mounted to the outer cylinder 12 so as to be able to
pivot around the rotational shaft 17. As shown in FIG. 15,
the outer cylinder 12 has the through hole 125 which
penetrates through the side wall of the outer cylinder 12, and
the inner cylinder 13 has the first elongated hole 13e which
penetrates through the side wall of the inner cylinder 13 and
extends along a longitudinal direction of the inner cylinder
13. The hook 14a of the ejection lever 14 passes through the
through hole 1256 of the outer cylinder 12 and the first
elongated hole 13e of the inner cylinder 13 to engage with
the groove 194 of the piston rod 19.

[0161] FIG. 16 is a schematic cross-sectional view show-
ing a state in which the piston rod 19 is pushed out in the
forward direction of the ejection mechanism 5 with use of
the spring force of the biasing spring 16 when the hook 144
of the ejection lever 14 disengages from the groove 194 of
the piston rod 19. As shown in FIG. 16, the piston rod 19 that
has been pushed out in the forward direction of the ejection
mechanism 5, collides with the stopper 20, which has a
hollow cylindrical shape and is fixed to the inner circum-
ferential surface of the inner cylinder 13, and as a result, the
forward movement of the piston rod 19 is restricted. During
the piston rod 15 moves from the ejection position shown in
FIG. 15 to a collision position shown in FIG. 16 where it
collides with the stopper 20, the piston head 19¢ compresses
air that is present in a space extending from the piston head
19¢ to the indenter 2. The pressure of the compressed air acts
on the indenter 2 held in the front end of the holder 3, and
the indenter 2 is ejected toward the specimen 8 by this
pressure of the compressed air. Since movement of the
piston head 19e is restricted by the stopper 20, the piston
head 19e¢ does not contact the indenter 2. In this manner, the
indenter 2 may be ejected toward the specimen 8 by the air
pressure acting on the indenter 2.

[0162] As described above, the length of the biasing
spring 16 can be adjusted by moving the plug 18 supporting
the back end of the biasing spring 16 forwards or backwards
relative to the outer cylinder 12. Therefore, since the biasing
force applied from the biasing spring 16 to the piston rod 19
can be adjusted, the impact speed of the indenter 2 ejected
by the air which is compressed by the piston rod 19 can be
adjusted. When coefficients of restitution of different speci-
mens are to be compared, it is preferred that the material of
the indenter 2 and the impact speed of the indenter 2 are
constant. The apparatus 1 for measuring coefficient of res-
titution according to the present embodiment can easily
adjust the impact speed of the indenter 2.

[0163] An experiment was carried out to confirm that the
mass effect had no effect on a coefficient of restitution
measured using the apparatus 1 for measuring coefficient of
restitution shown in FIG. 1. Specimens used in the experi-
ment were standard blocks, having a cylindrical shape, for
the Shore hardness test, and three standard blocks whose
nominal hardnesses were Shore hardness 90, Shore hardness
60, and Shore hardness 30 respectively, were used. Coeffi-
cients of restitution were measured in a case where these
standard blocks were secured to a steel anvil having a mass
of 5.7 kg, and coefficients of restitution were measured in a
case where these standard blocks were secured to a wood
anvil having a mass of 0.12 kg. FIG. 17 is a plan view of the
standard block used in the experiment, and coefficients of
restitution were measured at five measurement points Pa, Pb,
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Pc, Pd, and Pe shown in FIG. 17. The measurement point Pc
is positioned at the center of the standard block, and the
measurement points Pa, Pe are positioned at outer circum-
ferential areas of the standard block. The measurement point
Pb is positioned between the measurement point Pa and the
measurement point Pc, and the measurement point Pd is
positioned between the measurement point Pc and the mea-
surement point Pe. As comparative examples, the D-type
Shore hardness test and the Leeb hardness test were carried
out on the same measurement points Pa, Pb, Pc, Pd, and Pe.
[0164] The indenter 2 used in the experiment is a bearing
ball made of alumina and having a diameter of 2 mm. The
mass of the indenter 2 was 0.055 g. The indenter 2 was
ejected vertically downwardly. The length of the biasing
spring 16 was adjusted so that the impact speed of the
indenter 2 measured using the first optical sensor 24 and the
second optical sensor 25 would be 10 m/s. The length of the
biasing spring 16 can be adjusted by moving the plug 18
forwards or backwards relative to the outer cylinder 12.
[0165] FIG. 18A is a graph indicating coefficients of
restitution in the case where the standard blocks fixed to the
steel anvil were tested by the apparatus 1 for measuring
coeflicient of restitution, and FIG. 18B is a graph indicating
coeflicients of restitution in the case where the standard
blocks fixed to the wood anvil were tested by the apparatus
1 for measuring coefficient of restitution. As shown in FIGS.
18A and 18B, it was confirmed that there were no differ-
ences in the coeflicients of restitution measured by the
apparatus 1 for measuring coefficient of restitution between
the case where the standard blocks were fixed to the steel
anvil and the case where the standard blocks were fixed to
the wood anvil, and that the coeflicients of restitution were
not affected by the mass effect. It was also confirmed that the
same coeflicients of restitution were measured at all of the
five measurement points Pa, Pb, Pc, Pd, and Pe.

[0166] FIG. 19A is a graph indicating Shore hardnesses in
the case where the standard blocks fixed to the steel anvil
were tested by the D-type Shore hardness tester, and FIG.
19B is a graph indicating Shore hardnesses in the case where
the standard blocks fixed to the wood anvil were tested by
the D-type Shore hardness tester. In the D-type Shore
hardness test, a hammer including an indenter made of
diamond and an indenter support member to which the
indenter is secured at its front end, drops from a predeter-
mined drop height onto the standard block, and a rebound
height reached by the hammer when it has been rebounded,
is measured. The Shore hardness is obtained by multiplying
the ratio of the rebound height to the drop height by a
predetermined proportionality constant. The mass of the
hammer used in the D-type Shore hardness test was 36.2 g
(including the mass of the indenter) and the drop height was
19 mm.

[0167] As shown in FIG. 19A, in the case where the
standard blocks were fixed to the steel anvil, the same shore
hardnesses as the nominal Shore hardnesses of the standard
blocks were measured. In contrast, as shown in FIG. 19B, in
the case where the standard blocks were fixed to the wood
anvil, the measured Shore hardnesses were clearly smaller
than the nominal Shore hardnesses, and thus it was con-
firmed that the mass effect due to the hammer had an effect
on the measured Shore hardnesses. Furthermore, a phenom-
enon that the measured Shore hardnesses were gradually
smaller from the central measurement point toward the
measurement points in the peripheral areas was confirmed.
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[0168] FIG. 20A is a graph indicating Leeb hardnesses in
the case where the standard blocks fixed to the steel anvil
were tested by the Leeb hardness tester, and FIG. 20B is a
graph indicating Leeb hardnesses in the case where the
standard blocks fixed to the wood anvil were tested by the
Leeb hardness tester. The Leeb hardness test is a hardness
testing method in which an impact body including an
indenter and an indenter support member to which the
indenter is secured at its front end, is ejected toward a
specimen by a spring, and an impact speed of the impact
body before impacting against the specimen and a rebound
speed of the impact body when impacting against the
specimen and rebounded therefrom are measured. In the
Leeb hardness test, the rebound speed of the impact body
with respect to the impact speed of the impact body before
impacting against the specimen is measured as a coeflicient
of restitution. The Leeb hardness is obtained by multiplying
the coefficient of restitution by a predetermined proportion-
ality constant. The mass of the impact body used in the Leeb
hardness test was 5.45 g (including the mass of the indenter),
and the impact speed before the impact body impact against
the specimen was 2.1 m/s.

[0169] As shown in FIGS. 20A and 20B, the Leeb hard-
nesses of the standard blocks fixed to the wood anvil were
smaller than the Leeb hardnesses of the standard blocks
fixed to the steel anvil. Therefore, it was confirmed that even
in the Leeb hardness test, the mass effect due to the impact
body had an effect on the measured hardnesses. Further-
more, a phenomenon that the measured Leeb hardnesses
were gradually smaller from the central measurement point
toward the measurement points in the peripheral areas was
confirmed.

[0170] Instead of the shutter mechanism 50 described with
reference to FIGS. 7 through 11, a lid may be fixed to the
front end of the speed measuring body 23 of the speed
measuring unit 6, and the lid may have a lid through hole
which is connected to the indenter channel 234 formed in the
speed measuring body 23. FIG. 21A is a cross-sectional
view showing an example of the lid 70 fixed to the front end
of the speed measuring body 23, and FIG. 21B is a view as
viewed along arrow I in FIG. 21A. Structures of the present
embodiment other than the lid 70 are identical to those of the
embodiments described above, and their repetitive descrip-
tions are omitted.

[0171] As shown in FIG. 21A, the lid 70 fixed to the front
end of the speed measuring body 23 has a lid through hole
71 which is connected to the indenter channel 23a of the
speed measuring body 23. The lid through hole 71 has a
hollow cylindrical shape extending from a front face 70a to
a rear face 705 of the lid 70. In other words, the diameter D
of' the lid through hole 71 is constant from the front face 70a
to the rear face 705b. A central axis of the lid through hole 71
is in alignment with the central axis of the indenter channel
23a. Further, the lid through hole 71 has a diameter D
smaller than the diameter d of the indenter 2 (i.e., D<d).
Therefore, the 1lid 70 prevents the indenter 2 from being
expelled out of the apparatus 1 for measuring coefficient of
restitution, because the indenter 2 cannot pass fully through
the lid through hole 71.

[0172] When the indenter 2 is ejected from the ejection
mechanism 5 in a state in which the front face 70a of the lid
70 is being placed in contact with the surface of the
specimen 8, the impact point where the indenter 2 impacts
against the surface of the specimen 8 may deviate slightly
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from the point of intersection of the surface of the specimen
8 with the central axis of the lid through hole 71. FIG. 22 is
a schematic view showing an example of a distribution of
impact points S where the indenter 2 impacts against the
surface of the specimen 8. As shown in FIG. 22, the impact
points S where the indenter 2 ejected from the ejection
mechanism 5 impacts against the surface of the specimen 8,
lie within a circle having a radius Rs around the point X of
intersection of the surface of the specimen 8 with the central
axis of the lid through hole 71. It has been experimentally
confirmed that the radius Rs is smaller than 0.1 times the
diameter d of the indenter 2. Therefore, when the lid through
hole 71 has a diameter D greater than at least 0.2 times the
diameter d of the indenter 2 (i.e., 0.2 d<D), the indenter 2
ejected from the ejection mechanism 5 can impacts against
the surface of the specimen 8 without colliding with the lid
70.

[0173] The lid through hole 71 has a diameter D smaller
than the diameter d of the indenter 2 so that the indenter 2
is not expelled out of the apparatus 1 for measuring coef-
ficient of restitution. On the other hand, when the indenter 2
ejected from the ejection mechanism 5 collides with the 1lid
70, the lid 70 may be deformed. Therefore, in order to
reliably prevent the indenter 2 ejected from the ejection
mechanism 5 from colliding with the lid 70, the lid through
hole 71 preferably has a diameter D that is as large as
possible within the range smaller than the diameter d of the
indenter 2. The diameter D of the lid through hole 71 is
preferably 0.5 times the diameter d of the indenter 2 or
greater, and more preferably 0.7 times the diameter d of the
indenter 2 or greater, or much more preferably be 0.9 times
the diameter d of the indenter 2 or greater.

[0174] As shown in FIG. 21B, the lid 70 is fastened to the
speed measuring body 23 by three screws (fasteners) 73. The
screws 73 engage with threaded holes (not shown) formed in
the speed measuring body 23, so that the lid 70 is fastened
to the speed measuring body 23. The screws 73 are screwed
into the threaded holes formed in the speed measuring body
23 so as not to project from the front face 70a of the lid 70.
With this structure, the front face 70a of the lid 70 can
directly be contacted with the surface of the specimen 8. The
number of screws 73 may be less than three or more than
three. Instead of the screws 73, hexagonal bolts may be used
as fasteners for fastening the lid 70 to the speed measuring
body 23.

[0175] The lid through hole 71 allows a part of the
indenter 2 to pass through the lid 70, but the indenter 2 in its
entirety cannot pass through the lid 70. The lid 70 having
such lid through hole 71 is simpler in structure than the
shutter mechanism 50, and thus can be manufactured less
expensively than the shutter mechanism 50. As a result, a
manufacturing cost of the apparatus 1 for measuring coef-
ficient of restitution can be reduced. Further, since the
diameter D of the lid through hole 71 is smaller than the
diameter d of the indenter 2, the indenter 2 ejected from the
ejection mechanism 5 is reliably prevented from being
expelled out of the speed measuring body 23. As a result,
when the indenter 2 is ejected from the ejection mechanism
5 in a state in which the front face 70a of the lid 70 is not
placed in contact with the surface of the specimen 8, the
indenter 2 does not collide with the operator in the vicinity
of the apparatus 1 for measuring coefficient of restitution.
Accordingly, the safety of operator is increased. Further-
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more, a loss of the indenter 2 is effectively prevented, so that
the burden on the operator is reduced.

[0176] As shown in FIG. 21A, the speed measuring body
23 may have vent holes 75 extending from side surfaces of
the speed measuring body 23 to the indenter channel 23a.
The vent holes 75 provided with the speed measuring body
23 prevent air in the indenter channel 23a from being
compressed by the indenter 2 passing through the indenter
channel 23q. If air in the indenter channel 234 is compressed
by the indenter 2 ejected from the ejection mechanism 5, the
impact speed of the indenter 2 may be reduced, and the
rebound speed of the indenter 2 may be increased. The vent
holes 75 provided with the speed measuring body 23 enables
the indenter channel 234 to communicate with the exterior
of the speed measuring body 23. Preferably, the vent holes
75 are provided at positions close to the front end of the
speed measuring body 23. Accordingly, a more correct
coeflicient of restitution of the specimen 8 can be measured,
because air in the indenter channel 23« is not compressed by
the indenter 2 passing through the indenter channel 23a. In
this embodiment, though two vent holes 75 are formed in the
speed measuring body 23, the number of vent holes 75 may
be one, or three or more.

[0177] A cross-sectional shape of the vent hole 75 can be
determined arbitrarily. For example, the vent holes 75 may
have a circular cross-sectional shape or a rectangular cross-
sectional shape. The size of the vent hole 75 is preferably
smaller than the size of the indenter 2. In this case, the
indenter 2 is prevented from being expelled out of the speed
measuring body 1 through the vent holes 75.

[0178] FIG. 23 is a cross-sectional view showing a modi-
fied example of the lid 70 fixed to the front end of the speed
measuring body 23. In the embodiment shown in FIG. 23, a
wall surface 71a of the lid through hole 71 in the lid 70 is
formed in a curved surface. The wall surface 71a of the lid
through hole 71 has a radius rc of curvature which is
constant from the front face 70a to the rear face 705 of the
lid 70 and greater than the radius rd of curvature of the outer
surface of the indenter 2. Since the indenter 2 has a spherical
shape, the radius rd of curvature of the outer surface of the
indenter 2 is the same as a radius (=d/2) of the indenter 2.
[0179] Because the wall surface 71a of the lid through
hole 71 is constructed by a curved surface having the
constant radius rc of curvature, the diameter D of the lid
through hole 71 is gradually reduced from the rear surface
705 toward the front face 70a of the lid 70. Therefore, a
minimum diameter D,,, of the lid through hole 71 is
represented by a diameter of the lid through hole 71 that is
open at the front face 70a of the lid 70. The minimum
diameter D,,,,, of the lid through hole 71 is smaller than the
diameter d of the indenter 2. Therefore, since the indenter 2
cannot pass fully through the lid through hole 71, the lid 70
prevents the indenter 2 from being expelled out of the
apparatus 1 for measuring coeflicient of restitution. Further-
more, the minimum diameter D,,,,, of the lid through hole 71
is at least 0.2 times the diameter d of the indenter 2.
Therefore, the indenter 2 ejected from the ejection mecha-
nism 5 can impact against the surface of the specimen 8
without colliding with the lid 70. The wall surface 71a
formed in a curved surface effectively prevents the indenter
2 ejected from the ejection mechanism 5 from colliding with
the lid 70.

[0180] In order to reliably prevent the indenter 2 ejected
from the ejection mechanism 5 from colliding with the lid
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70, the minimum diameter D,,;, of the lid through hole 71 is
preferably 0.5 times the diameter d of the indenter 2 or
greater, and more preferably 0.7 times the diameter d of the
indenter 2 or greater, or much more preferably 0.9 times the
diameter d of the indenter 2 or greater.

[0181] FIG. 24 is a cross-sectional view showing another
modified example of the lid 70 fixed to the front end of the
speed measuring body 23. In the embodiment shown in FIG.
24, the front end of the speed measuring body 23 has a
hollow cylindrical portion 23/, and the indenter channel 23«
extends to the front end of the hollow cylindrical portion
23h. The 1id 70 has a hollow cylindrical step 70¢ into which
the hollow cylindrical portion 23/ is fitted. Although the lid
through hole 71 according to the present embodiment has a
hollow cylindrical shape, the wall surface 71a of the lid
through hole 71 may be formed in a curved surface having
a constant radius rc of curvature, as shown in FIG. 23. The
central axis of the 1id through hole 71 can easily be aligned
with the central axis of the indenter channel 23a by fitting
the step 70c¢ of the lid 70 into the hollow cylindrical portion
23h of the speed measuring body 23.

[0182] In this embodiment, the vent holes 75 extend from
side surfaces of the lid 70 to the indenter channel 234. The
vent holes 75 pass through the hollow cylindrical portion
23k of the speed measuring body 23. As shown in FIG. 23,
the vent holes 75 may extend from side surfaces of the lid
70 through the hollow cylindrical portion 234 to the indenter
channel 23a.

[0183] Experiments were carried out to measure coeffi-
cients of restitution using the apparatus 1 for measuring
coeflicient of restitution in which the lid 70 shown in FIG.
21 was fixed to the front end of the speed measuring body
23. Specimens used in the experiment were standard blocks,
having a cylindrical shape, for the Shore hardness test, and
three standard blocks whose nominal hardnesses were Shore
hardness 90, Shore hardness 60, and Shore hardness 30
respectively, were used. Using the same apparatus 1 for
coeflicient of restitution, coeflicients of restitution of stan-
dard blocks, having a cylindrical shape, for the Rockwell
hardness test were also measured. In the experiments, the
ratio of the diameter da (see FIG. 21) of the indenter channel
23a to the diameter d of the indenter 2 was changed, and an
effect that the relationship between the diameter da of the
indenter channel 234 and the diameter d of the indenter 2 has
on the measured coefficients of restitution was also evalu-
ated. Coefficients of restitution of the same standard blocks
were measured using the apparatus 1 for measuring coeffi-
cient of restitution with the shutter mechanism 50 mounted
in the speed measuring body 23, and the obtained measured
results were used as reference values.

[0184] The indenter 2 used in a first experiment was a
bearing ball made of alumina, and the diameter d of the
indenter 2 was 3 mm. The diameter D of the lid through hole
71 was 2.8 mm Therefore, the lid through hole 71 had a
diameter D that was 0.93 times the diameter d of the indenter
2. The diameter da of the indenter channel 234 was 5 mm.
Therefore, the indenter channel 234 had a diameter da that
was 1.67 times the diameter d of the indenter 2. The length
of the biasing spring 16 was adjusted so that the impact
speed of the indenter 2 would be 10 m/s.

[0185] The indenter 2 used in a second experiment was a
bearing ball made of alumina, and the diameter d of the
indenter 2 was 3 mm. The diameter D of the lid through hole
71 was 2.8 mm. Therefore, the lid through hole 71 had a



US 2017/0131193 Al

diameter D that was 0.93 times the diameter d of the indenter
2. The diameter da of the indenter channel 23a was 4 mm.
Therefore, the indenter channel 234 had a diameter da that
was 1.33 times the diameter d of the indenter 2. The length
of the biasing spring 16 was adjusted so that the impact
speed of the indenter 2 would be 10 m/s.

[0186] The indenter 2 used in a third experiment was a
bearing ball made of alumina, and the diameter d of the
indenter 2 was 5 mm. The diameter D of the lid through hole
71 was 4.7 mm Therefore, the lid through hole 71 had a
diameter D that was 0.94 times the diameter d of the indenter
2. The diameter da of the indenter channel 23a was 7 mm.
Therefore, the indenter channel 234 had a diameter da that
was 1.4 times the diameter d of the indenter 2. The length of
the biasing spring 16 was adjusted so that the impact speed
of the indenter 2 would be 10 m/s.

[0187] In order to obtain reference values for comparing
coeflicients of restitution obtained in the first experiment, the
second experiment, and the third experiment, coefficients of
restitution of the same standard blocks were measured using
the apparatus 1 for measuring coefficient of restitution with
the shutter mechanism 50 mounted in the speed measuring
body 23. The indenter 2 used in the experiments for obtain-
ing the reference values was a bearing ball made of alumina,
and the diameter d of the indenter 2 was 3 mm. The diameter
da of the indenter channel 23a was 5 mm. Therefore, the
indenter channel 234 had a diameter da that was 1.67 times
the diameter d of the indenter 2. The length of the biasing
spring 16 was adjusted so that the impact speed of the
indenter 2 would be 10 m/s.

[0188] Coeflicients of restitution obtained in the first
experiment, the second experiment, and the third experi-
ment, and coefficients of restitution measured as reference
values are indicated in Table 1. The coefficients of restitution
and the reference values indicated in Table 1 are average
values of seven coefficients of restitution measured at dif-
ferent positions on the specimens.

TABLE 1
Reference First Second Third
values experiment  experiment  experiment
Shore hardness 95 0.930 0.930 0916 0.936
Shore hardness 80 0.862 0.868 0.853 0.870
Shore hardness 30 0.546 0.547 0.542 0.546
Rockwell 0.626 0.630 0.619 0.633

hardness 30

[0189] As is clear from Table 1, the coeflicients of resti-
tution obtained in the first experiment, the second experi-
ment, and the third experiment are essentially the same as
the coeflicients of restitution measured as reference values.
Therefore, the apparatus 1 for measuring coeflicient of
restitution with the lid 70 fixed to the front end of the speed
measuring body 23 can measure coefficients of restitution
without being affected by the mass effect occurring in a
conventional rebound hardness tester. Further, it was con-
firmed from the results of the first experiment and the results
of the second experiment that even though the indenters 2
having different diameters d are used, the same coefficients
of restitution can be obtained by fixing the impact speed of
the indenter 2 to a constant.

[0190] The coeflicients of restitution obtained in the sec-
ond experiment are slightly smaller than the coefficients of
restitution obtained in the first experiment and the coeffi-
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cients of restitution obtained in the third experiment. On the
other hand, the coeflicients of restitution obtained in the first
experiment and the coefficients of restitution obtained in the
third experiment are the same as the reference values. The
reason of this is considered to be the fact that the wall
surface of the indenter channel 23a and the outer surface of
the indenter 2 are too close to each other. Therefore, in order
to obtain more correct coefficients of restitution, it is pre-
ferred that the indenter channel 23a has a diameter da which
is 1.4 times the diameter d of the indenter 2 or greater. Also
in the apparatus 1 for measuring coefficient of restitution
with the shutter mechanism 50 mounted in the speed mea-
suring body 23, it is preferred that the indenter channel 23a
has a diameter da which is 1.4 times the diameter d of the
indenter 2 or greater.

[0191] In this manner, according to the above-described
apparatus 1 for measuring coefficient of restitution, the
coeflicient of restitution can be measured without being
affected by the mass effect occurring in a conventional
rebound hardness tester. Furthermore, according to the
above-described apparatus 1 for measuring coefficient of
restitution, there is no limitation on the direction in which
the indenter 2 is ejected, because the indenter 2 is held in the
holder 3. As a result, tests can be performed in free direc-
tions without being affected by the mass effect.

[0192] The apparatus 1 for measuring coefficient of resti-
tution according to the above-described embodiments can be
used as a hardness tester. Specifically, the hardness tester
includes the holder 3 for holding the spherical indenter 2, the
ejection mechanism 5 for ejecting the indenter 2 held by the
holder 3 from this holder 3 toward the specimen 8, a speed
measuring unit 6 for measuring the impact speed which
represents the speed of the indenter 2 before the indenter 2
impacts against the specimen 8 and the rebound speed which
represents the speed of the indenter 2 after the indenter 2 has
been rebounded from the specimen 8. Further, the hardness
tester includes the arithmetic unit 7, and the arithmetic unit
7 determines a hardness of the specimen 8 based on the ratio
(i.e., corresponding to the coefficient of restitution) of the
rebound speed of the indenter 2 to the impact speed of the
indenter 2.

[0193] In the hardness tester, the indenter 2 held by the
holder 3 is ejected from the holder 3 toward the specimen by
the ejection mechanism 5. The speed measuring unit 6
measures the impact speed which represents the speed of the
indenter 2 before the indenter 2 impacts against the speci-
men 8, and the rebound speed which represents the speed of
the indenter 2 after the indenter 2 has been rebounded from
the specimen 8. Further, the arithmetic unit 7 determines the
hardness of the specimen 8 based on the ratio of the rebound
speed of the indenter 2 to the impact speed of the indenter
2. For example, the arithmetic unit 7 determines the hard-
ness of the specimen 8 by multiplying the ratio of the
rebound speed of the indenter 2 to the impact speed of the
indenter 2 by a predetermined proportionality constant (e.g.,
100 or 1000).

[0194] If the hardness of the specimen 8 is measured by
this hardness tester, the hardnesses of different specimens 8
can be compared with each other by adjusting the impact
speed, which represents the speed of the indenter 2 before
the indenter 2 impacts against the specimen 8, so as to be
constant, and using the indenter 2 made of the same material.
As described above, the impact speed of the indenter 2 can
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easily be adjusted by moving the plug 18 forwards or
backwards relative to the outer cylinder 12.

[0195] The previous description of embodiments is pro-
vided to enable a person skilled in the art to make and use
the present invention. Moreover, various modifications to
these embodiments will be readily apparent to those skilled
in the art, and the generic principles and specific examples
defined herein may be applied to other embodiments. There-
fore, the present invention is not intended to be limited to the
embodiments described herein but is to be accorded the
widest scope as defined by limitation of the claims and
equivalents.

What is claimed is:

1. An apparatus for measuring coefficient of restitution,
comprising:

a holder for holding a spherical indenter;

an ejection mechanism configured to eject the indenter
held by the holder from the holder to a specimen;

a speed measuring unit configured to measure an impact
speed that is a speed of the indenter before the indenter
impacts against the specimen, and a rebound speed that
is a speed of the indenter after the indenter is rebounded
from the specimen; and

an arithmetic unit configured to calculate a coefficient of
restitution that is a ratio of the rebound speed to the
impact speed.

2. The apparatus for measuring coeflicient of restitution

according to claim 1, wherein the holder has a tubular shape,

a front end of the holder is constituted of a plurality of
divided portions by forming slits extending parallel to
an axis of the holder, and

the holder holds a circumferential surface of the indenter
at the divided portions.

3. The apparatus for measuring coeflicient of restitution
according to claim 1, wherein the ejection mechanism
includes

an inner cylinder with a through hole forming therein,

an outer cylinder having an inner circumferential surface
slidably supported by an outer circumferential surface
of the inner cylinder,

an indenter pushing member movable in the through hole,
and

a biasing spring which is disposed between the outer
cylinder and the indenter pushing member, and is
compressed by movement of the outer cylinder to apply
a biasing force to the indenter pushing member, and

the outer cylinder has an ejection lever which can engage
with a groove formed on an outer surface of the
indenter pushing member.

4. The apparatus for measuring coeflicient of restitution
according to claim 3, wherein the indenter pushing member
is a striker which collides with the indenter held by the
holder.

5. The apparatus for measuring coeflicient of restitution
according to claim 3, wherein the indenter pushing member
is a piston rod which applies an air pressure to the indenter
held by the holder.

6. The apparatus for measuring coefficient of restitution
according to claim 3, wherein the speed measuring unit
includes

a speed measuring body having an indenter channel which
is connected to the through hole, and

a first passage sensor and a second passage sensor which
are arrayed along the indenter channel.
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7. The apparatus for measuring coefficient of restitution
according to claim 6, wherein the first passage sensor and
the second passage sensor are optical sensors.

8. The apparatus for measuring coefficient of restitution
according to claim 6, wherein the speed measuring unit
further includes a third passage sensor,

the first passage sensor, the second passage sensor, and the

third passage sensor are arrayed along the indenter
channel, and

the arithmetic unit calculates an acceleration of the

indenter from a speed of the indenter passing between
the first passage sensor and the second passage sensor,
and a speed of the indenter passing between the second
passage sensor and the third passage sensor, and further
calculates an impact speed at the instant at which the
indenter impacts against the specimen, and a rebound
speed at the instant at which the indenter is rebounded
from the specimen.

9. The apparatus for measuring coefficient of restitution
according to claim 8, wherein the first passage sensor, the
second passage sensor, and the third passage sensor are
optical sensors.

10. The apparatus for measuring coefficient of restitution
according to claim 3, wherein the speed measuring unit
includes

a speed measuring body having an indenter channel which

is connected to the through hole, and

a first passage sensor and a second passage sensor which

are arrayed along the indenter channel,

the first passage sensor is an optical sensor having a first

light emitter and a first light receiver,

the second passage sensor is an optical sensor having a

second light emitter and a second light receiver,

the first light emitter emits light through a first optical

fiber into the indenter channel, and the first light
receiver receives the light emitted into the indenter
channel through a second optical fiber,

the second light emitter emits light through a third optical

fiber into the indenter channel, and the second light
receiver receives the light emitted into the indenter
channel through a fourth optical fiber.

11. The apparatus for measuring coefficient of restitution
according to claim 3, wherein the speed measuring unit
includes

a speed measuring body having an indenter channel which

is connected to the through hole, and

a first passage sensor which is disposed in the indenter

channel,

the arithmetic unit detects a detection starting point of

time of the indenter at the first passage sensor and a
detection ending point of time of the indenter at the first
passage sensor, and

the arithmetic unit calculates the impact speed and the

rebound speed by dividing a diameter of the indenter by
a time between the detection starting point of time and
the detection ending point of time.

12. The apparatus for measuring coefficient of restitution
according to claim 3, wherein the speed measuring unit
includes a speed measuring body having an indenter channel
which is connected to the through hole, and

the speed measuring body has a shutter mechanism which

opens an opening of the indenter channel when the
speed measuring unit contacts the specimen, and closes
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the opening of the indenter channel when the speed
measuring unit is separated from the specimen.

13. The apparatus for measuring coefficient of restitution
according to claim 12, wherein the shutter mechanism
includes

a door disposed at the opening of the indenter channel,

an opening/closing rod whose front end projects from the
speed measuring body, and

a link mechanism for converting movement of the open-
ing/closing rod into opening/closing movement of the
door.

14. The apparatus for measuring coefficient of restitution
according to claim 3, wherein the speed measuring unit
includes a speed measuring body having an indenter channel
which is connected to the through hole,

a lid is fixed to a front end of the speed measuring body,
the lid having a lid through hole which is connected to
the indenter channel, and

the 1id through hole has a diameter which is greater than
0.2 times a diameter of the indenter, and is smaller than
the diameter of the indenter.

15. The apparatus for measuring coefficient of restitution
according to claim 14, wherein a wall surface of the lid
through hole is formed in a curved surface, and

a radius of curvature of the wall surface is greater than a
radius of curvature of the indenter.

16. The apparatus for measuring coefficient of restitution
according to claim 14, wherein a vent hole extending from
a side surface of the speed measuring body to the indenter
channel, is formed in the speed measuring body.

17. The apparatus for measuring coefficient of restitution
according to claim 14, wherein the indenter channel has a
diameter which is 1.4 times the diameter d of the indenter or
greater.
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18. The apparatus for measuring coefficient of restitution
according to claim 3, wherein the speed measuring unit
includes a speed measuring body having an indenter channel
which is connected to the through hole,

a coupling mechanism for coupling the holder to the outer

cylinder is further provided, and

when the outer cylinder moves toward the speed measur-
ing unit, the holder moves in the forward direction in
the indenter channel to hold the indenter which exists
in the indenter channel.

19. The apparatus for measuring coefficient of restitution
according to claim 1, wherein the indenter is made of
ceramics.

20. The apparatus for measuring coefficient of restitution
according to claim 19, wherein the indenter is a bearing ball
made of alumina.

21. The apparatus for measuring coefficient of restitution
according to claim 1, wherein a diameter of the indenter is
in a range from 0.5 mm to 5 mm.

22. A hardness tester, comprising:

a holder for holding a spherical indenter;

an ejection mechanism configured to eject the indenter
held by the holder from the holder to a specimen;

a speed measuring unit configured to measure an impact
speed that is a speed of the indenter before the indenter
impacts against the specimen, and a rebound speed that
is a speed of the indenter after the indenter is rebounded
from the specimen; and

an arithmetic unit configured to decide hardness of the
specimen based on a ratio of the rebound speed to the
impact speed.



