TEST APPARATUS

BACKGROUND CF THE | NVENTI ON

Field of the Invention

The present invention relates to a test apparatus
for neasuring the strength of a specinen.

Description of the Related Art

A plurality of devices such as an integrated
circuit (IC or large-scale integration (LSI) is forned
on a sem conductor wafer. Dividing the sem conductor
waf er produces a plurality of device chips each including
one of these devices. The device chips are built in
various electronic equipnment typified by nobile phones
and personal conputers.

A cutting apparatus is used to divide a
sem conduct or wafer. The cutting apparatus includes a
chuck table and a cutting unit, for exanple. The chuck
table holds the sem conductor wafer. The cutting unit
i ncl udes an annular cutting blade nounted thereon. The
cutting blade is used to cut the sem conductor wafer. By
rotating the cutting blade and causing the cutting bl ade
to cut into the sem conductor wafer, the sem conductor
wafer is cut and divided into a plurality of device chips.

In recent years, electronic equipnent has becone smaller



and thinner. This creates a need for thinner device chips.
To neet the need, there is a nethod avail able that grinds
and thins the sem conductor wafer before division. The
sem conductor wafer is ground using a grinding apparatus.

The grinding apparatus includes a chuck table and a
grinding unit, for exanple. The chuck table holds the
sem conduct or wafer. The grinding wunit includes a
grinding wheel nounted thereon. The grinding wheel

I ncludes a grinding stone for grinding the sem conductor

waf er .

When the sem conductor wafer is processed using the
above-descri bed cutting apparatus or grinding apparatus,
processing strain (such as cutting strain or grinding
strain) may be forned in the sem conductor wafer. |If this
processing strain remains in a device chip obtained by
di viding the sem conductor wafer, it is likely that the
strength of the device chip decreases and the device chip
is damaged. Therefore, the processing conditions of the
sem conductor wafer are set so as to maintain the
strength of the device chip above a certain |evel.

The strength of the device chip is neasured by a
three-point bending test wusing the device chip as a
speci men, for exanple. The three-point bending test

measures the strength of the specinen by pressing an



i ndenter against a central portion of the specinen wth
both ends of the specinmen supported and nonitoring the
| oad applied to the indenter pressing the specinen. For
exanpl e, Japanese Patent Laid-Open No. Hei 9-229838
di scloses a test apparatus (neasuring apparatus) for
nmeasuring the strength (bending strength) of the specinen

by perform ng the three-point bending test.

SUMMVARY OF THE | NVENTI ON

When the test apparatus neasures the strength of
the specinen, the test apparatus presses the indenter
against the specinen until the specinmen is broken and
detects the maxinmum value of the l|load applied to the
i ndenter, for exanple. Wen the specinen is broken,
fragnents of the specinen are scattered. Therefore, the
operator who operates the test apparatus wears a
protector such as goggles during the test. However ,
wearing the protector narrows the field of view of the
operator and reduces the visibility of the specinen and
the conponents (such as the indenter) of the test
apparatus. The reduced visibility makes it difficult to
test the strength of the specinen.

The present invention has been nmade in view of the

above-descri bed issue. It is an object of the present



invention to provide a test apparatus capable of
facilitating a strength test of a specinen.

In accordance with an aspect of +the present
invention, there 1is provided a test apparatus for
measuring strength of a specinen. The test apparatus
i ncludes: a |ower container having an opening that opens
upwar d; an upper container having an opening that opens
downward and being sized to be insertable into the
opening of the lower container; a support unit that is
provided in the opening of the Ilower container and
supports the specinmen; a pressing unit including an
I ndent er t hat presses the specinen, and a |oad
nmeasurenent wunit that measures a l|oad applied to the
indenter; and a novenent nechanism that noves the
i ndenter closer and away relative to the support unit, in
whi ch when the specinmen supported by the support unit is
pressed by the indenter noved by the novenent nechani sm
the wupper container is positioned so as to cover the
speci nen.

Preferably, the test apparatus further includes: a
fragnent di scharge path having one end that is coupled to
a fragnent discharge port formed at a bottom of the | ower
contai ner and having another end that is coupled to a

suction source; and a fragnment collector that is provided
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in the fragment discharge path and collects a fragnment of
t he speci nen. Preferably, noreover, the test apparatus
further includes a nozzle that blows air toward the
i ndenter. Preferably, noreover, the support unit includes
a pair of support portions that is spaced apart from each
ot her and supports a |ower surface side of the specinen

and a pair of contact nenbers each provided on either
side of the pair of support portions and each having a
contact surface that contacts and supports the specinen,
each of the pair of contact nenbers is provided such that
the contact surface is positioned higher than upper ends
of the pair of support portions, the indenter is
positioned above the pair of support portions so as to
overlap with a region between the pair of support
portions, and when the specinmen is pressed by the
i ndenter, the specinen is supported by the pair of
support portions.

In the test apparatus according to the described
aspect of the present invention, when the specinen
supported by the support unit is pressed by the indenter,
the wupper container is positioned so as to cover the
speci nmen. Therefore, the upper container positioned in
this manner prevents fragments of the specinen from

scattering outside the test apparatus when the specinen



is pressed and broken by the indenter. As described above,
since the upper container prevents the fragnents of the
specimen from scattering outside the test apparatus, the
operator of the test apparatus does not need to wear a
protector such as goggles when testing the strength of
t he specinen. This, in turn, prevents a reduction in
visibility of the specinen and the conponents (such as
the indenter) of the test apparatus due to wearing of the
protector, and facilitates the strength test of the
speci nmen.

The above and other obj ect s, features and
advantages of the present invention and the nanner of
realizing them wll becone nore apparent, and the
invention itself will best be understood from a study of
the following description and appended <clains wth
reference to the attached drawings showing a preferred

enbodi nent of the invention.

BRI EF DESCRI PTI ON OF THE DRAW NGS
FIG 1 is a perspective view of a test apparatus;
FIG 2 is a perspective view of a support unit;
FIG 3 is a perspective view of a pressing unit;
FIG 4 is a cross-sectional view of the test

apparatus with a speci nen supported by the support unit;



FIG 5 is a cross-sectional view of the test
apparatus with the specinen contacting support portions
of a pair of support bases; and

FIG 6 is a cross-sectional view of the test

apparatus with the specinen broken.

DETAI LED DESCRI PTI ON OF THE PREFERRED ENMBODI MENT

An enbodi ment according to an aspect of the present
invention will be described below with reference to the
acconmpanyi ng draw ngs. First, an exanple of a
configuration of a test apparatus according to the
present enbodinment w Il be described. FIG 1 is a
perspective view of a test apparatus 2 for testing the
strength of a specinen (test piece).

The test apparatus 2 neasures the bending strength
(flexural strength) of the specinen such as a device chip.

A silicon wafer has regions that are each defined by a

plurality of di vi si on pl anned i nes (streets)
I ntersecting each other. Each region includes a device
such as an IC or LSI. Dividing the silicon wafer along

the plurality of division planned l|ines produces device
chi ps, for exanple.
There is no limtation to, for exanple, the type,

the material, the shape, the structure, and the size of



the specinmen whose strength is neasured by the test
apparatus 2. For exanple, the specinen may be a test chip
obtai ned by dividing a wafer having a front side on which
no device is formed and a back side ground or polished
under a predeterm ned condition. The result of neasuring
the strength of the chip using the test apparatus 2 can
be wused to select the processing conditions of the
sem conductor wafer, for exanple. The specinmen may al so
be a chip or the |like obtained by dividing a substrate
made of a sem conductor (SiC, GAs, InP, GaN, or the
like) other than silicon, or another material such as
sapphire, glass, ceramcs, resin, or netal.

The test apparatus 2 includes a box-like |ower
cont ai ner (cont ai ner) 4 havi ng a rect angul ar
par al | el epi ped shape. The Ilower container 4 has an
openi ng 4b having a rectangul ar parall el epi ped shape. The
opening 4b is fornmed on an upper surface 4a side of the
| oner container 4 and opens upward. A support unit
(support neans) 6 is provided inside the opening 4b. The
support wunit 6 supports the specinmen whose strength is
measured by the test apparatus 2.

FIG 2 is a perspective view of the support unit 6
The support wunit 6 includes a pair of support bases 8,

whi ch supports the specinen. The pair of support bases 8



has a rectangular parallelepiped shape and is spaced
apart from each other so as to provide a gap 10 between
the pair of support bases 8. Each of the pair of support
bases 8 has an upper surface 8a and is provided such that
a longitudinal direction of the upper surface 8a is
par al | el to a first hori zont al direction (X-axis
direction, front-rear direction). The specinmen whose
strength is neasured is placed on the pair of support
bases 8.

A columar (bar-shaped) support portion 8b is
formed on each of the upper surfaces 8a of the pair of
support bases 8. Specifically, each support portion 8b
protrudes upward from a corresponding one of the upper
surfaces 8a. Each support portion 8b is nmde of neta
such as, for exanple, a stainless steel material. Each
support portion 8b is provided adjacent to the gap 10
such that a |longitudinal direction of each support
portion 8b is parallel to the X-axis direction. The pair
of support portions 8b is spaced apart from each other
with the gap 10 interposed therebetween, and supports a
| ower surface side of the specinen. Wth reference to FIG
2, each support portion 8b has a curved upper surface.

A plate-like contact nmenber 12 is formed on each of

the upper surfaces 8a of the pair of support bases 8 and



is made of a material (such as a rubber sponge) that is
nore flexible than the support portion 8b. The pair of
contact nenbers 12 has a rectangular shape in plan view
and is each provided on either side of the pair of
support portions 8b. Specifically, each contact nenber 12
is provided on the side, which is opposite to the gap 10,
of a correspondi ng one of the pair of support portions 8b,
and the pair of support portions 8b is provided between
the pair of contact nenbers 12. Upper surfaces of the
pair of contact nenbers 12 constitute respective contact
surfaces 12a. The contact surfaces 12a contact and
support the specinen. Each contact nenber 12 is provided
such that the corresponding contact surface 12a thereof
Is positioned higher than wupper ends of the pair of
support portions 8b (approximately 1 mm higher than the
upper ends of the pair of support portions 8b, for
exanple). Therefore, when the specinen is placed on the
pair of support bases 8, the |ower surface side of the
speci nen does not contact the pair of support portions 8b
but contacts the contact surfaces 12a of the pair of
contact nenbers 12. Details of the contact of the pair of
support portions 8b and the pair of contact nenbers 12
with the specimen will be described later (see FIGS. 4 to

6) .
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A support-base novenent mechanism (support-base
novenent nmeans) 14 is provided on a rear side of the pair
of support bases 8. The support-base novenent nechani sm
14 noves each of the pair of support bases 8 in a second
hori zont al di rection (Y-axis di rection, | eft-right
di rection) per pendi cul ar to the first hori zont al
di rection. The support-base novenent nechanism 14
includes a support structure 16 having a rectangul ar
paral | el epi ped shape. A pair of guide rails 18 is fixed
to a front surface side (front side) of the support
structure 16 in the Y-axis direction with a predeterm ned
gap interposed between the pair of guide rails 18. A pair
of ball screws 20 is provided between the pair of guide
rails 18 and is substantially parallel to the pair of
guide rails 18. A pulse notor 22 is coupled to one end of
each of the pair of ball screws 20 and rotates the
correspondi ng one of the pair of ball screws 20.

The support-base novenent nechanism 14 includes a
pair of novenent plates 24. Each novenent plate 24 is
fixed to a rear surface side of a corresponding one of
the pair of support bases 8. Each novenent plate 24 is
slidably nounted on the pair of guide rails 18 provided
on the front surface side of the support structure 16. A

nut portion, not illustrated, is provided on a rear
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surface side (back side) of each of the pair of novenent
plates 24. The nut portion provided in one of the pair of
novenent plates 24 is screwed into one of the pair of
ball screws 20, while the nut portion provided in the
other one of the pair of novenment plates 24 is screwed
into the other one of the pair of ball screws 20. Wen
the pair of ball screws 20 is rotated by the respective
pul se notors 22, the pair of novenent plates 24 screwed
into the respective ball screws 20 noves along the pair
of guide rails 18 in the Y-axis direction. In this manner,
the position of each of the pair of support bases 8 in
the Y-axis direction and the width of the gap 10 are
control | ed.

There is no limtation to, for exanple, the shapes
and the sizes of the |ower container 4 and the opening 4b
illustrated in FIG 1. The shapes and the sizes of the
| ower container 4 and the opening 4b are changed as
appropriate according to the shapes and the sizes of the
support unit 6 and the support-base novenent nmechani sm 14.

A pressing unit 26 is provided above the | ower
container 4. The pressing unit 26 presses the specinen
supported by the support wunit 6 and neasures the | oad
applied to the pressing unit 26 at the tinme of pressing

t he speci nen.
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FIG 3 is a perspective view of the pressing unit
26. The pressing unit 26 includes a novenent base 28
coupled to a novenent nmechani sm (novenment neans) 40. A
cylindrical first support nmenber 30 is coupled to a | ower
surface of the novenent base 28 and extends downward from
the lower surface of the novenent base 28. A |oad
measurenent unit (load neasurenent neans) 32 is fixed to
a lower end side of the first support nenber 30. The | oad
measurenment unit 32 includes a load cell and the like. A
hol di ng nmenber 36 is coupled to a |ower side of the |oad
nmeasurenent unit 32 with a cylindrical second support
nmenber 34 interposed between the holding nenber 36 and
the | oad neasurenent unit 32. The hol ding nenber 36 has a
substantially gate shape in front view, and has a pair of
hol di ng surfaces 36a facing each other. An indenter 38 is
fixed between the pair of holding surfaces 36a and
presses the specinen supported by the support unit 6.

A tip portion (lower end portion) of the indenter
38 has a tapered shape with the width thereof decreasing
downwar d. Specifically, both side surfaces of the tip
portion of the indenter 38 are inclined relative to a
verti cal di rection (Z-axis di rection, t op- bott om
direction). Although the tip (lower end) of the indenter

38 has a rounded shape (R shape) (see FIG 4), the shape
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of the indenter 38 is not limted to the rounded shape.
The indenter 38 is supported by the holding nmenber 36
such that the lower end of the indenter 38 is parallel to
the X-axis direction. [In other words, the l[ower end of
the indenter 38 and the pair of support portions 8b (see
FIG 2) included in the support unit 6 are substantially
parallel to each other.

The novenment mechanism 40 is provided on a rear
side (back side) of the pressing unit 26. The nbvenent
mechani sm 40 noves the pressing unit 26 in the vertica
direction. The novenent nechani sm 40 includes a support
structure 42 having a rectangul ar parallel epi ped shape. A
pair of guide rails 44 is fixed to a front surface side
(front side) of the support structure 42 in the Z-axis
direction with a predeterm ned gap interposed between the
pair of qguide rails 44. A ball screw 46 is provided
between the pair of guide rails 44 and is substantially
parallel to the pair of guide rails 44. A pulse notor 48
is coupled to one end of the ball screw 46 and rotates
the ball screw 46.

A rear surface side (back side) of the novenent
base 28 of the pressing unit 26 is slidably nounted on
the pair of guide rails 44. A nut portion, not

illustrated, is provided on the rear surface side of the
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novenent base 28 and is screwed into the ball screw 46.
Wien the ball screw 46 is rotated by the pulse notor 48
the novenent base 28 noves in the Z-axis direction along
the pair of guide rails 44. 1In this manner, the position
of the pressing unit 26 in the Z-axis direction 1is
control | ed. As the novenent nmechanism 40 noves the
pressing unit 26 in the Z-axis direction, the indenter 38
noves closer or away relative to the support unit 6.

As illustrated in FIG 1, a pair of coupling
menbers 50 having a plate shape is each fixed to either
side surface of the novenent base 28. Specifically, each
coupling nenber 50 extends downward from a correspondi ng
one of the side surfaces of the novenent base 28. A |ower
end of each coupling nmenber 50 is positioned | ower than a
| oner end of the holding nenber 36. A pair of upper-
contai ner support portions 50a is each forned at a
corresponding one of |ower end portions of the pair of
coupling nenbers 50 and protrudes toward the indenter 38.
An upper container (cover) 52 having a rectangular
paral | el epi ped shape is fixed between the pair of upper-
contai ner support portions 50a and covers the tip portion
of the indenter 38. The upper container 52 is provided
above the lower container 4. Both side surfaces of the

upper container 52 are supported by the pair of upper-
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cont ai ner support portions 50a.

The upper container 52 has a box shape and is nade
of a transparent material (glass, plastic, or the like),
for exanple. The upper container 52 has an opening 52b
having a rectangul ar parallel epi ped shape (see FIG 4).
The opening 52b is forned on a | ower surface 52a side of
the upper container 52 and opens downward. An i ndenter
insertion hole 52d is forned on an upper surface 52c side
of the upper container 52, and the tip portion of the
indenter 38 is inserted into the indenter insertion hole
52d. Therefore, the tip portion of the indenter 38 is
covered by the upper container 52. Wth reference to FIG
1, a broken line represents a part of the indenter 38
that is covered by the upper container 52. The upper
container 52 is sized to be insertable into the opening
4b of the lower container 4 and is positioned inside the
opening 4b of the lower container 4 in plan view The
opening 52b (see FIG 4) of the upper container 52 is
sized to acconmmopdate the support unit 6. Therefore, when
the pressing unit 26 is noved downward by the novenent
nmechani sm 40, the upper container 52 is inserted into the
opening 4b of the lower container 4 and covers an upper
side of the support unit 6.

A nozzle insertion hole 52f is provided in a side
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wal | 52e of the upper container 52. An air supply unit 54
is coupled to the nozzle insertion hole 52f and blows air
to the tip portion of the indenter 38. The air supply
unit 54 includes a nozzle 56. The nozzle 56 blows air
toward the indenter 38. One end of the nozzle 56 is
inserted into the upper container 52 through the nozzle
insertion hole 52f, while the other end of the nozzle 56
is coupled to an air supply source 60 through a valve 58.
A tip 56a of the one end of the nozzle 56 opens toward a
side surface of the tip portion of the indenter 38 (see
FIG 4). Blowing air fromthe air supply source 60 to the
side surface of the tip portion of the indenter 38
through the valve 58 and the nozzle 56 renoves foreign
matter that adheres to, for exanple, the tip portion of

the indenter 38, the pair of support portions 8b, and the

contact surfaces 12a (see FIG 2). Details of the
operation of the air supply unit 54 wll be described
| at er.

A fragnent discharge port 4d is fornmed at the
bottom of the |ower container 4. Specifically, the
fragnent di scharge port 4d passes through a |ower surface
(bottom surface) 4c of the lower container 4 from the
bottom of the opening 4b of the |ower container 4. A

fragnent discharge unit 62 is coupled to the fragnent
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di scharge port 4d and discharges fragnents of the
speci nen that are present inside the |ower container 4.
The fragnment discharge wunit 62 includes a fragnent
di scharge path 64. The fragnent discharge path 64
constitutes a path for discharging the fragnents of the
specinmen. One end of the fragnment discharge path 64 is
coupled to the fragnent discharge port 4d, while the
ot her end of the fragnent discharge path 64 is coupled to
a suction source 68 through a valve 66. A fragnent
collector 70 is provided in the fragnent discharge path
64 and collects the fragnments of the specinen. The
fragnent collector 70 includes a filter, for exanple, and
captures the fragnents of the specinmen passing through
the fragnment discharge path 64. Wen the valve 66 is
opened, the fragnments of the specinen scattered inside
the opening 4b of the |lower container 4 are sucked from
the fragnent discharge port 4d and collected by the
fragnent collector 70. Details of the operation of the
fragnent discharge unit 62 wll be described later.

An imaging unit (canera) 72 is provided on a rear
side of the |ower container 4. A light source 74 is
provided on a front side of the l|ower container 4 and
emts light toward the imaging unit 72. The positions of

the imaging unit 72 and the light source 74 are adjusted
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such that the imaging unit 72 can image, for exanple, the
speci nen supported by the support unit 6 and the tip
portion of the indenter 38. Wiile the light source 74
emts light, the imaging unit 72 inmages the tip portion
of the indenter 38. Accordingly, the operator can observe
the specinen being pressed by the indenter 38 and the
state of the tip portion of the indenter 38 (the
presence/ absence of adhering foreign matter, chipping, or
the like). Wen the imaging unit 72 perfornms the imaging
in a sufficiently bright environment, the |ight source 74
may be om tted.

Each conponent included in the test apparatus 2 is
coupled to a controller, not illustrated, that controls
the operation of the test apparatus 2. For exanple, the
operations of the support-base novenent nechanism 14, the
| oad neasurenment unit 32, the novenent nechani sm 40, the
air supply unit 54, the fragnment discharge unit 62, the
imaging unit 72, the light source 74, and the like, are
controlled by the controller.

A three-point bending test can be performed on the
speci nen using the test apparatus 2 described above. The
three-point bending test is perfornmed to neasure the
bending strength (flexural strength) of the specinen.

Herei nafter, an exanple of the operation of the test
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apparatus 2 at the tine of measurenment of the strength of
the specimen will be described. FIG 4 is a cross-
sectional view of the test apparatus 2 with a specinen
(test piece) 11 supported by the support unit 6. As
illustrated in FIG 4, the indenter 38 is positioned
above the pair of support portions 8b so as to overlap
with the region (gap 10) between the pair of support
portions 8b. The indenter 38 is provided such that the
tip (lower end) of the indenter 38 is parallel to the
| ongi tudi nal direction (X-axis direction) of the support
portion 8b.

When the strength of the specinmen 11 is neasured,
the support-base novenent nechanism 14 (see FIG 2)
adjusts the positions of the pair of support bases 8 in
the Y-axis direction. The positions of the pair of
support bases 8 are adjusted such that the gap 10 has an
appropriate wdth according to, for exanpl e, t he
di mensi ons of the specinen 11. After that, the specinen
11 is placed on the pair of support bases 8. Specifically,
the specinen 11 is placed such that both end portions of
the specinen 11 are supported by the pair of support
bases 8 and a central portion thereof overlaps with the
gap 10.

If the lower surface side of the specinen 11
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contacts the pair of support portions 8b when the
specinen 11 is placed on the pair of support bases 8, the
| oner surface side of the specinen 11 may be damaged due
to an inpact when the specinen 11 is placed. This danmage
may change the strength of the specinen 11 and nmake it
difficult to measure the strength of a plurality of
speci mens 11 under the same conditions. In the present
enbodi nent, therefore, the contact nenbers 12 nmade of a
flexible material are provided on the respective upper
surfaces 8a of the pair of support bases 8, and the
contact surfaces 12a of the pair of contact nenbers 12
are positioned higher than the upper ends of the pair of
support portions 8b. Accordingly, when the specinen 11 is
pl aced on the pair of support bases 8, the specinen 11
does not contact the pair of support portions 8b, but
contacts the contact surfaces 12a of the pair of contact
menbers 12 and is supported by the contact surfaces 12a.
This configuration can prevent the |ower surface side of
the specinen 11 from contacting the pair of support
portions 8b and being danmaged when the specinen 11 is
placed. This, in turn, mnimzes a change in the strength
of the specinen 11.

Next, the pressing unit 26 is lowered by the

novenent nechanism 40 (see FIG 3). When the pressing
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unit 26 is lowered, the tip of the indenter 38 contacts
an upper surface side of the specinen 11 and the specinen
11 is pressed by the indenter 38. The |oad neasurenent
unit 32 (see FIG 3) neasures the load (force in the Z-
axis direction) applied to the indenter 38 pressing the
specimen 11. Wen the pressing unit 26 is further | owered,
the specinmen 11 is further pressed by the indenter 38.
Accordingly, the pair of contact nenbers 12 supporting
the specinen 11 is deforned and the specinen 11 is bent.
As a result, the |lower surface side of the specinen 11
contacts the support portions 8b of the pair of support
bases 8. At this time, the pair of contact nenbers 12 may
be deforned but the specinen 11 nay not be bent depending
on the flexibility of the pair of contact nenbers 12. FIG
5 is a cross-sectional view of the test apparatus 2 with
the specinmen 11 contacting the support portions 8b of the
pair of support bases 8. Specifically, when the specinen
11 contacts the pair of support portions 8b, the specinen
11 is supported by the pair of support portions 8b, and
the load applied to the indenter 38 pressing the specinen
11 i ncreases.

When the pressing unit 26 is further |owered, the
specimen 11 supported by the pair of support portions 8b

Is further pressed by the indenter 38. Consequently, the
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specinmen 11 is bent. Wen the pressing force applied from
the indenter 38 to the specinen 11 exceeds a
predet erm ned val ue, the specinen 11 is broken. FIG 6 is
a cross-sectional view of the test apparatus 2 wth the
speci men 11 broken. \When the specinen 11 is broken, the
| oad neasured by the |oad neasurenent unit 32 decreases
to zero from the maxi mum value. Accordingly, the timng
at which the specinmen 11 is broken can be detected on the
basis of the change in the value of the |oad neasured by
the |oad neasurenment unit 32. The maxi num value of the
| oad nmeasured by the | oad neasurenment unit 32 corresponds
to the strength of the specinen 11. Specifically, the
bending stress of the specinen 11 is calculated on the
basis of the maxinum value of the |load applied to the
i ndenter 38, the distance between the upper ends of the
pair of support portions 8b, and the dinensions of the
specinen 11. The bending stress o of the specinen 11 is
represented by o = 3W./2bh? where W[N] represents the
maxi mum value of the load applied to the indenter 38
pressing the specinen 11, L [mm] represents the distance
bet ween the upper ends of the pair of support portions 8b,
b [mM represents the width of the specinen 11 (the
length of the specinen 11 in the direction (X-axis

direction) perpendicular to a straight |ine connecting
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the pair of support portions 8b), and h [mM] represents
the thickness of the specinen 11.

When the specinmen 11 is broken, fragnents 1la of
the specinmen 11 are scattered. \Wien the specinmen 11 is
pressed by the indenter 38, the upper container 52 is
positioned so as to cover the specinmen 11 and the upper
side of the support unit 6 as illustrated in FIG 6.
Therefore, the wupper container 52 positioned in this
manner prevents the fragnents 1la of the specinen 11 from
scattering outside the test apparatus 2. As descri bed
above, since the upper container 52 prevents the
fragnments 1lla from scattering outside the test apparatus
2, the operator of the test apparatus 2 does not need to
wear a protector such as goggles when testing the
strength of the specinmen 11. This, in turn, prevents a
reduction in visibility of the specinen 11 and the
conponents (such as the indenter 38) of the test
apparatus 2 due to wearing of the protector.

When the specinen 11 is pressed by the indenter 38,
foreign mtter (such as the fragnents 1la of the specinen
11) may adhere to the indenter 38. Since the foreign
matter may affect the accuracy of the test, it 1is
preferable to renove the foreign nmatter. Therefore, after

the specinmen 11 is tested, the air supply unit 54
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preferably blows air toward the indenter 38 to renove the
foreign matter adhering to the indenter 38. Specifically,
after the valve 58 of the air supply unit 54 is opened,
the air supplied fromthe air supply source 60 is blown
fromthe tip 56a of the nozzle 56 toward the side surface
of the tip portion of the indenter 38. Consequently, the
foreign matter adhering to the tip portion of the
indenter 38 is blown off and renoved. There is no
limtation to the timng of renoving the foreign natter
using the air supply unit 54. For exanple, the foreign
matter my be renpbved, as necessary, during the tine
between after one specinen 11 is tested and before the
next specimen 11 is tested. The air blown toward the tip
portion of the indenter 38 flows inside the upper
container 52 and is also blow to the pair of support
bases 8. As a result, the foreign matter (such as the
fragnents l1lla of the specinen 11) adhering to the pair of
support portions 8b and the contact surfaces 12a of the
pair of contact nenbers 12 is blown off and renoved by
the air. This configuration can, therefore, prevent the
foreign matter from contacting the |ower surface side of
the specinen 11 and damagi ng the specinen 11 in the next
test.

If the tip 56a of the nozzle 56 is directed toward

25



the upper surfaces 8a of the pair of support bases 8, the
air blowmm from the nozzle 56 is strongly blown to the
upper surface 8a sides of the pair of support bases 8. In
this case, the foreign matter adhering to the pair of
support portions 8b or the pair of contact nenbers 12 may
be blown off by the air and stir up inside the upper
container 52. After that, the foreign matter nay adhere
to the pair of support portions 8b or the pair of contact
menbers 12 again. Wth this configuration, it is |ess
likely that the foreign nmatter is appropriately renoved
from the upper surface 8a sides of the pair of support
bases 8. By contrast, in the test apparatus 2 according
to the present enbodinent, the tip 56a of the nozzle 56
opens toward the side surface of the tip portion of the
i ndenter 38. Consequently, the nmomentum of air blown to
the upper surface 8a sides of the pair of support bases 8
Is noderately weakened. Wth this configuration, the
foreign matter is appropriately renoved from the upper
surface 8a sides of the pair of support bases 8.
Repeatedly testing the specinmen 11 and renoving the
foreign matter using the air supply unit 54 accunul ates
the fragnments 1la of the specinmen 11 in the |ower
cont ai ner 4. In the present enbodinent, therefore, the

fragnent discharge unit 62 (see FIG 1) collects the
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fragnents 1la accumulated in the |ower container 4.
Speci fically, after the valve 66 of the fragnent
di scharge unit 62 is opened, the fragnents 1la
accunulated in the opening 4b are sucked from the
fragnent discharge port 4d provided at the bottom of the
openi ng 4b of the lower container 4. The sucked fragnents
1lla pass through the fragnent discharge path 64 and are
collected by the fragnent collector 70. In this manner
the fragnent discharge unit 62 can quickly renove the
fragnents 1la and elimnate the need to manually clean
the inside of the opening 4b of the | ower container 4. 1In
the test apparatus 2, the upper container 52 is smaller
than the opening 4b of the |ower container 4 and has the
I ndenter insertion hole 52d into which the indenter 38 is
inserted. Therefore, even when the upper container 52 is
| onered toward the |ower container 4, the upper container
52 does not seal the opening 4b of the | ower container 4.
Wth this configuration, when the fragnments 1la of the
specinmen 11 are sucked from the fragment discharge port
4d, outside air can be easily taken in to the opening 4b
and the fragnments 1la of the specinmen 11 can be snoothly
sucked.

In the test apparatus 2 according to the present

enbodi nent, when the specinen 11 supported by the support
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unit 6 is pressed by the indenter 38, the upper container
52 is positioned so as to cover the specinen 11.
Therefore, the wupper container 52 positioned in this
manner prevents the fragnents 1la of the specinmen 11 from
scattering outside the test apparatus 2 when the specinen
11 is pressed and broken by the indenter 38. As described
above, since the upper container 52 prevents the
fragnents l1lla from scattering outside the test apparatus
2, the operator of the test apparatus 2 does not need to
wear a protector such as goggles when testing the
strength of the specinmen 11. This, in turn, prevents a
reduction in visibility of the specinen 11 and the
conmponents (such as the indenter 38) of the test
apparatus 2 due to wearing of the protector, and
facilitates the strength test of the specinen 11.

In the exanple described above, the test apparatus
2 perforns the three-point bending test to neasure the
strength of the specinmen 11. However, the contents of the
test to be perforned by the test apparatus 2 can be
changed as appropriate. For exanple, the test apparatus 2
may perform a ball flexural test or a four-point bending
test to test the strength of the specinmen 11. Wen the
test apparatus 2 perforns the ball flexural test, the

test apparatus 2 includes a spherical indenter that
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presses the specinmen 11. Bringing the indenter into
contact with a predetermned point of the specinen 11
presses the specinen 11. Wien the test apparatus 2
perforns the four-point bending test, the test apparatus
2 includes a pair of indenters provided parallel to the
pair of support portions 8b (see FIG 2). Bringing the
pair of indenters into contact wth a predeterm ned
region of the specinmen 11 presses the specinmen 11. In
either of the ball flexural test and the four-point
bendi ng test, when the indenter(s) press(es) the specinen
11, the upper container 52 of the test apparatus 2 is
positioned so as to cover the specinen 11. This prevents
the fragnments 1la from scattering outside the test
apparatus 2 when the specinen 11 is broken.

The structure, the nethods, and the |ike according
to the above-described enbodinent can be changed and
i npl emented as appropriate w thout departing from the
scope of the object of the present invention.

The present invention is not limted to the details
of the above described preferred enbodi ment. The scope of
the invention is defined by the appended clains and all
changes and nodifications as fall within the equival ence
of the scope of the clains are therefore to be enbraced

by the invention.
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WHAT | S CLAIMED I S:

1. A test apparatus for neasuring strength of a
speci men, the test apparatus conpri sing:

a lower container having an opening that opens
upwar d;

an upper container having an opening that opens
downward and being sized to be insertable into the
openi ng of the | ower container;

a support unit that is provided in the opening of
the | ower container and supports the specinen;

a pressing unit including

an i ndenter that presses the specinen, and
a |l oad nmeasurenment unit that nmeasures a | oad

applied to the indenter; and

a novenent mechani smthat noves the indenter closer
and away relative to the support unit, wherein

when the speci nen supported by the support unit is
pressed by the indenter noved by the novenent mechani sm
the wupper container is positioned so as to cover the
speci nmen.

2. The test apparatus according to claim 1,
further conpri sing:

a fragnment discharge path having one end that is

coupled to a fragnent discharge port fornmed at a bottom
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of the |ower container and having another end that is
coupled to a suction source; and

a fragment collector that is provided in the
fragnent discharge path and collects a fragnent of the
speci nen.

3. The test apparatus according to claim 1,
further conpri sing:

a nozzle that blows air toward the indenter.

4, The test apparatus according to claim 1,
wher ei n

t he support unit includes

a pair of support portions that is spaced
apart from each other and supports a |ower surface side
of the specinen, and
a pair of contact nenbers each provided on

either side of the pair of support portions and each
having a contact surface that contacts and supports the
speci nmen,

each of the pair of contact nenbers is provided
such that the contact surface is positioned higher than
upper ends of the pair of support portions,

the indenter is positioned above the pair of
support portions so as to overlap with a region between

the pair of support portions, and
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when the specinen is pressed by the indenter, the

specimen i s supported by the pair of support portions.
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