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LEAK TEST APPARATUS AND LEAK TEST METHOD

BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The invention relates to a leak test apparatus and a leak test method that
tests for a leak in a workpiece by sealing an open portion formed on one side surface of
the workpiece.

2. Description of Related Art

[0002] A leak test apparatus that tests for a leak in a workpiece such as a
cylinder block by sealing an open portion formed on one side surface of the workpiece
is used in an engine production line or the like (see Japanese Patent Application
Publication No. 2002-328066 (JP 2002-328066 A), for example). The leak test
apparatus described in JP 2002-328066 A is provided with a plurality of masking seals
and the like on a movable base that is arranged facing one side surface of a workpiece
(i.e., an object to be tested). The movable base is connected to driving means such as a
cylinder, and the movable base is able to be extended and retracted with respect to the
workpiece. The leak test apparatus described in JP 2002-328066 A moves the movable
base close to the workpiece with the driving means, and seals all of the plurality of open
portions with the masking seals.

[0003]  The leak test apparatus described in JP 2002-328066 A brings all of the
masking seals into contact with the workpiece and compresses them by driving one of
the driving means. Therefore, this leak test apparatus is not able to selectively seal
only a desired open portion, from among the plurality of open portions. That is, even
if the plurality of open portions is to be tested in order, the driving means must
compress the masking seals by generating a large enough amount of thrust to be able to
seal the plurality of open portions simultaneously.

[0004] Here, as the structure of the masking seals described in JP 2002-328066
A, for example, a fixed rubber member 620 that is fixedly attached to a movable base
610, and a movable rubber member 631 that is attached to the movable base 610 via a
spring 630, and the like, as shown in FIG. 14A, are conceivable. In this case, a
cylinder 640 brings the fixed rubber member 620 and the movable rubber member 631
(via the spring 630) into contact with the workpiece and compresses them, by
generating thrust toward the left (i.e., leftward thrust). Thus, with the thrust generated
on the masking seals, the cylinder 640 seals a first open portion W11 formed on an

upper side of a workpiece W10, and a second open portion W12 that is arranged in a
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position below the first open portion W11 and offset by a predetermined length to the
left from the first open portion W11.

[0005]  Hereinafter, the thrust required to seal the first open portion W11 will
be designated F11, and the thrust required to seal the second open portion W12 will be
designated F12. Also, these thrusts F11 and F12 include reaction force generated
during the test.

[0006]) If the second open portion W12 is farther away from the first open
portion W11 side by a tolerance (hereinafter also referred to as “distance”) d more than
a normal dimension (i.e., the dimension of the second open portion W12 shown in FIG.
14A), the rubber members 620 and 631 will abut against the open portions W11 and
W12 at the same time, as shown in FIG. 14B. In this case, the cylinder 640 generates
the thrusts F11 and F12 on the masking seals by generating a leftward thrust N61 that is
equal to the sum of the thrusts F11 + F12, thereby sealing the open portions W11 and
W12 (see rightward reaction forces H11 and H12 in FIG. 14B).

[0007] On the other hand, if the second open portion W12 is closer to the first
open portion W11 side by the distance d more than the normal dimension (i.e., the
dimension of the second open portion W12 shown in FIG. 14A), the movable rubber
member 631 will abut against the second open portion W12 before the fixed rubber
member 620 abuts against the first open portion W11, as shown in FIG. 14C.
Therefore, in order to seal the first open portion W11, the spring 630 must be pressed all
the way by the leftward thrust of the cylinder 640. When the spring constant of the
spring 630 is k, the cylinder 640 must also generate a thrust 2kd to absorb the distance d,
in addition to the leftward thrust that is equal to the sum of the thrusts F11 + F12 (see
thrust N62 in FIG. 14C).

[0008] Also, one conceivable structure for sealing the open portions W11 and
W12 seals both of the open portions W11 and W12 by fixed rubber members 620 and
650, as shown in FIG. 15A, for example. In this case as well, when the second open
portion W12 is closer to the first open portion W11 side by a distance d more than the
normal dimension (i.e., the dimension of the second open portion W12 shown in FIG.
15A), the cylinder 640 must generate a thrust G to absorb the distance d (see thrust N64
in FIG. 15C).

[0009] Here, as shown in FIG. 16, with the thrust generated by compressing
the fixed rubber member 650, the. compression amount increases linearly from O to a
predetermined amount, and then increases nonlinearly beyond this predetermined

amount. Also, the rubber members 620 and 650 are compressed, so the compression
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amount of the fixed rubber member 650 is unable to be determined based on the stroke
of the cylinder 640.

{0010] That is, with a structure such as that shown in FIG. 15A, the
compression amount of the fixed rubber member 650 that is necessary to generated the
thrust F12 is unable to be ascertained. In this case, it is necessary to increase the
natural length of the fixed rubber member 650 and increase the compression amount to
ensure the thrust F12 (extra allowance (i.e., extra length) must be provided). That is,
the cylinder 640 must further generate a thrust AF to overcome the extra allowance (i.e.,
the extra length of the fixed rubber member 650) (see thrusts N63 and N64 in FIGS.
15B and 15C).

[0011] As described above, the leak test apparatus described in
JP 2002-328066 A requires driving means having more thrust than the thrust for sealing

the open portion.

SUMMARY OF THE INVENTION

[0012]  The invention thus provides a leak test apparatus and a leak test method
capable of reducing a thrust of a driving portion that is required when sealing an open
portion.

[0013] A first aspect of the invention relates to a leak test apparatus that tests
for a leak in a workpiece by sealing an open portion formed on one side surface of the
workpiece. This leak test apparatus includes a plate, a seal that is able to move relative
to the plate and is supported by the plate, a driving portion that supports the plate and
moves the plate, and a pressure chamber that is surrounded by the plate and the seal.
The seal is formed in a shape that enables the pressure chamber to be communicated
with an outside.

[0014] In this aspect, the plate may be arranged on a side facing the one side
surface of a workpiece, and the seal may be able to move relative to the plate in a
direction with respect to the workpiece. The seal may also be supported by a side of
the plate that faces the one side surface of the workpiece. The driving portion may
move the plate and the seal with respect to the workpiece, and the pressure chamber
may be configured such that the seal is slidably inserted therein. The seal may be
formed in a shape that enables the open portion to be communicated with the pressure
chamber. The driving portion may bring the plate toward the workpiece until the seal
abuts against the open portion. The pressure chamber may be configured such that test

fluid is introduced into the pressure chamber via the seal when the test fluid is
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introduced into the workpiece. The seal may seal the open portion by being pushed by
a pressure of the test fluid from the pressure chamber.

[0015] In the aspect described above, a plurality of the open portions may be
formed on the one side surface of the workpiece, and the leak test apparatus may seal at
least one of the open portions with the seal.

[0016] In the aspect described above, at least two open portions in which
positions of portions thereof to be sealed differ in a direction with respect to the plate
may be formed on the workpiece.

[0017] In the aspect described above, the driving portion may be a lock
cylinder that is provided with a rod that is connected at one end portion to the plate, and
that is able to lock the rod in a predetermined position. Also, the leak test apparatus
may seal all of the open portions with the seal.

[0018] In the aspect described above, only one of the open portions may be
formed on the one side surface of the workpiece, and the driving portion may be a lock
cylinder that is provided with a rod that is connected at one end portion to the plate, and
that is able to lock the rod in a predetermined position.

(0019] A second aspect of the invention relates to a leak test method used by a
leak test apparatus that tests for a leak in a workpiece by sealing an open portion formed
on one side surface of the workpiece. The leak test apparatus includes a plate that is
arranged on a side facing the one side surface of the workpiece; a seal that is able to
move relative to the plate in a direction with respect to the workpiece, and is supported
by a side of the plate that faces the one side surface of the workpiece; a driving portion
that supports the plate and moves the plate and the seal with respect to the workpiece;
and a pressure chamber inside of which the seal is slidably inserted, the seal being
formed in a shape that enables the open portion of the workpiece to be communicated
with the pressure chamber. This leak test method includes driving the driving portion;
bringing the plate toward the workpiece until the seal abuts against the open portion;
introducing test fluid into the pressure chamber via the seal when the test fluid is
introduced into the workpiece; and pushing the seal with a pressure of the test fluid
from the pressure chamber.

[0020] The aspects described above display the effect of being able to reduce

the thrust of a driving portion that is required when sealing an open portion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] Features, advantages, and technical and industrial significance of
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exemplary embodiments of the invention will be described below with reference to the
accompanying drawings, in which like numerals denote like elements, and wherein:

FIG. 1A is a sectional view of the overall structure of a leak test apparatus
according to a first example embodiment of the invention;

FIG. 1B is a sectional view of the leak test apparatus according to the first example
embodiment of the invention, and shows a pressure receiving area of a sliding unit in
the leak test apparatus;

FIG. 2 is a flowchart illustrating a leak test routine according to the first example
embodiment of the invention;

FIG. 3A is a view of the operation of the leak test apparatus according to the first
example embodiment of the invention, before the leak test apparatus is moved;

FIG. 3B is a view of the operatibn of the leak test apparatus according to the first
example embodiment of the invention, after the leak test apparatus is moved;

FIG. 4 is a view of a state in which open portions in the first example embodiment
of the invention are sealed;

FIG. 5A is a view of a state in which a tolerance of a second open portion with
respect to a first open portion in the first example embodiment of the invention is
absorbed, and shows the second open portion with no tolerance;

FIG. 5B is a view of a state in which the tolerance of the second open portion with
respect to the first open portion in the first example embodiment of the invention is
absorbed, and shows the second open portion separated from the first open portion;

FIG. 5C is a view of a state in which the tolerance of the second open portion with
respect to the first open portion in the first example embodiment of the invention is
absorbed, and shows the second open portion close to the first open portion;

FIG. 6 is a view of the operation of a leak test apparatus according to a second
example embodiment of the invention;

FIG. 7 is a view of a state in which a first open portion is sealed by a leak test
apparatus according to a third example embodiment of the invention;

FIG. 8 is a view of a state in which a second open portion is sealed by the leak test
apparatus according to the third example embodiment of the invention;

FIG. 9 is a view of a state in which a third open portion is sealed by the leak test
apparatus according to the third example embodiment of the invention;

FIG. 10A is a view of the operation of a leak test apparatus according to a fourth
example embodiment of the invention, and shows a state in which a first open portion is

sealed;
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FIG. 10B is a view of the operation of the leak test apparatus according to the
fourth example embodiment of the invention, and shows a state in which a second open
portion is sealed;

FIG. 11A is a view of the operation of a leak test apparatus according to a fifth
example embodiment of the invention, and shows the overall structure;

FIG. 11B is a view of the operation of the leak test apparatus according to the fifth
example embodiment of the invention, and shows a state in which open portions are
sealed;

FIG. 12A is a view of a state before one of the open portions is sealed by the leak
test apparatus according to the fifth example embodiment of the invention;

FIG. 12B is a view of a state in which one of the open portions is being sealed by
the leak test apparatus according to the fifth example embodiment of the invention;

FIG. 13 is a view related to the unitization of a leak test apparatus according to
another example embodiment of the invention;

FIG. 14A is a sectional view of the structure when a second open portion is sealed
by a spring according to related art, and shows the second open portion with no
tolerance;

FIG. 14B is a sectional view of the structure when the second open portion is
sealed by the spring according to related art, and shows the second open portion
separated from a first open portion by the amount of the tolerance;

FIG. 14C is a sectional view of the structure when the second open portion is
sealed by the spring according to related art, and shows the second open portion closer
to the first open portion by the amount of the tolerance;

FIG. 15A is a sectional view of the structure when open portions are sealed by a
fixed rubber member according to related art, and shows the second open portion with
no tolerance;

FIG. 15B is a sectional view of the structure when the open portions are sealed by
the spring according to related art, and shows the second open portion separated from
the first open portion by the amount of the tolerance;

FIG. 15C is a sectional view of the structure when the open portions are sealed by
the spring according to related art, and shows the second open portion closer to the first
open portion by the amount of the tolerance;

FIG. 16 is a view of a compression characteristic of the rubber member; and

FIG. 17 is a view of a state in which the open portions are sealed using individual

cylinders, according to related art.
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DETAILED DESCRIPTION OF EMBODIMENTS

[0022] A leak test apparatus according to example embodiments of the
invention will now be described. To simplify the description, the example
embodiments of the invention will be described with the directions (i.e., up, down, left,
and right) with respect to the leak test apparatus matching the directions (i.e., up, down,
left, and right, respectively) in the drawings.

[0023]  The leak test apparatus according to the example embodiments is an
apparatus for testing for a leak in a workpiece by sealing an open portion formed on one
side surface of the workpiece. ,

[0024] In this example embodiments, the workpiece is a cylinder block, but the
workpiece is not limited to this. Also, the leak test apparatus is an apparatus that is
arranged in an engine production line.

[0025] A leak test apparatus 1 in a first example embodiment is an apparatus
for sealing a first open portion W11 and a second open portion W12 formed on a right
side surface of a workpiece W10 (see FIG. 4).

[0026] First, the open portion W11 and W12 will be described.

[0027]  Asshown in FIG. 1A, the first open portion W11 is a portion that opens
to the outside of the workpiece W10, at a tip end portion of a portion that protrudes to
the right of a right side surface of the workpiece W10.

[0028]  The second open portion W12 is a portion that opens to the outside of
the workpiece W10, at a tip end portion of a portion that protrudes to the right of a
portion below the first open portion W11 on the right side surface of the workpiece W10.
The second open portion W12 is arranged farther to the left than the first open portion
WI11. That is, the second open portion W12 is arranged in a position offset by a
predetermined length farther to the left than the first open portion W1l1.

[0029] In this way, at least the two open portions W11 and W12 in which the
positions of portions thereof to be sealed (i.e., right end portions of the protruding
portions) differ in the left-right direction are formed on the workpiece W10 of the first
example embodiment.

[0030] The open portions W11 and W12 are communicated together inside of
a cylinder block. Therefore, the open portions W11 and W12 are simultaneously
sealed when the test is performed.

[0031]  Next, the structure of the leak test apparatus 1 according to the first
example embodiment will be described.

[0032]  The leak test apparatus 1 includes a plate 10, a fixed rubber member 20,
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a sliding unit 30, and a cylinder 40.

[0033]  The plate 10 is arranged to the right of the workpiece W10. That is,
the plate 10 is arranged on a side facing the right side surface of the workpiece W10.
The plate 10 is formed in a shape in which part of a left side surface of a generally
rectangular parallelepiped member is cutout. The cutout portion of the plate 10 is
formed as a recessed portion 11.

[0034]  The recessed portion 11 is a depression that is formed in a generally
circular shape when viewed from a position facing the left side surface thereof. The
recessed portion 11 is provided from the left side surface of the plate 10 toward the right
side of the plate 10.

[0035]  The fixed rubber member 20 is fixed to an upper side (i.e., above the
recessed portion) of the left side surface of the plate 10. The first open portion W11 is
positioned to the left of the fixed rubber member 20. The fixed rubber member 20 is
formed in a shape that is able to seal the first open portion W11 by the fixed rubber
member 20 being compressed. For example, the fixed rubber member 20 is formed in
generally the same shape (i.e., generally ring-shaped) as the first open portion W11 or
generally a disk-shape having an outer diameter dimension that is larger than an inner
diameter dimension of the first open portion W11.

[0036]  The sliding unit 30 that serves sealing means is arranged on a lower
side (i.e., below of the fixed rubber member 20) of the left side surface of the plate 10.
The second open portion W12 is positioned to the left of the sliding unit 30. The
sliding unit 30 includes a sliding member 31 and a seal member 32.

{0037]  The sliding member 31 is arranged on the right side of the sliding
unit 30. As shown in FIG. 1A, the sliding member 31 is a generally cylindrical
member in which the outer diameter dimension of the left side portion is different from
the outer diameter dimension of the right side portion. The outer diameter of the right
side portion of the sliding member 31 is formed larger than the outer diameter of the left
side portion. The outer diameter dimension of the right side portion of the sliding
member 31 is set to be substantially the same as the inner diameter dimension of the
recessed portion 11. The inner diameter dimension of the sliding member 31 is set to
be substantially the same as the inner diameter dimension of the second open portion
W12.

[0038] An O-ring is attached to an outer peripheral surface of a right side
portion of the sliding member 31, and the sliding member 31 is slidably inserted into the

recessed portion 11. A predetermined gap (space) is formed between the sliding
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member 31 and a bottom portion (i.e., the right side portion) of the recessed portion 11.

[0039]  Therefore, the leak test apparatus 1 is configured such that a test fluid
P10 (see FIG. 4) such as air can be filled into the gap (space) provided between the
recessed portion 11 and the sliding member 31.

[0040] In this first example embodiment, the gap (space) is formed as a
pressure chamber 12 into which the sliding member 31 is able to be slidably inserted.
Also, the sliding unit 30 is supported so as to be able to move in the left-right direction
(i.e., a direction with respect to the workpiece W10). That is, the sliding unit 30 is
supported by the left side surface of the plate 10 (i.e., the side facing the right side
surface of the workpiece W10), in a manner so as to be able to move relative to the
plate 10.

[0041] The means for forming the pressure chamber is not limited to that
described in this first example embodiment. That is, the leak test apparatus may also
be such that a sliding unit is slidably inserted into a generally cylindrical connecting
member that is attached to a plate, and a space surrounded by the plate, the connecting
member, and the sliding unit is formed as a pressure chamber (see the sliding unit 30,
connecting member 51, and plate 510 in FIG. 13).

[0042]  The seal member 32 is arranged on the left side of the sliding unit 30.
The seal member 32 is a generally cylindrical member in which the inner diameter
dimension of the left side portion is different from the inner diameter dimension of the
right side portion. The inner diameter of the right side portion of the seal member 32
is formed larger than the inner diameter of the left side portion. The left side portion
of the sliding member 31 is inserted into the right side portion of the seal member 32,
and the internal space of the seal member 32 is communicated with the internal space of
the sliding member 31. The seal member 32 is formed by an elastic body such as
rubber. A left end portion of the seal member 32 is formed in a shape that is able to
seal the second open portion W12 by being compressed. For example, the left end
portion of the seal member 32 is formed in generally the same shape as the second open
portion W12.

[0043] In this way, the sliding unit 30 is formed in a shape that enables the
second open portion W12 to be communicated with the pressure chamber 12 on the
inside when the sliding unit 30 abuts against the second open portion W12,

[0044]  The sliding unit may be such that the sliding member and the seal
member are integrally formed. Also, the shape of the inside of the sliding unit is not

limited to the shape described in this first example embodiment, as long as the shape is
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such that the second open portion is able to be communicated with the pressure chamber
on the inside.

[0045]  The cylinder 40 that serves as a driving portion is arranged to the right
of the plate 10, and is supported by a predetermined case. The cylinder 40 includes a
rod 41 that protrudes from the left side thereof. The cylinder 40 supports the plate 10
by aleft end portion of the rod 41 being connected to a right side surface of the plate 10.
That is, the plate 10 and the sliding unit 30 configured to be able to move with respect
to the workpiece W10 by an extending and retracting operation of the rod 41 of the
cylinder 40.

[0046)  When the plate 10 is brought close to the workpiece W10, the position
in which the sliding unit 30 is arranged is adjusted such that the seal member 32 will
abut against the second open portion W12 before the fixed rubber member 20 abuts
against the first open portion W11.

[0047]  Next, the operation of the leak test apparatus 1 according to the first
example embodiment will be described.

[0048] Hereinafter, thrust necessary to seal the first open portion W11 will be
designated F11, and thrust necessary to seal the second open portion W12 will be
designated F12. Also, the thrusts F11 and F12 include reaction force generated during
the test.

[0049]  First, the leak test apparatus 1 pressurizes the workpiece W10 that is
transported by the production line, as shown in FIG. 2 (S10).

[0050]  That is, the leak test apparatus 1 brings the plate 10 close to the
workpiece W10 by driving the cylinder 40 (generating leftward thrust), as shown in
FIG. 3A. At this time, the seal member 32 abuts against the second open portion W12
before the fixed rubber member 20 abuts against the first open portion W11.

[0051] Then, as shown in FIG. 3B, the leak test apparatus 1 brings the plate 10
even closer to the workpiece W10 such that the fixed rubber member 20 abuts against
the first open portion W11. At this time, the sliding unit 30 is already abutting against
the second open portion W12, so the recessed portion 11 slides a predetermined amount
to the right.

[0052] As a result, the leak test apparatus 1 abuts the fixed rubber member 20
against the first open portion W11, and abuts the seal member 32 of the sliding unit 30
against the second open portion W12,

[0053]  After the plate 10 has been brought close, the test fluid P10 is

introduced into the workpiece W10, as shown in FIG. 4.
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[0054] At this time, the second open portion W12 is communicated with the
pressure chamber 12, so the test fluid P10 is also introduced into the pressure chamber
12 via the sliding unit 30. Also, the cylinder 40 supports the plate 10 such that the
plate 10 does not move to the right by generating leftward thrust. Accordingly, the
sliding unit 30 is pushed to the left, such that the seal member 32 presses against the
second open portion W12,

[0055] In this way, the leak test apparatus 1 compresses the seal member 32
and seals the second open portion W12 by pushing the sliding unit 30 to the left with the
pressure from the pressure chamber 12.

[0056] Here, the force that pushes the sliding unit 30 is determined by the
product of a pressure receiving area A of the sliding unit 30 (i.e., the area of the right
side surface of the sliding member 31 (see FIG. 1B)) and the pressure of the test fluid
P10. Alsc;, the pressure of the test fluid P10 is set to a predetermined amount
according to testing.

[0057]  Therefore, the leak test apparatus 1 sets the result (i.e., the quotient) of
dividing the thrust F12 for sealing the second open portion W12 by the pressure of the
test fluid P10 as the pressure receiving area A of the sliding unit 30. Therefore, when
the test fluid P10 is introduced, the leak test apparatus 1 is able to compress the seal
member 32 to an extent whereby the thrust F12 is generated. That is, the leak test
apparatus 1 is able to seal the pressure chamber 12 with the optimum force.

[0058] Also, when the test fluid P10 is introduced, the cylinder 40 generates
leftward thrust to compress the fixed rubber member 20, and seals the first open portion
W11 with this thrust. As described above, the leak test apparatus 1 seals the second
open portion W12 by generating the thrust F12. That is, the rightward reaction force
that acts on the plate 10 when sealing the second open portion W12 is equal to the thrust
F12 (see rightward reaction force H12 in FIG. 4).

[0059] Therefore, the cylinder 40 is able to compress the fixed rubber member
20 to an extent whereby the thrust F11 is generated, simply by generating leftward
thrust N10 that is equal to the sum of the thrusts F11 + F12 (see rightward reaction force
H11 in FIG. 4).

[0060]  The leak test apparatus 1 in this way seals the open portions W11 and
W12, and pressurizes the workpiece W10.

[0061] After pressurizing the workpiece W10, the leak test apparatus 1 detects
a leakage amount of the workpiece W10 with a predetermined detecting device, as
shown in FIG. 2 (S20).
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[0062] After detecting the leakage amount of the workpiece W10, the leak test
apparatus 1 determines whether there is a leak in the workpiece W10 based on the
leakage amount of the workpiece W10 (S30).

[0063]  If the leakage amount of the workpiece W10 is equal to or less than a
predetermined threshold, the leak test apparatus 1 determines that there is no leak in the
workpiece W10. In this case, the leak test apparatus 1 drives the cylinder 40 to move
the plate 10 away from the workpiece W10, and transports the workpiece W10 on to the
next process (i.e., NO in S30; S40).

[0064] On the other hand, if the leakage amount of the workpiece W10
exceeds the predetermined threshold value, the leak test apparatus 1 determines that
there is a leak in the workpiece W10. In this case, the leak test apparatus 1 drives the
cylinder 40 to move the plate 10 away from the workpiece W10, and withdraws the
workpiece W10 from the production line as an NG workpiece (i.e., YES in S30; S50).
That is, the leak test apparatus 1 does not transport the workpiece W10 on to the next
process.

[0065]  The leak test apparatus 1 continuously inspects the workpiece W10 for
leaks in the production line by performing these steps S10 to S50.

[0066] A spring that urges the sliding unit 30 to the left is attached to the
sliding unit 30. More specifically, one end portion of the spring is attached to the
bottom portion of the recessed portion 11 (i.e., the surface on the cylinder 40 side), and
the other end portion of the spring is attached to the right side surface of the sliding
member 31. Therefore, when the plate 10 is separated from the workpiece W10, the
sliding unit 30 is urged to the left by the spring and returned to a predetermined position
(i.e., the position shown in FIG. 1A).

[0067]  Here, for example, when the second open portion W12 is separated
from the first open portion W11 side by a distance d more than a normal dimension (i.e.,
the dimension of the second open portion W12 shown in FIG. 5A), the second open
portion W12 will be farthest from the sliding unit 30, as shown in FIGS. 5A and 5B.

[0068] In such a case, when the plate 10 is brought close, the seal member 32
will abut against the second open portion W12 at a relatively late stage. Therefore, the
sliding amount of the sliding unit 30 is reduced by this distance d (see arrow d in FIGS.
5A and 5B).

[0069] On the other hand, as shown in FIG. 5C, when the second open portion
W12 is closer to the first open portion W11 side by the distance d more than the normal

dimension (i.e., the dimension of the second open portion W12 shown in FIG. 5A), the
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seal member 32 will abut against the second open portion W12 at a relatively early
stage. Therefore, the sliding amount of the sliding unit 30 is increased by the distance
d (see arrow 2d in FIGS. 5B and 5C).

[0070]  As described above, the force that pushes the sliding unit 30 is
determined by the pressure of the test fluid P10 and the pressure receiving area A.
Therefore, the leak test apparatus 1 compresses the seal member 32 to an extent
whereby the thrust F12 is generated (see the thrust F12 in FIGS. 5B and 5C) when the
test fluid P10 is introduced into the workpiece W10, regardless of the distance d of the
second open portion W12 (i.e., the sliding amount of the sliding unit 30).

{0071]  Also, the fixed rubber member 20 is abutting against the first open
portion W11 in the same way, regardless of the distance d of the second open portion
W12. Therefore, the leak test apparatus 1 does not need to generate a large leftward
thrust and push the seal member 32 all the way in order to generate the thrust F11.

[0072]  Therefore, the cylinder 40 is able to seal the open portions W11 and
W12 (see the rightward reaction forces H11 and H12 in FIGS. 5B and 5C) simply by
generating rightward thrust N10 that is equal to the sum of the thrusts F11 + F12,
regardless of the distance d of the second open portion W12.

[0073] In this way, when the leak test apparatus 1 seals the open portions W11
and W12 in which the positions of the portions of the workpiece W10 that are to be
sealed are different in the left-right direction, the distance d of the second open portion
W12 is able to be absorbed by the sliding amount of the sliding unit 30. Therefore, the
cylinder 40 is able to do away with the thrust for absorbing the distance d such as that in
the related art (see thrust N62 in FIG. 14C and thrust N64 in FIG. 15C).

[0074]  Also, the leak test apparatus 1 is able to constantly compress the seal
member 32 with force according to the pressure receiving area A of the sliding unit 30
and the pressure of the test fluid P10. That is, the leak test apparatus 1 is able to
constantly generate the thrust F12 and seal the second open portion W12. Therefore,
the leak test apparatus 1 does not need to take the compression characteristic of the seal
member 32 into account, so thrust AF to overcome the extra allowance (i.e., the extra
length of the rubber member) such as that in the related art (see FIGS. 15A, 15B, 15C,
and 16) is able to be done away with.

[0075] That is, the leak test apparatus 1 is able to reduce the thrust of the
cylinder 40 that is required when sealing an open portion. Therefore, with the leak test
apparatus 1, the cylinder 40 and the case that supports the cylinder 40 are able to be

made smaller, so the cost is able to be reduced.
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[0076]  Accordingly, the leak test apparatus 1 is able to inhibit an excessive
load from being placed on the fixed rubber member 20 and the seal member 32.
Therefore, with the leak test apparatus 1, deterioration of the fixed rubber member 20
and the seal member 32 is able to be suppressed, so leaking caused by such
deterioration is able to be suppressed.

[0077] Further, even if permanent deformation occurs in the fixed rubber
member 20 and the seal member 32 due to continued use, the leak test apparatus 1 is
able to accommodate a fluctuation in the compression amount due to the permanent
deformation, by the sliding amount of the sliding unit 30. Therefore, even if
permanent deformation occurs in the fixed rubber member 20 and the seal member 32,
the cylinder 40 is able to seal the open portions W11 and W12 simply by generating the
leftward thrust N10 that is equal to the sum of the thrusts F11 + F12.

[0078]  Thus, the leak test apparatus 1 is able to stably seal the open portions
W11 and W12, as well as reduce the frequency with which-the fixed rubber member 20
and the seal member 32 are replaced.

[0079]  Here, in order to absorb the distance d of the second open portion W12,
a structure that individually seals the open portions W11 and W12 using two cylinders,
as shown in FIG. 17, is conceivable. In this kind of structure, two air supply sources
are controlled by a control portion, two movable rubber members are compressed by
driving the cylinders individually, and the open portions W11 and W12 are sealed with
this thrust. In this case, the contro] that controls the cylinders, and the two air supply
sources that supply air to the cylinders, end up being necessary.

[0080)  On the other hand, the leak test apparatus 1 is able to seal the open
portions W11 and W12 with the one cylinder 40, as shown in FIG. 4. Therefore, the
leak test apparatus 1 is able to simplify the structure and reduce the cost, compared with
when the open portions W11 and W12 are sealed using individual cylinders.

[0081]  The leak test apparatus 1 may also seal the first open portion with a
sliding unit, and seal the second open portion with a fixed rubber member. That is, in
the leak test apparatus 1, only one of the open portions needs to be sealed by the sliding
unit.

[0082] Next, a leak test apparatus 101 according to a second example
embodiment of the invention will be described.

[0083]  As shown in FIG. 6, the leak test apparatus 101 according to the second
example embodiment differs from the leak test apparatus 1 according to the first

example embodiment in that an outer open portion W21 and an inner open portion W22
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that is formed inside the outer open portion W21 are sealed, and a test fluid P22 is
introduced into a workpiece W20 from the inside open portion W22.

[0084] The open portions W21 and W22 are formed in generally circular
shapes when viewed from a position facing the right side surface of the workpiece W20.
The inner open portion W22 is arranged offset by a predetermined length to the left of
the outer open portion W21. The inner open portion W22 is formed in generally the
same shape as the second open portion W12 in the first example embodiment.

[0085]  These kinds of open portions W21 and W22 are not communicated
together inside the cylinder block. That is, the open portions W21 and W22 are
separate systems. Also, the leak test apparatus 101 simultaneously detects a leak in the
systems corresponding to the open portions W21 and W22,

[0086] The leak test apparatus 101 according to the second example
embodiment seals the outer open portion W21 with a fixed rubber member 120, and
seals the inner open portion W22 with a sliding unit 130.

[0087] The fixed rubber member 120 is configured similar to the fixed rubber
member 20 of the first example embodiment, except for that it is formed in a general
ring-shape so as to be able to seal the outer open portion W21,

[0088]  The sliding unit 130 is configured similar to the sliding unit 30 of the
first example embodiment. |

10089] A communication hole 113 that leads from a lower surface of a plate
110 to a pressure chamber 112, is formed in the plate 110.  Also, the leak test apparatus
101 is configured to enable the test fluid P22 to be introduced into the plate 110 via a
conduit that is connected to the communication hole 113.

[0090]  Next, the operation of the leak test apparatus 101 according to the
second example embodiment will be described.

[0091]  Hereinafter, thrust necessary to seal the outer open portion W21 will be
designated F21, and thrust necessary to seal the inner open portion W22 will be
designated F22.  Also, the thrusts F21 and F22 include reaction force generated during
the test.

[0092]  The leak test apparatus 101 drives a cylinder 140 to bring the plate 110
close to the workpiece W20, such that the fixed rubber member 120 and a seal member
132 abut against the open portions W21 and W22. Then, the leak test apparatus 101
introduces the test fluid P22 into the communication hole 113. The test fluid P22 is
introduced into the inner open portion W22 through the communication hole 113, the

pressure chamber 112, and the inside of the sliding unit 130, in this order. At the same
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time, test fluid P21 is introduced into the system corresponding to the outer open
portion W21. At this time, the cylinder 140 supports the plate 110 such that the plate
110 will not move to the right by generating leftward thrust, and compresses the fixed
rubber member 120, thereby sealing the outer open portion W21 (see rightward reaction
forces H21 and H22 in FIG. 6).

[0093]  As aresult, in the leak test apparatus 101, the sliding unit 130 is pushed
to the left by the pressure of the test fluid P22 from the pressure chamber 112 (see thrust
F22 in FIG. 6), while the pressure chamber 112 functions as an inlet for the test fluid
P22 that is introduced into the inner open portion W22. In this way, the leak test
apparatus 101 compresses the seal member 132, and seals the inner open portion W22
with this thrust F22.

[0094] In this way, the sliding unit 130 is able to seal the inner open portion
W22 into which the test fluid P22 is introduced. Also, the distance of the inner open
portion W22 with respect to the outer open portion W21 is able to be absorbed by the
sliding amount of the sliding unit 130, so the cylinder 140 is able to seal the outer open
portion W21 by only generating leftward thrust N20 that is equal to the sum of the
thrusts F21 + F22, regardless of this distance (see rightward reaction force H21 in FIG.
6).

[0095)  Here, when using individual cylinders or when sealing the inner open
portion W22 using a spring as in the related art, the test fluid P22 is unable to be
introduced into the inner open portion W22 due to this structure (see FIGS. 14 and 17).

[0096] Therefore, in the related art, the open portions W21 and W22 must be
sealed using two fixed rubber members (see FIG. 15). In this case, a cylinder must be
used that has thrust for absorbing the distance and thrust to overcome the extra
allowance (i.e., the extra length of the rubber member), in addition to the leftward thrust
N20 that is equal to the sum of the thrusts F21 + F22 (see the thrusts N63 and N64 in
FIG. 15).

[0097]  That is, the leak test apparatus 101 is able to seal open portions that are
unable to be sealed using a spring or individual cylinders, by sealing at least one of the
open portions W21 and W22 that are formed in plurality on the right side surface of the
workpiece W20, with the sliding unit 130. Accordingly, the leak test apparatus 101 is
able to do away with the thrust for absorbing the distance and the thrust to overcome the
extra allowance (i.e., the extra length of the rubber member), so the thrust of the
cylinder 140 that is necessary when sealing an open portion is able to be greatly

reduced.
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[0098])  Next, a leak test apparatus 201 according to a third example
embodiment of the invention will be described.

[0099] As shown in FIGS. 7 to 9, the leak test apparatus 201 of the third
example embodiment differs from the leak test apparatus 1 of the first example
embodiment in that it seals three open portions in order from a first open portion W31 to
a third open portion W33.

[0100]  As shown in FIG. 7, the first open portion W31 and the second open
portion W32 are formed in generally the same shapes as the open portions W11 and
W12 of the first example embodiment.

[0101]  The third open portion W33 is arranged below the second open portion
W32 and is formed in generally the same shape as the second open portion W32, and is
also positioned in the same position as the second open portion W32 in the left-right
direction. That is, the third open portion W33 is arranged in a position offset by a
predetermined length to the left of the first open portion W31.

(0102] These kinds of open portions W31 to W33 are not communicated
together inside the cylinder block. That is, the open portions W31 to W33 are
individual systems.

[0103]  The leak test apparatus 201 of the third example embodiment seals the
first open portion W31 with a fixed rubber member 220, and seals the second open
portion W32 and the third open portion W33 with sliding units 230 and 250.

[0104] A recessed portion 213 is formed below a recessed portion 211 in a
plate 210. The recessed portion 213 is configured similar to the recessed portion 11 of
the first example embodiment except for that it is arranged to the right of the third open
portion W33.

[0105]  The fixed rubber member 220 is configured similar to the fixed rubber
member 20 of the first example embodiment.

[0106)  The sliding unit 230 is configured similar to the sliding unit 30 of the
first example embodiment.

[0107)  The sliding unit 250 is configured similar to the sliding unit 30 of the
first example embodiment, except for that it slides in the recessed portion 213.

{0108] That is, a pressure chamber 212 inside of which the sliding unit 230 is
slidably inserted, and a pressure chamber 214 inside of which the sliding unit 250 is
slidably inserted, are formed in the leak test apparatus 201.

(0109] In this way, the leak test apparatus 201 is configured to absorb the
distances of the second open portion W32 and the third open portion W33 with respect
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to the first open portion W31, with the sliding amount of the sliding units 230 and 250,
by sealing the second open portion W32 and the third open portion W33 that are
arranged in the same position in the left-right direction, with the sliding units 230 and
250 (see FIG. 3). |

[0110] Next, the operation of the leak test apparatus 201 according to the third
example embodiment will be described.

[0111] Hereinafter, thrust necessary to seal the first open portion W31 will be
designated F31, thrust necessary to seal the second open portion W32 will be designated
F32, and thrust necessary to seal the third open portion W33 will be designated F33.
Also, the thrusts F31 and F32 include reaction force generated during the test.

[0112]  The leak test apparatus 201 drives a cylinder 240 to bring the plate 210
close to a workpiece W30, such that the fixed rubber member 220 and seal members
232 and 252 abut against the open portions W31 to W33.

[0113] Then, the leak test apparatus 201 pressurizes the system corresponding
to the first open portion W31, and tests for a leak in the system corresponding to the
first open portion W31.

[0114]  That is, the cylinder 240 seals the first open portion W31 by generating
leftward thrust and compressing the fixed rubber member 220 (see rightward reaction
force H31 in FIG. 7). At this time, test fluids P32 and P33 (see FIGS. 8 and 9) are not
introduced into the pressure chambers 212 and 214, so the sliding units 230 and 250
slide to the right in the recessed portions 211 and 213 by an amount corresponding to
the compression amount of the fixed rubber member 220. That is, the seal members
232 and 252 are not compressed along with the fixed rubber member 220.

[0115] Accordingly, when testing the system corresponding to the first open
portion W31, the cylinder 240 is able to seal the first open portion W31 simply by
generating leftward thrust N31 that is equal to the thrust F31.

f0116] Next, the leak test apparatus 201 stops pressurizing the system
corresponding to the first open portion W31, opens it up to the outside air, and tests for
a leak in the system corresponding to the second open portion W32, as shown in FIG. 8.

[0117] That is, the leak test apparatus 201 introduces the test fluid P32 into the
system corresponding to the second open portion W32. The leak test apparatus 201
seals the second open portion W32 by pushing the sliding unit 230 to the left with the
pressure of the test fluid P32 from the pressure chamber 212 (see thrust F32 in FIG. 8).
At this time, the sliding unit 230 moves relatively to the left with respect to the plate
210 (i.e., the fixed rubber member 220) and the sliding unit 250, by an amount
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corresponding to the compression amount of the seal member 232.

[0118]  Therefore, when testing the system corresponding to the second open
portion W32, the cylinder 240 is able to seal the second open portion W32 simply by
generating leftward thrust N32 that is equal to the thrust F32 (see the thrust F32 and the
rightward reaction force H32 in FIG. 8). This is also the same when sealing the third
open portion W33 (see the test fluid P33, the thrust F33, rightward reaction force H33,
and thrust N33 in FIG. 9).

[0119] In this way, the leak test apparatus 201 is able to selectively seal each
of the open portions W31 to W33 by sealing the second open portion W32 and the third
open portion W33 with the sliding units 230 and 250.

[0120] Accordingly, the leak test apparatus 201 is able to reduce the thrust of
the cylinder 240 needed when sealing an open portion. More specifically, the leak test
apparatus 201 is able to reduce the thrust of the cylinder 240 to a thrust that is equal to
the maximum value of the thrusts F31 to F33.

[0121]  The leak test apparatus 201 is able to selectively seal each of the open
portions even when the open portions are sealed by three sliding units. That is, the
leak test apparatus 201 is able to selectively seal each open portion when detecting a
leak in the open portion for each system, by sealing all of the open portions with the
sliding units, or by sealing the open portions, excluding the open portion corresponding
to one system, with the sliding units.

[0122] Next, a leak test apparatus 301 according to a fourth example
embodiment of the invention will be described.

[0123] As shown in FIGS. 10A and 10B, the leak test apparatus 301 according
to the fourth example embodiment differs from the leak test apparatus 1 according to the
first example embodiment in that a first open portion W41 on which a negative pressure
test is to be performed, and a second open portion W42 on which a positive pressure test
is to be performed, are sealed in order.

[0124]  The first open portion W41 is configured similar to the first open
portion W11 of the first example embodiment except for that the inner diameter
dimension thereof is larger than an inner diameter dimension of the first open portion
W11 of the first example embodiment.

[0125]  The second open portion W42 is configured similar to the second open
portion W12 of the first example embodiment.

[0126)  These kinds of open portions W41 and W42 are not communicated
together inside of the cylinder block. That is, the open portions W41 and W42 are
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separate systems.

[0127]  The leak test apparatus 301 according to the fourth example
embodiment seals the first open portion W41 with a fixed rubber member 320, and seals
the second open portion W42 with a sliding unit 330.

[0128] The fixed rubber member 320 is configured similar to the fixed rubber
member 20 of the first example embodiment except in that it is formed in a shape able
to seal the first open portion W41.

[0129]  The sliding unit 330 is configured similar to the sliding unit 30 of the
first example embodiment.

[0130]  Next, the operation of the leak test apparatus 301 according to the
fourth example embodiment will be described.

[0131] Hereinafter, the thrust required to seal the second open portion W42
will be designated F42. Also, this thrust F42 includes reaction force generated during
the test.

[0132]  As shown in FIG. 10A, the leak test apparatus 301 drives a cylinder 340
to bring a plate 310 close to the workpiece W40, such that the fixed rubber member 320
and a seal member 332 abut against the open portions W41 and W42.

[0133] Then, the leak test apparatus 301 depressurizes the system
corresponding to the first open portion W41, and tests for a leak in the system
corresponding to the first open portion W41.

[0134] At this time, the plate 310 is drawn (i.e., sucked) by the first open
portion W41, such that the fixed rubber member 320 is suctioned to the first open
portion W41. Also, test fluid P42 is not introduced into a pressure chamber 312, so the
sliding unit 330 slides to the right in a recessed portion 311 according to the
deformation amount from the suction of the fixed rubber member 320. That is, the
seal member 332 is not compressed during the negative pressure test.

[0135]  Therefore, when testing the system corresponding to the first open
portion W41, the leak test apparatus 301 is able to seal the first open portion W41 with
only suction Q from the reduced pressure. Therefore, when testing the system
corresponding to the first open portion W41, the cylinder 340 is not driven.

[0136] Next, the leak test apparatus 301 tests for a leak in the system
corresponding to the second open portion W42, as shown in FIG. 10B.

[0137] That is, the leak test apparatus 301 introduces the test fluid P42 into the
system corresponding to the second open portion W42.  The sliding unit 330 is pushed
to the left by the pressure of the test fluid P42 from the pressure chamber 312, thereby
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sealing the second open portion W42 (see the thrust F42 in FIG. 10B).

[0138]  The leak test apparatus 301 tests for a leak in the system corresponding
to the second open portion W42 in this way, while the system corresponding to the first
open portion W41 is kept depressurized.

[0139]  Accordingly, when sealing the second open portion W42, the leak test
apparatus 301 is able to counteract reaction force H42 to the right that acts on the plate
310, with the suction Q. Therefore, the cylinder 340 is able to seal the second open
portion W42 simply by generating leftward thrust N40 that is equal to the difference of
the thrust F42 minus the suction Q.

10140] If the amount of suction Q is equal to or greater than the thrust F42, the
leak test apparatus 301 does not need to drive the cylinder 340 when sealing the second
open portion W42, That is, in this case, the cylinder 340 need only be able to generate
enough thrust to be able to move the plate 310.

[0141] In this way, when performing the negative pressure test and the positive
pressure test, the leak test apparatus 301 is able to effectively reduce the thrust of the
cylinder 340, by sealing the second open portion W42 on which the positive pressure
test is performed, with the sliding unit 330, while maintaining the suction Q during the
negative pressure test. Accordingly, when testing the workpiece 40 on which the
positive pressure test and the negative pressure test are to be performed as they are with
a cylinder head, the leak test apparatus 301 is able to effectively reduce the thrust of the
cylinder 340 that is required when sealing an open portion. In particular, when the
amount of the suction Q is equal to or greater than the thrust F42, the leak test apparatus
301 is able to reduce the thrust of the cylinder 340 to a thrust that is able to move the
plate 310.

[0142]  Next, a leak test apparatus 401 according to a fifth example
embodiment of the invention will be described.

[0143]  As shown in FIGS. 11A and 11B, the leak test apparatus 401 according
to the fifth example embodiment differs from the leak test apparatus 1 according to the
first example embodiment in that a lock cylinder is employed as a cylinder 440, and
open portions W51 and W52 are both sealed by sliding units 430 and 450.

[0144]  The open portions W51 and W52 are formed in generally the same
shape as the open portions W11 and W12 of the first example embodiment.

[0145])  Recessed portions 411 and 413 are formed in a plate 410. The
recessed portion 411 is configured similar to the recessed portion 11 of the first example

embodiment, except for that it is arranged to the right of the first open portion W51.
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The recessed portion 413 is configured similar to the recessed portion 11 of the first
example embodiment. |

[0146)  The sliding unit 430 is configured similar to the sliding unit 30 of the
first example embodiment, except for that it slides in the recessed portion 411.

(0147] The sliding unit 450 is configured similar to the sliding unit 30 of the
first example embodiment.

[0148] That is, a pressure chamber 412 into which the sliding unit 430 is
slidably inserted, and a pressure chamber 414 into which the sliding unit 450 is slidably
inserted, are formed in the leak test apparatus 401.

[0149]  Next, the operation of the leak test apparatus 401 according to the fifth
example embodiment will be described.

[0150])  Hereinafter, thrust necessary to seal the first open portion W51 will be
designated F51, and thrust necessary to seal the second open portion W52 will be
designated F52.  Also, the thrusts F51 and F52 include reaction force generated during
the test.

[0151]  As shown in FIG. 11A, the leak test apparatus 401 drives the cylinder
440 to bring the plate 410 close to a workpiece W50, such that seal members 432 and
452 abut against the open portions W51 and W52. Then, as shown in FIG. 11B, the
leak test apparatus 401 locks a rod 441 of the cylinder 440 so that it will not move to the
right (see lock 442 in FIG. 11B).

[0152] After locking the rod 441 of the cylinder 440, the leak test apparatus
401 introduces a test fluid P50 into the workpiece W50. Then the sliding units 430
and 450 are pushed to the left by the pressure of the test fluid P50 from the pressure
chambers 412 and 414, thereby sealing the open portions W51 and W52 (see thrusts
F51 and F52 in FIG. 11B).

[0153] Accordingly, when sealing the open portions W51 and W52, the leak
test apparatus 401 is able to receive reaction forces H51 and H52 to the right that act on
the plate 410, with the lock 442.

[0154] Therefore, when sealing the open portions W51 and W52, the leak test
apparatus 401 does not need to drive the cylinder 440. That is, the leak test apparatus
401 is able to reduce the thrust of the cylinder 440 to a thrust that is able to move the
plate 410.

[0155] In this way, the cylinder 440 is a lock cylinder that includes the rod 441
that is connected at a left end portion thereof to the plate 410, and that is able to lock the
rod 441 in a predetermined position.  Also, the leak test apparatus 401 seals both of the
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open portions W51 and W52 with the sliding units 430 and 450.

[0156] As shown in FIGS. 12A and 12B, when the cylinder 440 is a lock
cylinder, the leak test apparatus 401 does not need to drive the cylinder 440 when
sealing the first open portion W51, when only the first open portion W51 is formed on
the right side surface (i.e., when only one open portion is formed on one side surface) of
the workpiece W50. That is, the leak test apparatus 401 is able to reduce the thrust of
the cylinder 440 to a thrust that is able to move the plate 410.

[0157) Also, the leak test apparatus may also be configured such that the
sliding unit 30 is standardized for each pressure receiving area A, and is attached to the
plate 510 via a generally cylindrical connecting member 51 in which a flange portion is
formed on a right end portion thereof, as shown in FIG. 13 (see units 50A and 50B in
FIG. 13).

[0158]  Accordingly, the leak test apparatus is able to select the units 50A and
50B from the thrust required to seal the open portion, so the design process is able to be
shortened. Also, the cost of the leak test apparatus is able to be reduced, and the leak

test apparatus is able to be easily expanded to existing equipment.
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CLAIMS:

1. A leak test apparatus that tests for a leak in a workpiece by sealing an open
portion formed on one side surface of the workpiece, comprising:

a plate;

a seal that is able to move relative to the plate and is supported by the plate;

a driving portion that supports the plate and moves the plate; and

a pressure chamber that is surrounded by the plate and the seal,

wherein the seal is formed in a shape that enables the pressure chamber to be

communicated with an outside.

2. The leak test apparatus according to claim 1, wherein

the plate is arranged on a side facing the one side surface of the workpiece;

the seal is able to move with respect to the plate in a direction with respect to the
workpiece;

the seal is supported on a side of the plate that faces the one side surface of the
workpiece;

the driving portion moves the plate and the seal with respect to the workpiece;

the pressure chamber is configured such that the seal is slidably inserted therein;

the seal is formed in a shape that enables the open portion to be communicated
with the pressure chamber;

the driving portion brings the plate toward the workpiece until the seal abuts
against the open portion;

the pressure chamber is configured such that test fluid is introduced into the
pressure chamber via the seal when the test fluid is introduced into the workpiece; and

the seal is pushed by a pressure of the test fluid from the pressure chamber, and

seals the open portion.

3. The leak test apparatus according to claim 1 or 2, wherein a plurality of the
open portions are formed on the one side surface of the workpiece, and the leak test

apparatus seals at least one of the open portions with the seal.

4. The leak test apparatus according to claim 3, wherein at least two open portions
in which positions of portions thereof to be sealed differ in a direction with respect to

the plate are formed on the workpiece.
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5. The leak test apparatus according to claim 3 or 4, wherein

the driving portion is a lock cylinder that is provided with a rod that is connected
at one end portion to the plate, and that is able to lock the rod in a predetermined
position; and

the leak test apparatus seals all of the open portions with the seal.

6. The leak test apparatus according to claim 1 or 2, wherein

only one of the open portions is formed on the one side surface of the workpiece;
and

the driving portion is a lock cylinder that is provided with a rod that is connected
at one end portion to the plate, and that is able to lock the rod in a predetermined

position.

7. A leak test method used by a leak test apparatus that tests for a leak in a
workpiece by sealing an open portion formed on one side surface of the workpiece, the
leak test apparatus including

a plate that is arranged on a side facing the one side surface of the workpiece;

a seal that is able to move relative to the plate in a direction with respect to the
workpiece, and is supported by a side of the plate that faces the one side surface of the
workpiece;

a driving portion that supports the plate and moves the plate and the seal with
respect to the workpiece; and

a pressure chamber inside of which the seal is slidably inserted,

the seal being formed in a shape that enables the open portion of the workpiece to
be communicated with the pressure chamber,

the leak test method comprising:

driving the driving portion;

bringing the plate toward the workpiece until the seal abuts against the open
portion;

introducing test fluid into the pressure chamber via the seal when the test fluid is
introduced into the workpiece; and

pushing the seal with a pressure of the test fluid from the pressure chamber.
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