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SELF-LOCKABLE OPENING AND CLOSING MECHANISM

FOR VACUUM CABIN DOOR

BACKGROUND OF THE INVENTION |
1. Field of the Invention:

The present invention relates to vacuum cabin door
technology, and more particularly to a self-lockable opening and
closing mechanism for vacuum cabin door, which automatically
produces a locking force to lock the vacuum cabin door in
position when the vacuum cabin door is closed.

2. Description of the Related Art:

In semiconductor industry involving wafer fabrication or
TFT LCD production, glass substrates are normally processed in
a vacuum environment, for example, in a vacuum cabin. A
vacuum cabin generally comprises a vacuum cabin door drivable
by an opening and closing mechanism between an open position
and a close position. When the vacuum cabin door is opened, the
workpiece can be moved over the vacuum cabin door into the
inside of the vacuum cabin. After the workpiece is delivered

into the inside of the vacuum cabin, the vacuum cabin door is
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closed, and then a pumping operation is performed to draw air
out of the vacuum cabin.

An opening and closing mechanism for vacuum cabin is
known using a pneumatic cylinder or hydraulic ¢ylinder to move
the vacuum cabin door between the open position and the close
position either directly or through a rack and gear mechanism.
However, when the vacuum cabin door is moved to the close
position, the pneumatic or hydraulic cylinder must keep giving
pressure to the vacuum cabin door panel against the cabin door
frame, keeping the vacuum cabin door in the close position.
However, after a long use of the machine, a wear problem may
occur, and the pneumatic or hydraulic pressure of the pneumatic
or hydraulic cylinder may become insufficient due to pipeline
problems, resulting in sealing failure between the vacuum cabin
door and the vacuum cabin,

Taiwan Patent TW430012 discloses a vacuum cabin door
opening and closing mechanism, which comprises a frame, a
first pneumatic cylinder affixed to the frame, a second
pneumatic cylinder affixed to the first pneumatic cylinder and

movable up and down relative to the first pneumatic cylinder, a
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vacuum cabin door, and a linkage coupled between the vacuum
cabin door and the second pneumatic cylinder. During operation,
the first pneumatic cylinder is driven to move the second
pneumatic cylinder and the vacuum cabin door upwardly into
alignment with the vacuum cabin, and then the second
pneumatic cylinder is retracted, driving the linkage to move the
vacuum cabin door horizontally toward the vacuum cabin, and
thus the vacuum cabin is closed by the vacuum cabin door.
According to this design, it is necessary to move the vacuum
cabin door vertically and horizontally through two actions,
prolonging the operation time and increasing the structural
dimension and cost.

Further, CN 101787834 B discloses an opening and
closing device for horizontal vacuum cabin, which has multiple
auto locking mechanisms mounted at the outside wall around the
opening of the vacuum cabin for locking the vacuum cabin door
to the vacuum cabin in the close position. However, this design
is not a perfect solution because the opening and closing device
and the auto locking mechanism must be separately driven and

controlled.
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SUMMARY OF THE INVENTION

The present invention has been accomplished under the
circumstances in view. It is the main object of the present
invention to provide a self-lockable opening and closing
mechanism for vacuum cabin door, which uses a driving
cylinder to move a linkage mechanism in moving the vacuum
cabin door between an open position and a close position, and
automatically produces a locking force to hold the vacuum cabin
door in the close position against any reaction force, preventing
the problem of failure or reduced effect in vacuum sealing due
to insufficient power.

To achieve this and other objects of the present
invention, a self-lockable opening and closing mechanism of the
present invention comprises a frame that is a hollow frame
formed of a base portion, two side panels and a top panel, a
driving cylinder mounted at the base portion within the frame
and comprising a reciprocatable driving shaft, a horizontal lever
fixedly connected to the driving shaft, at least one first bar each

having one end thereof pivotally connected to the horizontal
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lever, at least one rotational lever each comprising a first pivot
hole, a second pivot hole and a third pivot hole respectively
located at three corners of a triangular profile thereof, the first
pivot hole of each rotational lever being pivotally connected to
an opposite end of one respective first bar, at least one
adjustment block respectively pivotally connected to the second
pivot hole of one respective rotational lever, at least one second
bar each having one end thereof pivotally connected to the third
pivot hole of one respective rotational lever, at least one sliding
block respectively slidably mounted at one respective side panel
within the frame and respectively pivotally connected to an
opposite end of one respective second bar, a vacuum cabin door,
and at least one valve rod each having one end thereof connected
to one respective sliding block and an opposite end thereof
connected to the vacuum cabin door for moving the vacuum
cabin door between an open position and a close position.
Further, when the driving cylinder drives the vacuum
cabin door to the close position, the imaginary axis extending
through the second pivot hole and third pivot hole of each

rotational lever and the axis of the respective second bar define
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a contained angle (8) within the range of 170°~190°. Preferably,
the imaginary axis extending through the second pivot hole and
third pivot hole of each rotational lever and the axis of the
respective second bar are kept in axial alignment and in a
parallel relationship with the axis of the driving cylinder when
the driving cylinder drives the vacuum cabin door to the close
position. Thus, if the door panel of the vacuum cabin door is
forced by a reaction force or any other factor to move in the
reverse direction at this time, the reaction force will be linearly
transferred through the at least one valve rod, the at least one
sliding block, the at least one second bar, the at least one
rotational lever and the at least one adjustment block to the top
panel of the frame, preventing the component parts and the
vacuum cabin door from working and assuring positive locking
of the vacuum cabin door. Thus, the invention does not need an
extra power to keep the driving cylinder in the locking position.

Preferably, the self-lockable opening and closing
mechanism further comprises a sliding guide means, for example,
linear guideway located at each side panel and extending in a

parallel manner relative to the axis of the driving shaft for
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guiding sliding movement of one respective sliding block along
one respective side panel of the frame, enhancing sliding
smoothness and displacement precision.

Preferably, the self-lockable opening and closing
mechanism further comprises at least one adjustment screw
rotatably mounted in the top panel of the frame and respectively
threaded into one respective adjustment block in a parallel
manner relative to the axis of the driving shaft and rotatable to
adjust the distance between one respective adjustment block and

the top panel of the frame.

BRIEF DESCRIPTION OF THE DRAWINGS

Other and further advantages and features of the present
invention will be understood by reference to the description of
the preferred embodiment in conjunction with the accompanying
drawings where the components are illustrated based on a
proportion for explanation but not subject to the actual
component proportion.

FIG. 1 is a perspective view of a self-lockable opening

and closing mechanism for vacuum cabin door in accordance
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with the present invention.

FIG. 2 is an exploded view of the self-lockable opening
and closing mechanism' for vacuum cabin door in accordance
with the present invention.

FIG. 3 is an exploded view of the linkage mechanism of
the self-lockable opening and closing mechanism for vacuum
cabin door in accordance with the present invention.

FI1G. 4 is a schematic plain view of the present invention
1llustrating the self-lockable opening and closing mechanism in
the open position.

FIG. 5 is an enlarged view of a part of FIG. 4.

FIG. 6 is a schematic plain view of the present invention
1llustrating the self-lockable opening and closing mechanism in
the close position.

FIG. 7 1s an enlarged view of a part of FIG. 6.

DETAILED DESCRIPTION OF THE INVENTION
Referring to FIGS. 1-4, a self-lockable opening and
closing mechanism for vacuum cabin door in accordance with

the present invention is shown. As illustrated, the self-lockable
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opening and closing mechanism for vacuum cabin door
comprises:

a frame 10 being a hollow member comprising a base
portion 11, two side panels 12 respectively perpendicularly
connected to two opposite ends of the base portion 11 in parallel
and a tolﬁ panel 13 connected between respective distal ends of
the two side panels 12 opposite to the base portion 11;

a driving cylinder 20 prepared in the form of a
pneumatic or hydraulic cylinder and mounted at the base portion
11 within the frame 10 and adapted to reciprocate a vertically
extending driving shaft 21 thereof between a received position
in the base portion 11 and an extended position toward the top
panel 13;

a horizontal lever 30 connected to the distal end of the
driving shaft 21 at right angles;

at least one, for example, two first bars 40 each having
one end thereof pivotally connected to one end of the horizontal
lever 30;

at least one, for example, two rotational levers 50 each

comprising a first pivot hole 51, a second pivot hole 52 and a
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third pivot hole 53 respectively disposed at three corners of a
triangular profile thereof and having the first pivot hole 51
thereof pivotally connected to an opposite end of one respective
first bar 40;

at least one, for example, two adjustment blocks 60
respectively pivotally connected to the second pivot holes 52 of
the two rotational levers 50;

at least one, for example, two adjustment screws 61
rotatably mounted in the top panel 13 and respectively threaded
into the two adjustment blocks 60 in a parallel manner relative
to the axis of the driving shaft 21 and rotatable to adjust the
distance between the respective adjustment block 60 and the top
panel 13;

at least one, for example, two second bars 70 each
having one end thereof pivotally connected to the third pivot
hole 53 of one respective rotational lever 50;

at least one, for example, two sliding blocks 80
respectively slidably mounted one respective sliding guide
means, for example, linear guideway 81 at each of the side
panels 12 within the frame 10 in a parallel manner relative to

10
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axis of the driving shaft 21 and respectively pivotally connected
to respective opposite ends of the second bars 70; and

at least one, for example, two valve rods 90 each having
one end thereof connected to one respective sliding block 80 and
an opposite end thereof connected to a vacuum cabin door 100
for moving the vacuum cabin door 100 between an open position
and a close position.

The aforesaid horizontal lever 30, first bars 40,
rotational levers 50, adjustment blocks 60, second bars 70,
sliding blocks 80 and valve rods 90 form a linkage mechanism
that is drivable by the driving shaft 21 of the driving cylinder 20
to move the vacuum cabin door 100 between the open position
and the close position.

Further, the vacuum cabin door 100 comprises a door
frame 101 and a door panel 102. The door frame 101 is
connected to one side of the base portion 11 of the frame 10
opposite to the driving cylinder 20, defining therein a sliding
groove 103 in parallel to the axis of the driving shaft 21 and an
opening 104 cut through the sliding groove 103. The valve rods

90 are inserted through the base portion 11 and connected to the

11
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door panel 102 so that the door panel 102 is movable by the
valve rods 90 between the close position to seal the opening 104
and the open position to open the opening 104.

When the rotational levers 50 and the second bars 70 are
in the close position, the imaginary axis A extending through the
second pivot hole 52 and third pivot hole 53 of each rotational
lever 50 defines with the axis B of the respective second bar 70
a contained angle 8 within the range of 170°~190°. Preferably,
when the fotational levers 50 and the second bars 70 are in the
close position, the imaginary axis A extending through the
second pivot hole 52 and third pivot hole 53 of each rotational
lever 50 is in axial alignment with the axis B of the respective
second bar 70 and in parallel to the axis of the driving cylinder
20.

In the present preferred embodiment, one pair of first
bars 40, one pair of rotational levers 50, one pair of adjustment
blocks 60, one pair of second bars 70, one pair of sliding blocks
80 and one pair of valve rods 90 are provided and bilaterally
arranged in a symmetric manner relative to the axis of the
driving cylinder 20.

12
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After wunderstanding the structural details of the
self-lockable opening and closing mechanism for vacuum cabin
door in accordance with the present invention, the operational
principle of the present invention is outlined hereinafter:

As shown in FIG. 4 and FIG. 5, when going to move: the
vacuum cabin door 100 to the open position, the driving shaft 21
of the driving cylinder 20 is extended out toward the top panel
13, and the valve rods 90 moves the door panel 102 along the
sliding grooves 103 toward the base portion 11 via the linking
action of the horizontal lever 30, first bars 40, rotational levers
50, adjustment blocks 60, second bars 70 and sliding blocks 80,
thereby moving the door panel 102 to open the opening 104.

On the contrary, as shown in FIG. 6 and FIG. 7, when
going to move the vacuum cabin door 100 to the close position,
the driving shaft 21 of the driving cylinder 20 is retracted
toward the inside of the base portion 11 to move the horizontal
lever 30 and the first bars 40. At this time, the first pivot hole 51
of each rotational lever 50 is driven by the respective first bar
40, causing the respective rotational lever 50 to turn about the
axis of the pivot point between the second pivot hole 52 of the

13
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respective rotational lever 50 and the associating adjustment
block 60 and to further force the associating second bar 70 and
the associating sliding block 80 along the respective sliding
guide means 81 toward the base portion 11. When each sliding
block 80 is being moved toward the base portion 11, the valve
rods 90 are forced by the sliding blocks 80 toward the door
frame 101, thereby carrying the door panel 102 to seal the
opening 104.

When the driving cylinder 20 is driven to close the
vacuum cabin door 100, the contained angle 6 defined between
the imaginary axis A that extends through the second pivot hole
52 and third pivot hole 53 of each rotational lever 50 and the
axis B of the respective second bar 70 is within the range of
170°~190°. Further, when the rotational levers 50 and the second
bars 70 are in the close position, the imaginary axis A extending
through the second pivot hole 52 and third pivot hole 53 of each
rotational lever 50 is in axial alignment with the axis B of the
respective second bar 70 and in parallel to the axis of the
driving cylinder 20. Thus, if the door panel 102 of the vacuum
cabin door 100 is forced by a reaction force or any other factor

14
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to move in the reverse direction at this time, the reaction force
will be linearly transferred through the valve rods 90, the
sliding blocks 80, the second bars 70, the rotational levers 50
and the adjustment blocks 60 to the top panel 13 of the frame 10,
preventing the component parts and the vacuum cabin door 100
from working and assuring positive locking of the vacuum cabin
door 100. Thus, the invention does not need an extra power to
keep the driving cylinder 20 in the locking position. Even the
driving cylinder 20 or the related piping leaks or lacks in
strength, the vacuum cabin door 1700 will neither become loose
nor break the vacuum effect of the vacuum cabin.

Although one particular embodiment of the invention
has been described in detail for purposes of illustration, various
modifications and enhancements may be made without departing
from the spirit and scope of the invention. Accordingly, the

invention 1s not to be limited except as by the appended claims.
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What is claimed is:

1. A self-lockable opening and closing mechanism,
comprising:

a frame (10) being a hollow frame formed of a base
portion (11), two side panels (12) and a top panel (13);

a driving cylinder (20) mounted at said base portion (11)
within said frame (10), said driving cylinder (20) comprising a
reciprocatable driving shaft (21);

a horizontal lever (30) fixedly connected to said driving
shaft (21);

at least one first bar (40) each having one end thereof
pivotally connected to said horizontal lever (30);

at least one rotational lever (50) each comprising a first
pivot hole (51), a second pivot 1"1016 (52) and a third pivot hole
(53) respectively located at three corners of a triangular profile
thereof, the first pivot hole (51) of each said rotational lever (50)
being pivotally connected to an opposite end of one respective
said first bar (40);

at least one adjustment block (60) respectively pivotally
connected to the second pivot hole (52) of one respective said

16



rotational lever (50);

at least one second bar (70) each having one end thereof
pivotally connected to the third pivot hole (53) of one respective
said rotational lever (50);

at least one sliding block (80) respectively slidably
mounted at one respective said side panel (12) within said frame
(10) and respectively pivotally connected to an opposite end of
one respective said second bar (70);

a vacuum cabin door (100); and

at least one valve rod (90) each having one end thereof
connected to one respective said sliding block (80) and an
opposite end thereof connected to said vacuum cabin door (100)
for moving said vacuum cabin door (100) between an open
position and a close position.

2. The self-lockable opening and closing mechanism as
claimed in claim 1, wherein said two side panels (12) of said
frame (10) are respectively perpendicularly connected to two
opposite ends of said base portion (11) in parallel; said top panel
(13) of said frame (10) is connected between respective distal
ends of said two side panels (12) opposite to said base portion

17



(11).

3. The self-lockable opening and closing mechanism as
claimed in claim 2, wherein said driving shaft (21) of said
driving cylinder (2) is movable between a received position in
sald base portion (11) and an extended position toward said top
panel (13).

4. The self-lockable opening and closing mechanism as
claimed in claim 1, wherein ‘when said at least one rotational
lever (50) and said at least one second bar (70) are in said close
position, the imaginary axis (A) extending through the second
pivot hole (52) and third pivot hole (53) of each said rotational
lever (50) and the axis (B) of the respective said second bar (70)
define a contained angle (0) within the range of 170°~190°.

5. The self-lockable opening and closing mechanism as
claimed in claim 1, wherein when said at least one rotational
lever (50) and said at least one second bar (70) are in said close
position, the imaginary axis (A) extending through the second
pivot hole (52) and third pivot hole (53) of each said rotational
lever (50) and the axis (B) of the respective said second bar (70)
are kept in axial alignment and in a parallel relationship with the

18



axis of said driving cylinder (20)

6. The self-lockable opening and closing mechanism as
claimed in claim 1, further comprising at least one adjustment
screw (61) rotatably mounted in said top panel (13) of said
frame (10) and respectively threaded into one respective said
adjustment block (60) in a parallel manner relative to the axis of
said driving shaft (21) and rotatable to adjust the distance
between one respective said adjustment block (60) and said top
panel (13) of said f;‘ame (10).

7. The self-lockable opening and closing mechanism as
claimed in claim 6, wherein each said adjustment screw (61) is
mounted in said top panel (13) of said frame (10) to keep the
axis thereof in parallel to the axis of said driving shaft (21).

8. The self-lockable opening and closing mechanism as
claimed in claim 1, further comprising a sliding guide means (81)
located at each said side panel (12) and extending in a parallel
manner relative to the axis of said driving shaft (21) for guiding
sliding movement of one respective said sliding block (80) along
one respective said side panel (12) of said frame (10).

9. The self-lockable opening and closing mechanism as

19



claimed in claim 8, wherein said sliding guide means (81) is a
linear guideway.

10. The self-lockable opening and closing mechanism as
claimed in claim 1, wherein said vacuum cabin door (100)
comprises a door frame (101) and a door panel (102), said door
frame (101) being connected to one side of said base portion (11)
of said frame (10) opposite to said driving cylinder (20), said
door frame (101) defining therein a sliding groove (103) in
parallel to the axis (B) of said driving shaft (21) and an opening
(104) cut through said sliding groove (103); said at least one
valve rod (90) is connected with said door panel (102) and
reciprocatable to move said door panel (102) between said close
position to seal said opening (104) and said open position to

open said opening (104).
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