
9 December 2004 1 Precision Device Molding Machine 5 And Method of Molding
by Using It Technical Field The present invention relates to a molding
machine and more speci- fically relates to a precision device molding
machine for molding precision  10 devices and the like, and a method of
molding by using it. Background Art A description is given to a prior art
precision device molding machi- ne with reference to a drawing. Fig 4 is a
cross-sectional view of the main  15 part of a prior art precision device
molding machine. The prior art precision device molding machine comprises a
pressure applying block 19, a pressure  receiving block 20, a plate 21, an
upper shaft 22, a lower shaft 23, a side plate  24, an upper die holder
25a, a lower die holder 25b, an upper die 26a and a  lower die 26b. 20 The
pressure applying block 19 is fixed onto the upper end of the lower shaft
23 and disposed so as to be freely movable vertically. The pressure
applying  block '19 is provided with a reference plane. The pressure
receiving block 20  is attached to the lower surface of the plate 21 via
the upper shaft 22. The  upper die 26a is attached in place by means of the
upper die holder 25a and 25 the lower die 26b is attached in place by means
of the lower die holder. 25b.  The upper die 26a and lower die 26b form a
molding die. A compound 2 is press molded to conform to a shape formed by
the upper die  26a and lower die 26b. For a precision device, to keep
precise dimensions is essential. For  30 example, an optical device acting
as a precision device requires a high degree  of dimensional accuracy to
achieve. When an optical device is molded as a  molded product, the
ultimate dimensional accuracy of the optical device is 9 December 2004 2
determined by parallelism between the upper die 26a and the lower die 26b.
Therefore, by having the entire pressure receiving block 20 slanted against
the  pressure applying block 19 having a reference plane while a spacer
with a  predetermined thickness being sandwiched between the plate 21 and
the side plate  



24, the parallelism between the upper die 26a and the lower die 26b, both
forming  a molding die together, has been adjusted. In this case, the
spacer has a thickness  determined according to the purpose to be achieved.
However, with the foregoing prior art molding machine, every time the
adjustment in parallelism is performed, the spacer has to be inserted into
the  molding die, thereby making it rather difficult for the parallelism of
the molding  die to be adjusted with a high degree of accuracy and with
excellent workability  because of the errors created by sandwiching the
spacer between the dies, the  thermal distortion of the spacer, the thermal
distortion of the molding die itself  and the like. The present invention
provides a precision device molding machine  whereby parallelism of a
molding die is allowed to be adjusted with a high degree  of accuracy and
also with excellent workability. Summary of the Invention In accordance
with a first aspect of the present invention, there is provided  a
precision device molding machine of the present invention comprising: (a) a
supporting plate; (b) a parallelism adjustment mechanism held by said
supporting plate;  (c) a pressure applying plate that is movable up and
down; (d) a lower die disposed on an upper surface of said pressure
applying plate;  (e) a molding control means; and (f) an upper die disposed
on said parallelism adjustment mechanism, wherein, when said pressure
applying plate is moved upward, said upper  die and lower die are engaged
with each other to form a molding die, wherein said parallelism adjustment
mechanism comprises a pressure  receiving member, an adjusting plate, a
transmitting member, a fixed fulcrum and  an operating member, wherein said
transmitting member is disposed between said pressure  receiving member and
said adjusting plate, 9 December 2004 3 wherein said fixed fulcrum fixes
securely one point of said pressure  receiving member and said supporting
plate, wherein said adjusting plate is moved by having said operating
member  manipulated, and 



wherein said pressure receiving member is slanted with said fixed fulcrum
serving as a pivot via said transmitting member as said adjusting plate is
being  moved, thereby a gradient of said pressure receiving member is
adjusted,  parallelism between said upper die and said lower die is
adjusted, and a compound  in a cavity formed in said molding die is molded.
In accordance with a second aspect of the present invention, there is
provided a precision device molding machine comprising: (a) a supporting
plate with an upper plate and a side plate; (b) a parallelism adjustment
mechanism held by said supporting plate;  (c) a pressure applying plate
that is movable up and down; (d) a lower die disposed on an upper surface
of said pressure applying plate;.  (e) a molding control means; and (f) an
upper die disposed on said parallelism adjustment mechanism,  wherein said
precision device is an optical device, wherein, when said pressure applying
plate is moved upward, said upper  die and lower die are engaged with each
other to form a molding die, wherein said parallelism adjustment mechanism
comprises a pressure  receiving member, an adjusting plate, a transmitting
member, a fixed fulcrum and  an operating member, wherein said adjusting
plate comprises a first adjusting plate and a second  adjusting plate,
wherein each respective adjusting plate of said first adjusting plate and
second adjusting plate has a slanting surface with a gradient, wherein said
fixed fulcrum has said first true sphere, wherein said transmitting member
comprises a second true sphere and a  third true sphere, 9 December 2004 4
wherein said operating member comprises a first operating member to  move
said first adjusting plate and a second operating member to move said
second adjusting plate, wherein said each respective adjusting plate is
located between an upper  surface of said pressure receiving plate and said
upper plate, wherein said second true sphere is disposed between a slanting
surface of  



said first adjusting plate and an upper surface of said pressure receiving
plate,  wherein said third true sphere is disposed between a slanting
surface of said second adjusting plate and an upper surface of said
pressure receiving plate,  wherein each respective true sphere of said
first true sphere, second true  sphere and third true sphere is located on
the apexes of a regular triangle, wherein said each respective adjusting
plate is moved in a traversing  direction when said each respective
operating member is manipulated, and  wherein said pressure receiving plate
is made to slant in a vertical direction via said each respective true
sphere with said fixed fulcrum acting as a  pivot as said each respective
adjusting plate is being moved and said pressure  receiving plate is
adjusted in parallelism, thereby having said pressure receiving plate
adjusted in gradient, having a  degree of parallelism between said upper
die and said lower die adjusted and  having a compound in a cavity formed
with said molding die molded. In accordance with a third aspect of the
present invention, there is  provided a precision device molding machine
comprising: (a) a supporting plate with an upper plate and a side plate;
(b) a parallelism adjustment mechanism held by said supporting plate; (c) a
pressure applying plate that is movable up and down; (d) a lower die
disposed on an upper surface of said pressure applying plate;  (e) a
molding control means; and (f) an upper die disposed on said parallelism
adjustment mechanism,  wherein said precision device is an optical device,
wherein, when said pressure applying plate is moved upward, said upper  die
and lower die are engaged with each other to form a molding die, 9 December
2004 5 wherein said parallelism adjustment mechanism comprises a pressure
receiving block, an adjusting plate, a transmitting member, a fixed fulcrum
and an  operating member, wherein said adjusting plate comprises a first
adjusting plate and a second  adjusting plate, wherein each respective
adjusting plate of said first adjusting plate and  second adjusting plate
has a slanting surface with a gradient, 



wherein said transmitting member comprises a second true sphere, and a
third true sphere, wherein said operating member comprises a first
operating member to  move said first adjusting plate and a second operating
member to move said  second adjusting plate, wherein said each respective
adjusting plate is located between a side  surface of said pressure
receiving block and said side plate, wherein said second true sphere is
disposed between a slanting surface of  said first adjusting plate and an
side surface of said pressure receiving block,  wherein said third true
sphere is disposed between a slanting surface of said second adjusting
plate and an side surface of said pressure receiving block,  wherein said
fixed fulcrum and each respective true sphere of said second  true sphere
and third true sphere is located on apexes of a regular triangle,
respectively, wherein said each respective adjusting plate is moved in a
vertical  direction when said each respective operating member is
manipulated, and  wherein said pressure receiving block is made to slant in
a traversing direction via said each respective true sphere with said fixed
fulcrum acting as a  pivot as said each respective adjusting plate is being
moved and said pressure  receiving block is adjusted in parallelism,
thereby having said pressure receiving block adjusted in gradient, a degree
of parallelism between said upper die and said lower die adjusted and a
compound  in a cavity formed with said molding die molded. In accordance
with a fourth aspect of the present invention, there is  provided a method
for molding a precision device by using a molding machine,  said molding
machine comprising: 9 December 2004 5a (a) a supporting plate; (b) a
parallelism adjustment mechanism held by said supporting plate,  wherein
said parallelism adjustment mechanism comprises a pressure  receiving
member, an adjusting plate with a slanting surface, a transmitting  member,
a fixed fulcrum and an operating member; (c) an upper die disposed on a
lower surface of said pressure receiving plate;  (d) a pressure applying
plate that is movable up and down; 



(e) a lower die disposed on an upper surface of said pressure applying
plate;  (f) a molding control means; and (g) a fixing member to fix said
pressure receiving member onto said supporting  plate, said molding method
comprising the steps of:  (1) adjusting a gradient of a pressure receiving
member, wherein said step of adjusting a gradient of said pressure
receiving member  comprises a step of manipulating said operating member,
thereby having said  adjusting plate moved, and wherein, as said adjusting
plate is being moved, said pressure receiving  member is slanted via said
transmitting member with said fixed fulcrum acting  as a pivot, a gradient
of said pressure receiving member is adjusted -and an  adjustment of
parallelism between said upper die and said lower die is made; (2) fixing
said pressure receiving member onto said supporting plate by means of  said
fixing member under a condition where a gradient of said pressure
receiving member is adjusted by said parallelism adjustment mechanism; (3)
having said pressure applying plate lifted to make said lower die and upper
die  engaged with each other and molding a compound in a molding die formed
with said lower die and upper die; and (4) taking out a provisional molded
product as described by having said lower die  moved down. In an example
embodiment, the molding method further comprises the  steps of: (5)
measuring the dimensions of the provisional molded product; (6) making a
comparison between the measured dimensions of the provisional 9 December
2004 5b molded product and the desired dimensions and repeating the steps
of  adjusting the gradient of the pressure receiving member; and (7)
molding the compound into a shape by operating the molding machine after
repeating the steps of adjusting the gradient of the pressure receiving
member. In another example embodiment, the adjusting plate has a slanting
surface  with a slanting angle and the transmitting member is moved on the
slanting  surface as the adjusting plate is moved, thereby causing the
pressure receiving  



member to be slanted. The transmitting member may comprise a true sphere
and the pressure  receiving member may be slanted via the true sphere as
the adjusting plate is  moved. In yet another example embodiment, the
adjusting plate has two adjusting  plates of a first adjusting plate and a
second adjusting plate, the first adjusting  plate and second adjusting
plate are located at positions apart from each other and  the distance
between the first adjusting plate and the fixed fulcrum equals to the
distance between the second adjusting plate and the fixed fulcrum. The
parallelism of the molding die may be allowed to be adjusted with a  high
degree of accuracy and excellent workability. As a result, a precision
device  with excellent dimensional accuracy can be realized. Brief
Description of the Drawings Fig. 1 is a perspective view of the main part
of a precision device molding  machine in a first exemplary embodiment of
the present invention. Fig. 2 (a) is a plan view of the essential part of a
parallelism adjustment  mechanism of the molding machine of Fig. 1 and Fig.
2 (b) is a cross-sectional  view of the main part of the parallelism
adjustment mechanism. Fig. 3 (a) is a plan view of the essential part of a
parallelism adjustment  mechanism of a precision device molding machine in
a second exemplary  embodiment of the present invention and Fig. 3 (b) is a
cross-sectional view of the  main part of the molding machine. Fig. 4 is a
cross-sectional view of the essential part of a prior art precision  device
molding machine. 9 December 2004 5c Detailed Description of the Invention A
precision device molding machine of the present invention com prises:  (a)
a supporting plate; (b) a parallelism adjustment mechanism held by the
supporting plate;  (c) a pressure applying plate that is movable
vertically; (d) a lower die disposed on the upper surface of the pressure
applying plate;  (e) a molding control means; and (f) an upper die disposed
on the parallelism adjustment mechanism;  



When the pressure applying plate is moved upward, the upper die 9 December
2004 6 and lower die are put together to engage each other, thereby forming
a mold- ing die. The parallelism adjustment mechanism comprises a pressure
re- ceiving member, an adjusting plate, a transmitting member, a fixed
fulcrum  5 and an operating member. The transmitting member is disposed
between the pressure receiv- ing member and the adjusting plate. The fixed
fulcrum has a point of the pressure receiving member and  the supporting
plate anchored securely. 10 When the operating member is manipulated, the
adjusting plate is  moved, thereby making the pressure receiving member
move via the trans- mitting member with the fixed fulcrum acting as a
pivot. Accordingly, the gradient of the pressure receiving member is ad-
justed and hence the parallelism between the upper die and the lower die 15
is adjusted, thereby allowing a compound in a cavity formed with the
molding  die to be molded into a shape. A molding method of a. precision
device according to the present in-.  vention uses a molding machine. .._:.
2) The molding machine comprises:  (a) a supporting plate; (b) a
parallelism adjustment mechanism held by the supporting plate,  wherein the
parallelism adjustment mechanism comprises a pressure re- ceiving member,
an adjusting plate with a slanting surface, a transmitting  25 member, a
fixed fulcrum and an operating member; (c) an upper die disposed on the
lower surface of the pressure receiving mem- ber; .(d) a pressure applying
plate that is movable vertically; (e) a lower die disposed on the upper
surface of the pressure applying plate;  30 (f) a molding control means;
and (g) a fixing member for fixing the pressure receiving member on the
support- 



ing plate. 9 December 2004 7 The molding method comprises the steps of, (1)
adjusting the gradient of the pressure receiving member, wherein the step
of adjusting the gradient of the pressure receiving mem- ber comprises a
step of manipulating the operating member, 5 wherein, by manipulating the
operating member, the adjusting plate is  moved, wherein, as the adjusting
plate is moved the pressure receiving member is  slanted via the
transmitting member with the fixed fulcrum acting as a  pivot, and 10
wherein the gradient of the pressure receiving member is adjusted and the
parallelism between the upper die and the lower die is adjusted; (2) fixing
the pressure receiving member onto the supporting plate by means  of the
fixing member while the gradient of the pressure receiving member  being
adjusted by the parallelism adjustment mechanism; 15 (3) ascending of the
pressure applying plate to have the lower die and upper die engaged with
each other.and molding a compound in a molding die  formed of the lower die
and upper die into a shape; and (4) 'taking out the provisional molded
product as described by moving down Preferably, the molding method further
comprises'the steps of  (5) measuring the dimensions of the provisional
molded product; (6) making a comparison between the measured dimensions of
the provisional  molded product and the desired dimensions and repeating
the steps of 25 . adjusting the gradient of the pressure receiving member;
and (7) molding the compound into a shape by operating- again the molding
ma- chine after repeating the: steps of adjusting the gradient of the
pressure re- ceiving member.. . Preferably, the adjusting plate has a
slanting surface with a slant- 30 ing angle and the- transmitting member is
moved on the slanting surface as  the adjusting plate is moved, thereby
causing the pressure receiving member  to be slanted. 9 December 2004 8 



Preferably, the transmitting member comprises a true sphere and  the
pressure receiving member is slanted via the true sphere as the adjusting
plate is moved. Preferably, the adjusting plate comprises two adjusting
plates of a  5 first adjusting plate and a second adjusting plate, the
first adjusting plate and  second adjusting plate are located at positions
apart from each other and the  distance between the first adjusting plate
and the fixed fulcrum equals to the  distance between the second adjusting
plate and the fixed fulcrum. Preferably, the fixed fulcrum, first adjusting
plate and second ad- 10 justing plate are located at the apexes of a
triangle, respectively. According to the structure as described in above,
the parallelism of  the molding die is allowed to be adjusted with a high
degree of accuracy and  excellent workability. As a result, a precision
device with excellent dimen- sional accuracy can be realized. 15
Preferably, a precision device is an optical device,  the supporting plate
has an upper plate, the pressure receiving member has a pressure receiving
plate,  the fixed fulcrum has .4 first true sphere, 20 the pressure
receiving plate is fixed onto the upper plate via the first true  sphere,
the adjusting plate has a first adjusting plateand a second adjusting
plate, the respective adjusting plates of the first adjusting plate and
second adjust- ing plate have a slanting surface with a gradient, 25 the
respective adjusting plates are located between the -upper surface of the
pressure receiving plate and the upper plate, the transmitting member has
,a second true sphere and a third true -sphere  the second true sphere is
disposed between the: slanting, surface of the first  adjusting plate and
the upper surface of the pressure receiving plate, 30 the third true sphere
is disposed between the slanting surface of the second  adjusting plate and
the upper surface of the pressure receiving plate, the respective true
spheres of the first, second and third true spheres are 16 9 December 2004
9 cated at the apexes of a regular triangle, 



the operating member comprises a first operating member to move the first
adjusting plate and a second operating member to move the second adjusting
plate, 5 when each respective operating member of above is manipulated, the
respec- tive adjusting plates are moved horizontally; as each respective
adjusting plate of above is moved, the pressure receiving  plate slants up
and down via the respective true. spheres with the first true  sphere
serving as the fulcrum, and 10 the parallelism of the pressure receiving
plate is adjusted. According to the structure as described in above, the
pressure re- ceiving plate is moved vertically by the magnitude
proportionate to the  amount of horizontal shifting of the adjusting plate
that is slanted and freely  movable horizontally, thereby allowing the
parallelism with respect to the  15 reference plane to be adjusted.
Preferably, the precision device is an optical device,  the supporting
plate comprises an upper plate * and a side plate,  the pressure receiving
member has a pressure receiving block, 20 . the adjusting plate comprises a
first adjusting plate and second adjusting plate,  each respective
adjusting plate of the foregoing first and second adjusting  plates has a
slanting surface with a gradient, the transmitting member has a second true
sphere and a third true sphere, 25 each respective adjusting plate of above
is disposed between the side surface of the pressure receiving block and
the side plate, the second true sphere is disposed between the slanting
surface of the Est adjusting plate and the side surface of the pressure
receiving block, ' the third true sphere is disposed between the slanting
surface .of the second 30 adjusting plate and the side surface of the
pressure receiving block, the fixed fulcrum, second and third true spheres
are located at the apexes of a regular triangle, respectively, 9 December
2004 10 the operating member comprises a first operating member to move the
first  adjusting plate and a second operating member to move the second
adjusting  plate, 



when each respective operating member of above is manipulated, the respec-
5 tive adjusting plates shift are moved in the vertical direction, as each
respective adjusting plate of above is moved, the pressure receiving  block
slants in the horizontal direction via the respective true spheres with
the fixed fulcrum acting as a pivot, and the parallelism of the pressure
receiving block is adjusted. 10 According to the structure as described in
above, the pressure re- ceiving block is moved horizontally by the
magnitude proportionate to the  amount of vertical shifting of the
adjusting plate that is slanted and freely  movable vertically, thereby
allowing the parallelism with respect to the refer- ence plane to be
adjusted. 15 Preferably, the parallelism adjustment mechanism further
compris es a shifting amount measurement mechanism, and the shifting amount
measurement-mechanism has functions to measure-and  confirm the amount of
shifting of each respective adjusting plate of above. 20 Accordingly, the
parallelism is ' allowed to be adjusted while the  amount of adjustment for
parallelism being measured and confirmed.. Preferably, the parallelism
adjustment mechanism further compris- es an automatic control means for
controlling automatically the amount of  25 shifting, and the automatic
control means detects a deviation from the reference plane of the pressure"
applying, plate in parallelism, thereby automatically setting up  the
amount of shifting for the respective :adjusting plates. Accordingly, an
adjustment of parallelism can be performed :auto matically. . Preferably,
the operating member has a micrometer head, and 9 December 2004 11 the
micrometer head comprises a first micrometer head (10) to drive the first
adjusting plate and a second micrometer head (10a) to drive the second ad-
justing plate. Accordingly, the shifting of the freely movable plate and
the meas- 5 urement of the amount of shifting are allowed to be performed
readily and  with a high degree of accuracy. 



Preferably, the transmitting member comprises a second pair of  seats, a
third pair of seats, a second true sphere disposed between the second 1.0
pair of sheets and a third true sphere disposed between the third pair of
sheets, the fixed fulcrum comprises a first pair of sheets and a first true
sphere dis- posed between the first pair of sheets, a sheet of the second
pair of sheets is fixed onto the pressure receiving plate,  15 a sheet of
the third pair of sheets is fixed onto the pressure receiving plate, as
each respective adjusting plate of above is moved, the other sheets out of
the pairs of sheets slide along the slanting surface of each respective
adjusting  plate.-of the foregoing, and as the foregoing. other. sheets
slide; the pressure receiving plate is moved via   20 the second and third
true spheres: Accordingly, the foregoing effects multiply. Next, a
description is given to some of the exemplary embodiments  of the present
invention with reference to drawings. 25 30 First Exemplary Embodiment
Fig., 1 is a :schematic perspective sketch to show the essential part of  a
precision .device- molding machine, Fig:. 2(a) is a plan view of the
essential,  part of the molding machine and Fig. 2(b). is a cross-sectional
view of the same. In Fig. 1, Fig. 2(a) and Fig. 2(b), an optical device
molding machine  as the precision molding machine comprises a pressure
applying plate 1, a  supporting member 14, a lower die 13b, an upper plate
4 serving as a sup 9 December 2004 12 porting plate, and upper die 13a and
a parallelism adjustment mechanism.  The parallelism adjustment mechanism
is provided with a pressure receiving  plate 3 serving as a pressure
receiving member, two adjusting plates 8 and 8a,  and three true spheres 7,
7a and 7b. Preferably, the parallelism adjustment 5 mechanism comprises
fixing bolts 5a, 5b and 5c as the fixing members, three  pairs of seats 6,
16, 6a, 16a, 6b and 16b, micrometers 10 and 10a, joints 11 and  11a, and
adjusting screws 9 and 9a. An upper die 13a and lower die 13b  together
form a molding die. 



The pressure applying plate 1 is freely movable vertically to press  10 the
molding die. The upper surface of the pressure applying plate 1 makes a
reference plane of the precision device molding machine. The lower die 13b
is mounted on the upper surface of the pressure applying plate I by means
of  a lower die holder 12b. The lower die 13b is disposed.on the pressure
ap- plying plate 1 and the pressure applying plate 1 is disposed on the
utmost tip 15 end of the supporting member 14. A compound 2 is put on the
lower die 13b.  The compound 2 is formed of a resin or glass. The pressure
applying plate 1 is made movable upward. The pressure " receiving plate 3
is fastened onto the upper plate 4 'by  means of fixing bolts 5a, 5b. and
5c. These fixing-bolts 5a" 5b and -5c are lo- 20 cated on the upper plate 4
as if the fixing bolts are situated. on the apexes of a triangle,.
respectively.' Preferably, these fixing members 5a,. 5b and 5c: are,
arranged 120 degrees apart in angle from one another, each being located on
the apexes of a regular triangle, respectively. The upper die 13a is
securely  attached to a projected area on the lower surface - of the
pressure receiving 25 plate 3 by means of an upper die holder 12a. The
upper die 13a and lower  die 13b are located opposite to each other. A
cavity is formed in a space formed with the upper die 13a and lower die
13b. The parallelism adjustment mechanism is disposed between the  upper
plate 4 and the upper die 13a. The parallelism adjustment mecha 30 nism 'is
provided with the pressure receiving plate 3, two adjusting plates 8  and
8a, three pairs of seats 6, 16, 6a, 16a, 6b and 16b and three true spheres
7,  7a and 7b. The two adjusting plates include a first adjusting plate 8
and a 9 December 2004 13 second adjusting plate 8a. The three pairs of
seats comprise a first pair of  seats 6 and 16, a second pair of seats 6a
and 16a and a third pair of seats 6b  and 16b. The three spheres include a
first true sphere 7, a second true  sphere 7a and a third true sphere 7b. 5
The second pair of seats 6a and 16a, third pair of seats 6b and 16b, second
true sphere 7a and third true sphere 7b form a transmitting member. The
first true sphere 7 is disposed between the first pair of seats 6 and 16.
The second true sphere 7a is disposed between the second pair of seats 6a
and  16a. The third true sphere 7b is disposed between the third pair of
seats 6b 



10 and 16b. The respective true spheres 7, 7a and 7b are formed of super
steel,  ceramics or the like, and shaped like a sphere. One end of each
respective  member of the pairs of seats 6, 16, 6a, 16a, 6b and 16b has a
cone shaped re- ceptive surface, and the respective cone shaped receptive
surfaces accept and  engage with the respective true spheres 7, 7a and 7b_
These pairs of seats 6, 15 16, 6a, 16a, 6b and 16b are formed of the same
material as the true spheres 7,  7a and 7b. As Fig: 2(b} shows, the first
pair of seats 6 and 16 and the first true  sphere 7. are disposed between
the upper plate 4 and the pressure receiving  .plate 3.' The first pair of
seats 6 and 16 and the'. first true sphere function as  20. a fixed
fulcrum,. respectively. The fast adjusting plate 8 and second adjusting
plate. 8a are dis- posed on the lower surface of the upper plate 4 so as to
be freely movable hori- zontally. The respective first adjusting plate 8
and second adjusting plate 8a  have an upper surface with a flat plane and
a lower surface with a slanting 25 plane. The upper surface of the first
adjusting - plate 8 is brought into inti mate contact with the lower
surface of the upper plate 4 so as to be allowed to  slide thereon. The
slanting surface of the first adjusting plate 8 is. brought  into intimate
contact with one seat 6a out of the second .pair. of seats 6a ' and  16a so
as to. be allowed to slide thereon. One seat 16a of the second pair of 30
seats 6a and 16a is fixed onto the upper surface of the pressure receiving
plate  3. Thus, the pressure receiving plate 3 is allowed to be interlocked
in move- ment with' the first adjusting plate 8 via the second pair of
seats 6a and 16a 9 December 2004 14 tally.: The first micrometer head 10 is
linked with the other end of the first.  adjusting- screw 9 by -means of
the first joint 11... The second micrometer  head 10a is linked with the
other -end' of the second adjusting screw 9a by  means of the second joint
11a. These micrometer heads 10 and 10a.drive the 30. adjusting screws 9 and
9a to shift in position, determine the amount of shift- ing and, further,
measure and confirm the amount of shifting. Upon manipulating the first
micrometer head 10, the first adjusting and the second true sphere 7a.
Similarly, the upper surface of the second  adjusting plate 8a is brought
into intimate contact with the lower surface of  



the upper plate 4 so as to be allowed to slide thereon. The slanting
surface of  the second adjusting plate 8a is brought into intimate contact
with one seat 6b 5 out of the third pair of seats 6b and 16b so as to be
allowed to slide thereon.  One seat 16b of the third pair of seats 6b and
16b is fixed onto the upper sur- face of the pressure receiving plate 3.
Thus, the pressure receiving plate 3 is  allowed to be interlocked in
movement with the second adjusting plate 8a via  the third pair of seats 6b
and 16b and the third true sphere 7b. 10 The first true sphere 7, second
true sphere 7a and third true sphere  7b are located at the apexes of a
triangle, respectively. Preferably, these true  spheres 7, 7a and 7b are
arranged 120 degrees apart in angle from one an- other, each being located
on the apexes of a regular triangle, respectively. Preferably, the distance
between the first true sphere 7 and the second true  15 sphere 7a equals to
the distance between the first true sphere 7 and the third  true sphere 7b.
Preferably, the first fixing bolt 5c and first true sphere 7 are 20
located. on the same axis line that passes the center of the upper die 13b.
The second fixing-bolt 5a and. second' true. sphere 7a are located on
the.same axis line that passes the center-of the upper die 13b. -The third
fixing bolt 5h  and third true sphere 7b are located on the same-axis line
that passes the cen ter of the upper die 13b. One end of the first
adjusting screw 9 hits on the side surface of the  first adjusting plate 8.
One end of the second adjusting screw 9a hits on the  side surface of the
second adjusting plate 8a. These adjusting screws 9 and 25 9a are rotated,
thereby making the adjusting plates 8 and 8a move horizon 9 December 2004
15 screw 9 rotates and, as the first adjusting screw rotates, the first
adjusting  plate 8 is moved horizontally. With the movement of the first
adjusting  plate 8, one seat 6a of the first pair of seats 6a and 16a
slides on the slanting  surface of the first adjusting plate 8, thereby
causing the pressure receiving  5 plate 3 to slant via the second true
sphere 7a and seat 16a. Similarly, upon manipulating the second micrometer
head 10a, the  pressure receiving plate 3 slants via the third true sphere
7b and second pair  of seats 6b and 16b. Thus, the molding machine as
described in above 



makes it possible for such a fine adjustment as close to one micron to be
10 achieved. Next, a description is given to the steps of molding an
optical device  by the use of a precision device molding machine structured
as described in  above and adjusting the parallelism of the optical device.
15 First, the optical device is provisionally molded- ' More specifically,
a compound 2 is placed at a predetermined position of the lower die 13b and
then the pressure applying plate 1 is lifted, thereby having the lower die
13b  and upper die 13a put together to engage each other. Under this
condition,  the compound 2 is heated and pressed. Thereafter,: when. the
compound 2 is .20 formed of a thermoplastic resin, the compound 2 is cooled
and the pressure  applying plate 1 is moved down. Then, the molded 'optical
device is taken  out of the molding die. When the compound 2 is formed of a
thermosetting  resin, the pressure applying plate 1 is moved down after the
compound 2 is  hardened. After that, the molded optical device is taken out
of the molding  25 die. Thus, the optical device is provisionally molded.
Then, the provisional. molded optical device is checked, for parallel,  ism
by having the parallelism of the optical device measured at a plurality of
points around the perimeter thereof, for example, or alternatively, by
having  the interference stripes measured by the use of an optical.
measurement- in 30 strument. Thus, the parallelism of the entire
provisional molded product is  checked. Further, based on the measurement
result of the provisional mold- ed product, a proper amount of compensating
adjustment of the parallelism 9 December 2004 16 adjustment mechanism is
determined in order for the necessary parallelism to  be established. In
order to correct the parallelism of the pr ovisional molded product  thus
obtained to have a predetermined degree of accuracy, the parallelism  5
adjustment mechanism of the molding machine is adjusted. More specifi
cally, three bolts of the second fixing bolt 5a, third fixing bolt 5b and
first fix- ing bolt 5c are loosened and the first micrometer head 10 and
second micro- meter head 10a are rotated, thereby making the upper die 13a
slant to a de- sired angle via the pressure receiving plate 3, second true
sphere 7a, third 10 true sphere 7b, second pair of seats 6a and 16a and
third pair of seats 6b and  



16b. Thus, the angle of the upper die 13a is adjusted.so as to establish a
predetermined degree of parallelism. Preferably, the first adjusting plate
8 and second: adjusting plate 8a are slightly slanted- When the adjusting
plates 8 and 8a are slightly slanted,  15 the magnitude of slanting of the
pressure receiving plate 3 is made small in comparison with the :distance
of shifting in position of the adjusting plates. In other words, by making
the slanting of the` adjusting plates smaller, the  resolving power of
adjustment in the slanting angle: against the shifting in  position of the
respective adjusting plates is allowed increase--. Further, it 20 is
preferred that the first adjusting screw. 9 and second adjusting screw 9a
have a small screw thread pitch; respectively. When the pitch of the ad-
justing screw is small, the distance of shifting in position of the
adjusting plate  for the number of rotation of the screw becomes small,
resulting in an increase of the resolving power of adjustment in the
slanting angle of the pressure re- .25 ceiving plate, or alternatively, by
changing the radius of curvature of the true sphere and the radius of
curvature of the seat, the resolving power of adjust 30  ment in the
slanting angle of the pressure receiving, plate is allowed to be' ad-
justed. Alternatively, the moving of the adjusting screws 9 and 9a or the
adjusting plates 8 and 8a is initiated and the amount of moving is
established or confirmed by the use of the micrometer heads 10 and 10a. In
other words,  the slanting of the pressure receiving plate 3 is allowed to
be fine tuned ac- cording to the slanting angle made by the slanting
surface of each respective 9 December 2004 17 adjusting plate, pitch of
each respective adjusting screw, radius of curvature of  each respective
true sphere, micrometer head and the like, thereby allowing a  fine
adjustment of 1 gm or less in gradient to be made, for example. Thus,  the
adjusting plates 8 and 8a are adjusted by a required amount of shifting in
5 position and the positions thereof are fixed there. Then, the three bolts
of  the second fixing bolt 5a, third fixing bolt 5b and first fixing bolt
5c are fas- tened again to finish the adjustment of the upper die 13a in
parallelism. By the use of a molding machine prepared as described in
above, a compound  is molded in the same way as described in above. By
repeating these steps  



10 as needs require, a precision device with a required degree of accuracy
in par- allelism is allowed to be molded. Next, a description is given to
molding of an optical device as a speci- fic example of the precision
device. For example, the three true spheres of 15 the. first true sphere 7,
second true sphere 7a and third true sphere 7b are  arranged on a
concentric circle of 90 mm in diameter to occupy the three  apexes of a
regular, triangle, respectively. When the first adjusting plate 8
and-second adjusting plate 8a are moved by about I mm horizontally, respec-
tively, the respective adjusting: plates 8: and 8a are moved by 0.05 mm
verti 20 tally. In other words,, the . gradient of each respective
adjusting plate- is set  up so as to have the amount of shifting in
position changed vertically by one  twentieth of the -amount of horizontal
shifting in position. When a disc  shaped optical device of 3.9 mm in outer
diameter is. molded and adjusted to  have a predetermined degree of
accuracy in parallelism, in order for the opti 25 cal device to be slanted
by I lm to the right when looked from the operator  side, the second.
adjusting plate 8a located at -the right side is moved by. 2-mm  toward the
back thereof and further the- first adjusting plate.8 located at the left
side is moved by 2 mm toward the front thereof, thereby achieving a pre
determined gradient. As a result, an optical device with a required degree
of 30 accuracy in parallelism is allowed to be obtained. Preferably, the
precision device molding machine of above further  comprises a control
mechanism, which detects a deviation of the molding ma 9 December 2004 18
chine in parallelism from the reference plane and allows the required
amount  of shifting in position of the adjusting plate to be determined
automatically.  Also, the foregoing precision device molding machine is
equipped with an  automatic control mechanism for controlling automatically
molding operation 5 processes, a drive mechanism for adjusting plates, a
measurement mecha- nism of the amount of shifting in position of adjusting
plates and the like.  Accordingly, each respective processing step of the
precision device molding  machine is automated with a resulting
contribution to further enhancement of  accuracy in the configuration of
the precision device to be molded and also to 10 molding of the precision
device having a high degree of accuracy with stability.  When the precision
device is an optical device, an extremely excellent effect 



can be gained. Second Exemplary Embodiment 15 Fig. 3(a) is a partially cut
out plan view of the essential part of a  precision device molding machine
in a second exemplary embodiment of the  present invention and Fig. 3(b) is
a cross-sectional view of the same. In Fig.. 3(a) and Fig. *),.the
precision device molding machine  comprises a :pressure applying plate 1, a
supporting member 14,".a lower die.  20- 13b, an upper plate. 4 and a side
plate 29 acting as a supporting plate, respec tively, an upper die 13a and
a parallelism adjustment mechanism.' The par-.  allelism adjustment -
mechanism comprises a pressure receiving block 15  acting as a pressure
receiving member, true spheres 7a and 7b, and adjusting  plates 8 and 8a.
The pressure receiving block 15 is tall and shaped like a 25 'cylindrical
column, for example. 'Preferably, the parallelism adjustment  mechanism
.:comprises . seats 6a and,6b, a.pressing bolt .28 acting as a fixed
fulcrum, a bearing 27, a micrometer head 10, a `joint 11 and an adjusting
screw. 9.' - The side plate 29 is held by the upper plate 4:' The pressure
re-  ceiving block 15 is shaped like a cylindrical column and supported by
the 30 bearing 27, and also is surrounded by the side plate 29. The
pressing bolt 28  is held by the side plate 29 and pressed `against the
side. surface of the pros- sure receiving block 15. The upper die 13a
isdisposed' on the lower surface  9 December 2004 19 of the pressure
receiving block 15 by means of an upper die holder 12a. The  lower die 13b
is disposed at the position opposite to the upper die 13a. The  lower die
13b is disposed on the upper surface of the pressure applying plate 1  by
means of a lower die holder 12b. The upper surface of the pressure ap 5
plying plate 1 serves as the reference plane for an adjustment of
parallelism.  The adjusting plate is comprised of a first adjusting plate 8
and a  second adjusting plate 8a. The first adjusting plate 8 and second
adjusting  plate 8a have, respectively, a slanting surface with a gradient
and a contact  surface conforming to the configuration of the inner surface
of the side plate 10 29. These contact surfaces are made to be brought into
contact with the in- ner surface of the side plate 29 when the first
adjusting plate 8 and second  



adjusting plate 8a are put in place so as to be freely movable,
respectively. The true sphere is comprised of a first true sphere 7a and a
second  true sphere 7b. A first pair of seats 6a and 16a are disposed on
the slanting  15 surface of the first adjusting plate 8 and on the surface
of the pressure receiv ing block 15. One of the first pair of seats 6a and
16a is fixed on the pressure  receiving block 15 and the other one is
disposed on the slanting surface of the  first adjusting. plate 8 so as to
be freely movable: The first true sphere 7a is  located between the first
pair of seats 6a and 16a.. ..A second pair of seats 6b . 20 and 16b are
disposed on. the slanting surface ofthe second adjusting plate 8a  and on
the surface of the pressure receiving block 15. One ofthe second pair.  of
seats 6b and 16b is fixed on the pressure receiving block 15 and the other
one 'is disposed on the slanting surface of the second adjusting plate 8a
so as to  be freely movable.. The respective true spheres 7a and 7b are
formed of su 25 - per steel or ceramics and shaped like a sphere. One end
of each respective..  seat of the pairs of seats 6a, 16a, 6b and. 16b , has
a cone shaped receptive  surface, and the respective cone shaped receptive
surface's accept and engage  with the respective true spheres 7a and 7b.
These pairs of seats 6, 16, (3a;  16a, 6b and 16b are formed of the same.
material as the true spheres 7a and 7b. 30 The second true. sphere 7b is
located between the second, pair of seats 6b and  16b.  The' distance
between the pressing bolt 28 and the first true sphere 7a measured along
the perimeter on the side. surface of the pressure receiving 9 December
2004 20 block 15 is the same as the distance between the pressing bolt 28
and the sec- ond true sphere 7b. Preferably, the pressing bolt 28, first
true sphere 7a and  second true sphere 7b are equally spaced from one
another along the perime- ter on the side surface of the pressure receiving
block 15. 5 When the parallelism of the pressure receiving block 15 is
adjusted, these  pairs of seats 6a, 16a, 6b and 16b and true spheres 7a and
7b serve the func-  tion of a transmitting member, respectively. In
addition, the true spheres 7a  and 7b serve the function of a fulcrum,
respectively. Three fixing bolts acting as a fixing member, which are not
shown in  10 the drawing, are disposed on the upper plate 4 or on the side
plate 29. After  the parallelism of the pressure receiving block 15 is
adjusted, these three fix- ing bolts ultimately fix the pressure receiving
block 15 so that the state of ad- 



justed parallelism is maintained. One end of the first adjusting screw 9 is
brought into hitting against  15 the side surface of the first adjusting
plate 8. Similarly, one end of the sec ond adjusting screw 9a is brought
into hitting against the side surface of the  second adjusting plate 8a.
When these ' adjusting screws 9 and 9a .are ro tated, the adjusting plates
8 and 8a are moved up and down. The first mi-  crometer head 10 is linked
with the other end of the first adjusting screw 9 by 20 means of a first
joint 11. The second micrometer head 10a is linked with the  other end of
the second adjusting screw 9a by means of a second joint 11a.  These
micrometer heads 10 and 10a drive the adjusting screws 9 and 9a to  shift
in position and determine the amount of shifting thereof;, and further
measure - and confirm -the amount of shifting, thereby allowing the molding
25 machine thus structured to make such a fine adjustment as close to 1
micron.. By manipulating the micrometer head 10, the adjusting plates 8 and
8a are moved up and down Arid the seats. 6a. and 6b are. moved by sliding
on  the respective slanting surfaces formed on the adjusting plates 8 and
8a,  thereby having the gradient of the pressure, receiving, block .15
adjusted. ' As 30 a result,. the horizontality of the pressure receiving
block 15 against the reference plane  is adjusted. 9 December 2004 21 Next,
a description is given to the steps of molding an optical device  by the
use of a precision device molding machine structured as described in  above
and adjusting the parallelism of the optical device. 5 First, the optical
device is provisionally molded. More specifically,  a compound 2 is placed
at a predetermined position of the lower die 13b and  then the pressure
applying plate 1 is lifted, thereby having the lower the 13b  put together
with the upper die 13a to engage each other. Under this condi- tion, the
compound 2 is heated and pressed. Thereafter, when the compound 10 2 is
formed of a thermoplastic resin, the compound 2 is cooled and the pres-
sure applying plate 1 is moved down. Then, the molded optical device is ta-
ken out of the molding die. When the compound 2 is formed of a thermoset
ling resin, the pressure applying plate 1 is moved down after the compound
2  is hardened. After that, the molded optical device is taken out of the
mold 



15 ing die. Thus, the optical device is provisionally molded. Then, the
provisional molded optical device is checked for parallel- ism by having
the parallelism of the optical device measured at a plurality of  points
around the-perimeter thereof, for example, or alternatively, by having
the'-interference,,stripes-:measured by the use of an optical measurement
in-.  20 strument. Thus, the-.parallelism of the entire provisional molded
product is. checked: - Further, based on the measurement result of the
provisional mold- ed product, a proper amount of compensating adjustment of
the parallelism  adjustment mechanism is determined in order for the
necessary parallelism to --be established. 25 In order to correct the
parallelism of the provisional molded product  thus obtained to have a
predetermined degree of. accuracy, the parallelism  adjustment mechanism of
the molding machine' is adjusted, More specifi-  cally, three bolts not
shown in the drawing' are loosened and the first micro- meter head 10 and
second micrometer head 10a are rotated, thereby making . 30 the upper die
13a slant to a desired angle via the pressure receiving block 15,  true
spheres 7a and 7b, pairs of seats 6a, 16a,' 'b'and 16b. Thus, the angle of
the upper die 13a is adjusted to establish a predetermined degree of
accuracy 9 December 2004 22 in parallelism. Preferably, the first adjusting
plate 8 and second adjusting plate 8a  are slightly slanted. By making the
gradient of the adjusting plates smaller,  the resolving power of
adjustment in the slanting angle against the shifting in 5 position of the
respective adjusting plates is allowed to increase. Further, it  is
preferred that the first adjusting screw 9 and second adjusting screw 9a
have a small screw thread pitch, respectively. Alternatively, the moving of
the adjusting plates 8 and 8a is initiated and the amount of moving is
estab- lished or confirmed by the use of the micrometer heads 10 and 10a,
thereby 10 making it possible to make a fine adjustment of 1m or less, for
example.  Thus, the adjusting plates 8 and 8a are adjusted by a required
amount of  shifting in position and the positions thereof are fixed there.
Then, the three  bolts are fastened again to finish the adjustment of
parallelism of the upper  die 13a. By the use of a molding machine prepared
as described in above, a 



15 compound is molded in the same way as described before. By repeating
the- se steps as needs require, a precision device with a required degree
of accuracy  in parallelism is allowed to be molded. Third Exemplary
Embodiment': 20 Next, a description is given to a method for moldinga
precision de- vice in a third exemplary embodiment of the present
invention. In the pre- sent exemplary embodiment, the molding. machine as
described in the previ- ous exemplary embodiments is used. The molding
machine comprises: (a) supporting plates (4, 29); 25 (b) a parallelism
adjustment mechanism (3; 7, 8, 8a, 15) held by the support- .. ing plates,
wherein the parallelism adjustment mechanism. comprises a pressure re-
ceiving member; an adjusting plate with a slanting surface, a transmitting
member, a fixed fulcrum and an operating member; 30 (c) an upper die
disposed on the lower surface of the pressure receiving mem- ber (13a); (d)
a pressure. applying plate (1) that is movable up and down; 9 December 2004
23 (e) a lower die (13b) disposed on the upper surface of the pressure
applying  plate; (f) a molding control means; and (g) a fixing member to
fix the pressure receiving member onto the supporting  5 plate. The molding
method comprises the steps of (1) adjusting the gradient of the pressure
receiving member, wherein the step of adjusting the gradient of the
pressure receiving mem- ber comprises the step of manipulating the
operating member, thereby  10 having the adjusting plate moved, and
wherein, as the adjusting plate is moved, the pressure receiving member is
slanted via the transmitting -member with the fixed fulcrum acting as a
pivot and the slanting of the pressure receiving member is adjusted, there-
by leading to an adjustment of the parallelism between the upper die and
15 the lower die; (2) fixing the pressure receiving member onto the
supporting plate by means  



of the fixing member under the condition where the gradient of the pres-
sure. receiving member is adjusted by the parallelism adjustment mecha-
nism; 20 (3) having the pressure applying plate lifted to make the lower
die and upper  die engage each other, and ' molding a compound in a molding
die formed of the lower die and. upper  die; and (4) taking out a
provisional molded product as described by having the lower die moved down.
Preferably, the molding method further comprises the steps of:.  (5)
measuring the dimensions of the provisional molded product; (6) repeating
the steps of making an adjustment of the gradient of the pres  sure
receiving member after. making a. comparison between the dimen sions
measured on the provisional molded product and the desired dimen sions
thereof; and (7) operating again the molding machine to put out a molded
product after 9 December 2004 24 repeating the steps of making an
adjustment of the gradient of the pres- sure receiving member. Preferably,
the transmitting member is disposed between the pres- sure receiving member
and the adjusting plate, the fixed fulcrum fixes se- 5 curely one point of
the pressure receiving member and the supporting plate and the adjusting
plate is moved by manipulating the operating member in  the step of making
an adjustment of the gradient of the pressure receiving  member, thereby
causing the pressure receiving member to move via the  transmitting member
with the fixed fulcrum acting as a pivot. As a result, 10 the gradient of
the pressure receiving member is adjusted to make an adjust- ment of the
parallelism between the upper die and the lower die. Preferably, the
adjusting plate has a -slanting surface with a slant- ing angle and they
transmitting member moves on the slanting surface as the adjusting plate
moves in the step of making an adjustment of the gradient of 15 the
pressure receiving member, thereby causing the pressure receiving mem  



ber to slant: Preferably,. the adjusting plate, has a slanting surface with
a slant- ing angle, the transmitting member has a pair of seats and a true
sphere dis- posed between the pair of seats, one seat of the pair of seats
is fixed onto the  20 'pressure receiving member and the other seat of the
pair of seats slides along the slanting surface as the' adjusting. plate is
moved in the step. of making an  adjustment of the gradient of the pressure
receiving member, thereby causing  the pressure receiving member to move
via the true sphere and the foregoing  one seat. Preferably, the adjusting
plate comprises two .adjusting plates of a first adjusting plate and a
second adjusting plate, t ha first adjusting plate and  second adjusting:
plate are. located apart from each other and the distance be-.  tween the
first adjusting plate and the fixed fulcrum. is the same as the dis tance
between the second adjusting plate and the fixed fulcrum. 30 Preferably,
the molded product is an optical device. Preferably, the operating member
comprises a. micrometer and a screw linked with the micrometer, the
adjusting. plate has a slanting surface 9 December 2004 25 with a slanting
angle and, in the step of making an adjustment of the gradient  of the
pressure receiving member, the screw is rotated by manipulating the
micrometer to cause the adjusting plate to shift in position, thereby
causing  the pressure receiving member to slant via the transmitting
member. 5 Next, a description is given to the steps of molding an optical
device  by the use of a precision device molding machine structured as
described in  above and adjusting the parallelism of the optical device.
The molding  method is described in the foregoing first and second
exemplary embodiments. 10 First, the optical device is provisionally
molded. More specifically,  the compound 2 is placed- at a predetermined
position of the lower die 13b and  then the pressure applying plate 1 is
lifted, thereby having the lower die 13b  and upper die 13a put together to
engage each other. Under this condition, the- compound 2 is heated and
pressed. Thereafter,  15 when the compound 2 is formed of a thermoplastic
resin, the compound 2 is  cooled' and the pressure applying plate 1 is
moved down. Then, the molded  



optical. device is taken but of the molding die. When the compound 2 is
formed of a thermosetting resin, the pressure applying plate 1 is moved
down  -after the compound .2 is hardened. After that, the molded optical
device' is ''20 taken out-of the molding die. Thus, the optical device is '
provisionally  molded. Then, the provisional molded optical device is
checked for parallel- ism by having the parallelism of the optical device
measured at a plurality of  points around the perimeter thereof; for
example, or alternatively; by having 25 the interference ' stripes'
measured by the ' use' of an optical measurement iii=  strument. Thus, the
: parallelism of the entire.provisional molded product is..  checked.:
Further, based on the measurement result of the provisional: mold- ed
product, a proper amount of compensating adjustment of the parallelism
adjustment mechanism is determined in order for the necessary parallelism
to  3a be established. In order to correct the parallelism of the
provisional molded product.  thus obtained to have a predetermined degree
of accuracy, the parallelism. 9 December 2004 26 adjustment mechanism of
the molding machine is adjusted. More specifi- cally, three bolts of the
second fixing bolt 5a, third fixing bolt 5b and first fix- ing bolt 5c are
loosened and the first micrometer head 10 and second micro- meter head 10a
are rotated, thereby mating the upper die 13a slant to a de 5 sired angle
via the pressure receiving member such as the pressure receiving  plate 3
or pressure receiving block 15, second true sphere 7a and third true
sphere 7b, pair of seats 6a and 16a and pair of seats 6b and 16b. Thus, the
angle of the upper die 13a is adjusted to establish a predetermined degree
of  accuracy in parallelism. 10 Thereafter, a product to be molded is
molded again by the use of the  molding machine adjusted as described in
above. _ Further, as needs require, the foregoing steps are repeated. Thus,
a molded product with a desired degree of accuracy in dimensions is
produced.  According to this molding method, the pressure receiving member
is adjusted 15 to close to 1 gm at minimum in gradient. As a result, the
dimensional error  of the molded product is allowed to be adjusted to close
to 1 m. Thus, according to the precision. device molding machine of the
pre- 



sent invention, the gradient of the upper die is allowed to be. controlled
in or 20 der to obtain a precision device with a required degree of
accuracy in parallel- ism without being affected by the accuracy and
thermal distortion of the ma- terials constituting the molding machine. As
a result, a precision device  with excellent dimensional accuracy is
obtained. In addition, the molding  steps involved can be readily
automated. Moreover, by having the magni- 25' tude of gradient of the
adjusting plate and the radius of curvature of the true sphere varied, the
resolving power of adjustment can be established freely: 9 December 2004 27
What is claimed is: 1. A precision device molding machine comprising:  (a)
a supporting plate; 5 (b). a parallelism adjustment mechanism held by said
supporting  plate; (c) a pressure applying plate that is movable up and
down; (d) a lower die disposed on an upper surface of said pressure
applying plate;  10 (e) a molding control means; and (f) an upper die
disposed on said parallelism adjustment mechanism,  wherein, when said
pressure applying plate is -moved upward, said  upper die and lower die are
engaged with each other to form a molding die, wherein said parallelism
adjustment mechanism comprises a prey=  15 sure receiving member, an
adjusting plate, a transmitting member, a fixed  fulcrum and an operating
member, wherein said transmitting member is disposed between said pressure
receiving member and said adjusting plate,  wherein said fixed fulcrum
fixes securely one point of said pressure receiving member and said
supporting plate,  wherein said adjusting plate is moved by having said
operating  member manipulated, and wherein said. pressure receiving member
is slanted with said fixed  fulcrum acting as a pivot via said transmitting
member as said adjusting . 



25 plate is being moved, thereby a. gradient. of said pressure-receiving
member is adjusted.  parallelism between said..upper.. die ;and said lower
'die is adjusted, - fluid a ..  compound in a cavity formed in said molding
die is molded. 2. The precision device molding machine according to. Claim,
1,  wherein said adjusting plate has .a slanting surface .with a slanting
angle, 9 December 2004 28 wherein said transmitting member is moved on said
slanting surface  when said adjusting plate is moved, and. wherein said
pressure receiving member is slanted as said transmit- ting member is being
moved. b 3. The precision device molding machine according to Claim 2,
wherein said transmitting member comprises a pair of seats and a true
sphere, disposed between said pair of seats, wherein one seat of said pair
of seats is fixed onto said pressure re- 10 ceiving member, wherein another
seat of said pair of seats slides along said slanting  surface of said
adjusting plate as said adjusting plate is being moved, and  wherein said
pressure receiving member is moved via said true sphere and said one seat
as said another seat is sliding. 15 4. The precision device molding machine
according to Claim 1,  wherein said adjusting plate comprises two adjusting
plates of a first adjusting plate and a second adjusting plate, wherein-
said first adjusting plate. and second adjusting plate are k.  20 cated
apart from each other, and wherein a' distance between said first adjusting
plate and said fixed  fulcrum equals to a distance between said second
adjusting plate and said  fixed fulcrum. 5. The precision device molding
machine according to Claim 1,  wherein said adjusting plate comprises two
adjusting plates of a first  



adjusting plate and a second adjusting: plate, and  wherein said fixed
fulcrum, first adjusting plate and second adjusting  plate are located on
the apexes of a regular, triangle, respectively. .  6., The. precision
device molding 'machine according to Claim 1,  ..further: comprising. a
fixing member to fix securely. said parallelism. adjust 9 December 2004 29
ment mechanism onto said supporting member, wherein said fixing member has
a function of fixing said parallelism  adjustment mechanism onto said
supporting member after said parallelism  adjustment mechanism is adjusted
in parallelism thereof 5 7. The precision device molding machine according
to Claim 1,  wherein said upper die and lower die are adjusted to an error
of 1 m  minimum in parallelism therebetween. 10 8. The precision device
molding machine according to Claim 1,  wherein said precision device is an
optical device. 9. The precision device molding machine according to Claim
1,  wherein said operating member comprises a micrometer and a screw  15
linked with said micrometer, wherein said adjusting plate has a slanting
surface with a slanting angle, wherein said screw is rotated by
manipulating said micrometer,  :Wherein said adjusting plate is moved as
said screw is being rotated, `wherein said pressure receiving member is
slanted via said transmit ting member as said adjusting plate is being
moved. 10. A precision device molding machine comprising: 25 (a) a
supporting plate with an upper plate and a side plate; (b) a parallelism
adjustment mechanism held by said supporting plate; ...:, . .(c) a pressure
applying plate that is movable up and down; (d) a lower die disposed on an
upper surface of said pressure applyin plate; 



(e) a molding control means; and {l) an upper die disposed on said
parallelism. adjustment mechanism, 9 December 2004 30 wherein said
precision device is an optical device, wherein, when said pressure applying
plate is moved upward, said  upper die and lower die are engaged with each
other to form a molding die,  wherein said parallelism adjustment mechanism
comprises a pres 5 sure receiving member, an adjusting plate, a
transmitting member, a fixed  fulcrum and an operating member, wherein said
adjusting plate comprises a first adjusting plate and a  second adjusting
plate, wherein each respective adjusting plate of said first adjusting
plate  10 and second adjusting plate has a slanting surface with a
gradient, wherein said fixed fulcrum has said first true sphere, wherein
said transmitting member comprises a second true sphere  and a third true
sphere, wherein said operating member comprises a first operating member
l.5 to move said first adjusting plate and a second operating member to
move said  .second adjusting plate, wherein said each respective adjusting
plate is located between an  upper surface-0f said pressure receiving plate
and said upper plate, wherein said second true sphere is disposed between a
slanting sur- 20 face of said first adjusting plate and an upper surface of
said pressure receiv- ing plate, wherein said third true sphere is disposed
between a slanting surface  of said second adjusting plate and, an upper
surface of said pressure receiving  plate, 25 wherein each respective true
sphere of said first true sphere, second  true sphere and third true sphere
is located on the apexes of a regular trian gle, wherein, said each
respective adjusting plate is moved in a traversing  direction when said
each respective operating member is manipulated, and 30 wherein said
pressure receiving plate is made to slant in a vertical  direction via said
each respective true sphere with said fixed fulcrum acting as  



a pivot as said each respective adjusting plate is being moved and said
pres 9 December 2004 31 sure receiving plate is adjusted in parallelism,
thereby having said pressure receiving plate adjusted in gradient,  having
a degree of parallelism between said upper die and said lower die ad-
justed and having a compound in a cavity formed with said molding die  5
molded. 11. The precision device molding machine according to Claim 10,
wherein said parallelism mechanism further comprises a shifting  amount
measurement mechanism, and 10 wherein said shifting amount measurement
mechanism has a func tion of measuring and confirming an amount of shifting
in position of said  respective adjusting plates. 12. The precision device
molding machine according to Claim 10, 15 wherein said parallelism
adjustment. mechanism further comprises  an automatic control means for
controlling a shifting amount automatically, -and wherein said automatic
control - means detects 'A- deviation of said  pressure applying plate from
a reference plane -in pa allelic and determines  20 a shifting amount for
said each respective adjusting plate automatically. 13. The precision
device molding machine according to Claim 10,  wherein said-operating
member has a micrometer head, and wherein said micrometer head comprises a
first micrometer head to  25 drive said first adjusting plate and a second
micrometer head to drive said  second adjusting plate. 14. The. precision
device molding machine according to Claim 10,  wherein said transmitting
member comprises a second pair.of seats, a 30 third pair of seats, -a
second -true sphere disposed between said second pair of  seats and 'a
third true sphere disposed between said third pair of seats,.  wherein said
fixed fulcrum comprises a first pair of seats and a. true 9 December 2004
32 sphere disposed between said first pair of seats, wherein one seat of
said second pair of seats is fixed onto said pres- 



sure receiving plate, wherein one seat of said third pair of seats is fixed
onto said-pressure  5 receiving plate, wherein, as said each respective
adjusting plate is being moved, other  seats of said pairs of seats slide
along said slanting surface of said respective adjusting plates, and
wherein, as said other seats are sliding, said pressure receiving plate  10
is via said second true sphere and third true sphere. 15. A precision
device molding machine comprising: (a) a supporting plate with an upper
plate and a side plate; (b) a parallelism adjustment mechanism held by said
supporting 15 plate; (c) a pressure applying plate that is movable up and
down; (d) a lower die disposed on an upper surface of said pressure
applying plate; (e) .a molding control means;% and 20 (f) an upper die
disposed on said parallelism adjustment mechanism,  wherein said precision
device is an optical device, . wherein, when said pressure applying plate
is moved upward, said  upper die and lower die are engaged with each other
to form a molding die,  wherein said parallelism adjustment mechanism
comprises a pres 25 sure receiving block, an adjusting plate, a
transmitting member, a fixed ful- crum and an operating member, wherein
said adjusting plate comprises a first adjusting plate and .a  second
adjusting plate, .. . wherein each respective adjusting plate of said first
adjusting plate  30 and second adjusting plate 'has a slanting surface'
with a gradient, wherein said. transmitting member comprises a second true
sphere. and a third true sphere, 9 December 2004 33 wherein said operating
member comprises a first operating member  to move said first adjusting
plate and a second operating member to move said  second adjusting plate,
wherein said each respective adjusting plate is located between a side  



5 surface of said pressure receiving block and said side plate, wherein
said second true sphere is disposed between a slanting sur- face of said
first adjusting plate and an side surface of said pressure receiving
block, wherein said third true sphere is disposed between a slanting
surface  10 of said second adjusting plate and an side surface of said
pressure receiving  block, wherein said fixed fulcrum and each respective
true sphere of said  second true sphere and third true sphere is located on
apexes of a regular tri- angle, respectively, 15 wherein said each
respective adjusting plate is moved in a vertical  direction when said each
respective operating member is manipulated, and  wherein said pressure
receiving block is made to slant in a traversing direction via said each
respective true sphere with said fixed fulcrum acting as  a pivot as said
each respective adjusting plate is being moved and said pres  20 sure
receiving block is adjusted in parallelism, thereby. having. said. pressure
receiving block adjusted in gradient, a  degree of parallelism between said
upper die acid said lower die adjusted and  a compound in a cavity formed
with said molding die molded. 25 16. The precision device molding machine
according to Claim 16, 'wherein said parallelism adjustment mechanism
further comprises a shifting amount measurement mechanism, and wherein said
shifting amount measurement mechanism has a func- tion of measuring a
shifting amount of said each respective adjusting plate  30 and then making
a confirmation thereof. 17. The precision device molding machine according
to Claim 15, 9 December 2004 .34 wherein said parallelism adjustment
mechanism further comprises  an automatic control means to control a
shifting amount, and wherein said automatic control means detects a
deviation of said  pressure applying plate from a reference plane in
parallelism and determines  5 a shifting amount for said each respective
adjusting plate automatically. 18. The precision device molding machine
according to Claim 15,  wherein said operating member has a micrometer
head, and 



wherein said micrometer head comprises a first micrometer head to  10 drive
said first adjusting plate and a second micrometer head (10a) to drive
said second adjusting plate. 19. The precision device molding machine
according to Claim 15,  wherein said transmitting member comprises a second
pair of seats, a 15 third pair of seats, a second true sphere disposed
between said second pair of  seats and a third true sphere disposed between
said third pair of seats, 20 25 wherein one seat of said second pair of
seats is fixed onto said pres- sure receiving block, wherein one seat of
said third pair of seats is fixed onto said pressure  receiving block,
wherein, as said each respective -adjusting Plate is being moved, other
seats of said pairs of seats slide along said slanting surface of said each
respective adjusting plate, and wherein, as said other seats are sliding,
said pressure receiving plate  slants via said second true sphere and third
true sphere. 20. The precision device molding machine according to Claim
16,  wherein said parallelism adjustment mechanism further comprises a
bearing, and 30 wherein said pressure receiving block is supported by said
bearing. 21..A method for molding a precision device by using a molding 9
December 2004 '3 5 machine, said molding machine comprising:  (a) a
supporting plate; (b) a parallelism adjustment mechanism held by said
supporting plate,  wherein said parallelism adjustment mechanism comprises
a pressure  5 receiving member, an adjusting plate with a slanting surface,
a trans- mitting member, a fixed fulcrum and an operating member; (c) an
upper die disposed on a lower surface of said pressure receiving  plate;
(d) a pressure applying plate that is movable up and down; 10 (e) a lower
die disposed on an upper surface of said pressure applying  



plate; (f) a molding control means; and (g) a fixing member to fix said
pressure receiving member onto said sup- porting plate, 15 said molding
method comprising the steps oh (1) adjusting a gradient of a pressure
receiving member, wherein said step of adjusting a gradient of said
pressure receiv- ing member comprises a step of manipulating said operating
member,  thereby having said adjusting plate moved, and 20 wherein, as said
adjusting plate is being moved, said pressure re- ceiving member is slanted
via said transmitting member with said fixed  fulcrum acting as a pivot, a
gradient of said pressure receiving member is  adjusted and an adjustment
of parallelism between said upper die and  said lower die is made; 25 (2)
fixing said pressure receiving member onto said supporting plate  by means
of said fixing member under a condition where a gradient of said  pressure
receiving member is adjusted by said parallelism adjustment  mechanism; (3)
having said pressure applying plate lifted to make said lower die  30 and
upper die engage with each other and molding a compound in a molding  die
formed with said lower die and upper die; and (4). taking out a provisional
molded product as described by having 9 December 2004 36 said lower die
moved down. 22. The molding method according to Claim 21, further
comprising  the step of 5 (5) measuring dimensions of said provisional
molded product; (6) repeating steps of making an adjustment of gradient of
said pres- sure receiving member after making a comparison between
dimensions  measured on said provisional molded product and desired
dimensions thereof  and 10 (7) operating again said molding machine to put
out a molded product  after repeating steps of making an adjustment of
gradient of said pressure  receiving member. 



23. The molding method according to Claim 21, 15 wherein said transmitting
member is. disposed between said pressure  receiving member and said
adjusting plate, wherein said fixed fulcrum fixes securely one point of
said pressure  receiving member and said supporting plate, and wherein said
adjusting plate is moved, by said operating member is  20 manipulated in a
step of making an adjustment of gradient of said pressure receiving
member,. wherein said pressure receiving member is moved via said transmit-
ting member with said fixed fulcrum acting as a pivot, thereby a gradient
of said pressure receiving member to be adjusted  25 and parallelism
between said upper die and said lower die to be adjusted. 24. The molding
method according to Claim 21, wherein said adjusting plate has a slanting
surface with a slanting  angle, and 30 wherein said transmitting member is
moved on said slanting surface  as said adjusting plate is being moved in
said step of adjusting a gradient of  said pressure receiving member,
thereby causing said pressure receiving 9 December 2004 37 member to be
slanted. 25. The molding method according to Claim 21, wherein said
adjusting plate has a slanting surface with a slanting 5 angle, wherein
said transmitting member comprises a pair of seats and a  true sphere
disposed between said pair of seats, wherein one seat out of said pair of
seats is fixed onto said pressure  receiving member, 10 wherein, as said
adjusting plate is being moved, another seat out of  said pair bf seats
slides along said slanting surface of said adjusting plate in  said step of
adjusting a gradient of said pressure receiving member, thereby causing
said pressure receiving member to move via said true  sphere and said one
seat. 15 26. The molding method according to Claim 21, 



wherein said adjusting plate comprises two adjusting plates of a first
adjusting plate and a second adjusting plate, wherein said first adjusting
plate and second adjusting plate are lo- 20 cated apart from each other,
and wherein a distance between said first adjusting plate and said fixed
fulcrum equals to a distance between said second adjusting plate and said
fixed fulcrum. 27. The molding method according to Claim 21,  wherein said
molded product is an optical device. 28. The molding method according to
Claim 21, wherein said operating member comprises a micrometer and a screw
30 linked with said micrometer, wherein said adjusting plate has a slanting
surface with a slanting  angle, and 9 December 2004 38 wherein said screw
is rotated by having said micrometer manipulated  in said step of adjusting
a gradient of said pressure receiving member, thereby causing said
adjusting plate to move and said pressure  receiving member to be slanted
via said transmitting member. 5 29. The molding method according to Claim
21,  wherein said molded product is an optical device,  wherein said
supporting plate has an upper plate, wherein 'said pressure receiving
member has a pressure receiving 10 plate, wherein said fixed fulcrum has a
first true sphere, wherein said pressure receiving plate is fixed onto said
upper plate  via said first true sphere, wherein said adjusting plate
comprises a first adjusting plate and a  15 second adjusting plate, wherein
each respective adjusting plate of said first adjusting plate  .and second
adjusting plate has a slanting surface with a slanting angle,  wherein said
each respective adjusting .plate is located between an 



upper surface of said pressure receiving plate and-said upper plate, 20
wherein said transmitting member comprises a second true sphere.  and .a.
third true sphere, wherein said second true sphere is disposed between a
slanting sur- face of said first adjusting plate and an upper surface of
said pressure receiv ingplate,  25 wherein said third true sphere is
disposed between a slanting surface of said second adjusting plate and an
upper surface of said pressure receiving plate, wherein each respective
true sphere of said first true sphere, second  true sphere and third true
sphere is located at the apexes of a regular triangle, 30 wherein said
operating member comprises a first operating member  to move said first
adjusting plate and a second operating member to move said  second
adjusting plate, and 9 December 2004 39 wherein said step of adjusting a
gradient of said pressure receiving  member comprises the step of: moving
said respective adjusting plates in parallel with one another  when said
each respective operating member is manipulated; 5 slanting said pressure
receiving plate up and down via said each  respective true sphere with said
first true sphere acting as a pivot as said each  respective adjusting
plate is being moved; and making an adjustment of parallelism of said
pressure receiving plate. 10 30. The molding method according to Claim 21,
wherein said molded product is an optical device, wherein said supporting
plate comprises an upper plate and a side  plate, 15 wherein said pressure
receiving member has a pressure receiving  block, wherein said adjusting
plate comprises a first adjusting plate and a  second adjusting plate,
wherein said each respective adjusting plate of said first adjusting  



20 plate and second adjusting plate has a slanting surface with a gradient,
wherein said transmitting member comprises a second true sphere  and a
third true sphere, wherein said each respective adjusting plate is located
between a side  surface of said pressure receiving block and said side
plate, 25 wherein said second true sphere is disposed between a slanting
sur- face of said first adjusting plate and a side surface of said pressure
receiving  block, wherein said third true sphere is disposed between a
slanting surface  of said second adjusting plate and a side surface of said
pressure receiving  30 block, wherein said fixed fulcrum, second true
sphere and third true sphere  are located on the apexes of a regular
triangle, respectively, 9 December 2004 .40 wherein said operating member
comprises a first operating member  to move said first adjusting plate and
a second operating member to move said  second adjusting plate, and wherein
said step of adjusting a gradient of said pressure receiving  5 member
comprises the step of moving said each respective adjusting plate up and
down when said  each respective operating member is manipulated; having
said pressure receiving block slanted in a horizontal direc- tion via said
each respective true sphere with said fixed fulcrum acting as a  10 pivot
as said each respective adjusting plate is being moved; and making an
adjustment of parallelism of said pressure receiving block. 31. The molding
method according to Claim 21, 15 wherein said parallelism adjustment
mechanism further comprises a shifting amount measurement mechanism, and
wherein said step of adjusting a gradient of said pressure receiving
member comprises the step of measuring an amount of shifting of said each
respective adjusting plate and making a confirmation thereof by means of
said  20 shifting amount measurement mechanism. 32. The molding method
according to Claim 21, 



wherein said parallelism adjustment mechanism further comprises  an
automatic control means to control a shifting amount, and 25 wherein said
step of adjusting a gradient of said pressure receiving  member comprises
the step of detecting a deviation of said pressure applying  plate from a
reference plane in parallelism and determining an amount of  shifting of
said each respective adjusting plate automatically by means of said
automatic control means. 33. The molding method according to Claim 21,
wherein said transmitting member comprises a second pair of seats, a 9
December 2004 41 third pair of seats, a second true sphere disposed between
said second pair of  seats and a third true sphere disposed between said
third pair of seats, wherein one seat of said second pair of seats is fixed
onto said pres- sure receiving block, 5 wherein one seat of said third pair
of seats is fixed onto said pressure  .receiving block, and wherein said
step of adjusting a gradient said pressure receiving  member comprises the
step of making other seats of said pairs of seats slide  along said
slanting surface of said each respective adjusting plate as said each 10
respective adjusting plate is being moved and making said pressure
receiving  plate slant via said second true sphere and third true sphere as
said. other  seats are sliding. 34. The molding method according to Claim
21, 15 wherein said upper die and lower die are adjusted to an error of 1 m
minimum in parallelism therebetween. 35. The molding method accordingto
Claim 21, wherein said adjusting plate comprises two adjusting-plates of a
first  20 adjusting plate and a second adjusting plate, and wherein said
fixed fulcrum, first adjusting plate and second adjusting  plate are
located on the apexes of a regular triangle, respectively.    PRECISION
DEVICE MOLDING MACHINE  AND METHOD OF MOLDING BY USING IT 



ABSTRACT  The present invention provides a precision device molding machine
and a molding method to make it possible for an adjustment of parallelism
to be  performed with a high degree of accuracy and excellent workability.
The  precision device molding machine includes a parallelism adjustment
mecha nism held by a supporting plate, a pressure applying plate that is
movable up  and down, a lower die disposed on the upper surface of the
pressure applying  plate and an upper die disposed on the parallelism
adjustment mechanism.  The parallelism adjustment mechanism includes a
pressure receiving mem- her, an adjusting plate, a transmitting member
disposed between the pressure receiving member and the adjusting plate, a
fixed fulcrum and an operating member. By having the operating member
manipulated, the. adjusting plate  is moved, the pressure receiving member
is slanted via the transmitting  member with the fixed fulcrum acting as a
pivot and the gradient of the pres sure receiving member is adjusted,
thereby allowing the parallelism 'between  the upper die and the lower die
to be adjusted and allowing a compound in a  cavity formed with the molding
die to be molded. Preferably, the 'adjusting plate has two adjusting plates
and the respective adjusting plates are located  on the apexes of a regular
triangle and each respective adjusting plate has a  slanting surface.  9
December 2004 4.3 Key to Reference Alphanumeric Characters 1  5 2 3  4  5a,
5b & 5c  6 & 16 10 6a &.16a  6b & 16b  7. 7a 



7b  15 -8 8a  9 9a  10  20 10a 11.  11a  12a  12b 25 13a  13b  14  15  19
30 20  21  22 Pressure Applying Plate  Compound Pressure Receiving Plate,
Pressure Receiving Member  Upper Plate Fixing Bolt, Fixing Means  First
Pair of Seats Second Pair of Seats  Third Pair of Seats  First True Sphere
Second True Sphere  Third True Sphere  First Adjusting Plate  Second
Adjusting Plate  First Adjusting Screw  Second Adjusting Screw  First
Micrometer Head  



Second Micrometer Head  First Joint Second Joint  Upper Die Holder  Lower
Die Holder  Upper Die Lower Die  Supporting Member Pressure Receiving
Block, Pressure Receiving Member  Pressure Applying Block Pressure
Receiving Block  Plate Upper Shaft 44 23 Lower Shaft  27 Bearing  28
Pressing Bolt  29 Side Plate 9 December 2004 




