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United States Patent Office
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| 3,161,639
AUTOMATIC DIE CLAMPING MECHANISM
FOR POWER PRESSES | |
Robert H. Cederleaf, Tonawanda, N.Y., assignor {o
Niagara Machine & Tool Works, Bufialo, N.Y.
Filed Sept. 28, 1959, Ser. No. 842,736
¢ Claims. (Cl, 83—658)

This invention relates to means for automatically
clamping the relatively movable punch and die portions of -

10

conventional die mechanisms to the upper platens or

slides of power presses and to the bolsters or bed mem-

bers of such power presses, respectively. |

In accordance with the present invention similar clamp-
ing means are provided in association with the bed or
bolster of a press and the slide or upper platen, for S1mi-
larly clamping the stationary and movable portions of ‘a
die mechanism to the bed and to the reciprocable slide
of the press. The clamping means of the present inven-
tion may be employed in either or both of these cases.

In connection with the upper die or punch assembly,
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which is normally in association with and resting upon the

lower die when the die mechanism is introduced to the
press, the reciprocable slide of the press may be brought
down by the usual “inching” operation to the fop sur-
face of the die assembly, that is the top surface of the
punch unit or reciprocable portion of the die mechanism,
and thence quickly clamped to the punch unit for subse-
quent reciprocation of the punch unit with the slide of the

POWET Press.
While not necessarily thus employed, the clamping

mechanism of the present invention is particularly advan-

tageous when used in conjunction with power presses hav-
ing sliding bolster constructions whereby the entire die
mechanism -is placed upon a bolster while the same is
laterally offset from the press proper, being supported by
a lateral extension of the bed of the press.

After the die mechanism is thus positioned the bolster

is moved to the bed proper of the press, beneath the slide

echanism thereof, and thereupon the clamping means of
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the present invention may be utilized to great advantage

to clamp both the lower and upper portions of the die
mechanism to the bed and the slide respectively of the
power press. Such a sliding bolster arrangement 1s illus-
trated in Munschauer patent application, Serial No. 303,-
921, filed April 3,:1959, now Patent No. 2,940,384, dated
June 14, 1960. " |

A die mechanism clamping arrangement of the general
type here contemplated is illustrated and described In a
pending patent application in the name of Frank J. Hohl,
Serial No. 684,195, now Patent No. 3,027,792, dated
April 3, 1962, and the clamping 1echanism of the present
invention presents substantial improvements in such

mechanisimns. .
 The present invention provides a novel fluid pressure

piston and cylinder arrangement for motivating the clamp-
ing and unclamping operations which 1is incorporated di-
rectly and entirely within each clamp mechanism and
which is so arranged as to require a minimum of length 1n
an axial direction for accomplishing the desired resuit.
Further, the fluid motor means is double acting and thus
requires no springs or similar assist devices for operation
i either direction. Furthermore, the arrangement is such

that the movable member of the fluid motor means di-

rectly comprises @ rack member for translating the recti-
linear movement thereof to rotary movement of a clamp

operating shaft member.
The clamp mechanism of the present invention em-

bodies means for preventing unclamping movement of
the clamping members unless proper unclamping clear-
ance has first been established :and further embodies
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means to insure against unclamping movement of an upper
die member when the same is not supported from beneath,
so that dropping of an upper die member from the clamp
mechanism is effectively prevented. |
In addition to the foregoing, means are provided in con-
junction with the clamping means of the present inven-
tion which cooperate with the control systems for initiat-
ing press operating cycles and for effecting bolster shifting
operations such as are disclosed in the above identified
Munschauer patent application. Accordingly, the control
circuit for initiating working strokes of the power press
cannot be energized unless all of the clamp members are
fully closed and bolster shifting operation cannot be ef-
fected unless all of the clamp members are fully open.
A single specific embodiment of the principles of the
present invention is illustrated in the accompanying draw-
ings and described in detail in the following specification.
However, it is to be understood that such embodiment is

by way of example only and that the principles of the

present invention are not limited thereto nor otherwise
than as defined in the appended claims.
" In the drawings: |

FIG. 1 is a general elevational view of a power press
provided with one form of the punch and die clamping

meang of the present invention; |

FIG. 2 1s a fragmentary cross-sectional view on the '
line II—II of FIG. 1; o |
FIG. 3 is an elevational view of one of the clamping

“units of the present invention viewed from the front or

rear of the press, as the case may be, with a portion there-
of broken away for added illustration; | |
FIG. 4 is a central vertical cross-sectional view through
the clamping unit of FIG. 3, viewed as in side elevation;
FIG. 5 is a cross-sectional view on the line V—V of
FIG.3;and - |
FIG. 6 is a bottom plan view showing the clamping
means per se of the clamping unit of FIGS. 3, 4 and 5.
Like characters of reference denote like parts through-
out the several figures of the drawings and FIGS. 1 and
2 show a more or less conventional power press of the
straight side type. The numerals 10 and 11 designate
conventional side columns or side frame members, a bed
is indicated at 12 and a reciprocable slide at 13. The bed
12 has the usual top plate member 14 for receiving dies

“or bolster plates and slide 13 has the usual downwardly

facing platen 13. |

In the present instance the bed 12 is shown provided
with a pair of lateral extensions 17 and 18 which form
continuations of the top surface of bed plate 14 and, as
shown and described in detail in the above-identified
Munschauer patent application, a pair of bolster plates
20 and 21 are connected for joint horizontal lateral move-
ment along the bed plate 14 and extensions 17 and 18
so that either of them may be disposed in the working
position on bed plate 14, as bolster plate 21 is illustrated
in FIG. 1, the other bolster being disposed on the top
surface of extension 17 or extension 18, as the case may be.

Clamping devices constructed in accordance with the
present invention are associated with bed plate 14 and the
platen 15 of slide 13 in the present instance, there being
four clamps for each of these components and the same
being designated generally by the reference numeral 23
in FIGS. 1 and 2. |

‘The upper four clamp members 23 are secured to the

. platen 15 of slide 13 and the lower four are secured to

70

bed plate 14 of the bed 12. FIGS. 3 through 6 illustrate
in detail one of the upper clamp members 23, each of
which comprises a main casing or housing member 23
which is attached to platen 15 by a pair of screws desig-
nated 26 in FIG. 3. A shaft 27 is journaled in casing 23,
and in a cover member 24 attached thereto, for rotation
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. 3
on a veritcal axis, anti-friction bearings being provided
for mounting shaft 27 as shown at 28 and 29 in FIG. 4.
Referring to FIG. 4 and more particularly to FIG, 3,
a block 30 is mounted for horizontal siiding movement
in casing 25 and is provided with rack teeth 31 meshing
with a pinion 32 which is fixed to or formed on shaft 27.
As shown in FiG. 5, a piston member 33 1s fixed at

one end to casing 25 as at 34 and extends into a holiow .

cylindrical sleeve member 35. Sleeve 35 is provided with
a flange 36 at its left-hand end as viewed in FIG. 5 and

flange 36 is attached to the adjacent end of block 38 by

screws (not shown).

A fixed sleeve member 38 is provided with an end wall
portion 3% and a reduced right-hand end portion 4%
which is fixed to the right-hand end wall of casing 25.
The sleeve portion of sleeve member 38 telescopes over
the outer periphery of the sleeve member 35 and fits shd-
| ably within a bore in rack block 390. | |

Fixed piston 33 is provided with an axial ﬂuzd pressure
passage 42 and the end wall 39 of sleeve member 38 is
provided with a fluid pressure passage 43.

From the foregoing, it will be seen that application of
flutd pressure by way of passage 42, with the other fluid
pressure passage 43 vented, moves the assembly COmpris-
ing sleeve member 35 and rack block 3¢ to the right as
viewed in FIG. 5 to the position there illustrated. Con-
versely, application of fimd pressure through passage 43
with passage 42 vented acts against the right-hand end
wall of sleeve member 35 to move this member and the
rack block 3¢ to the left as viewed in FIG. 5. These op-
posite reciprocations impart reverse rotative movement to
shaft 27 through engagement of rack 31 with pinion 32.

The foregoing novel duplex piston and cylinder arrange-
ment provides a posmve double-acting fluid motor means
for rotating shaft 27 in opposite directions without the
~ use of springs and within a very short axial length. While
the foregoing description and most of the descriptive mat-
ter which follows relates to the single clamping unit shown

4.

| ﬂangesporﬁon: of cap member 58 is interrupted 2s indi-
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cated at 67 and 68 in FIG. 6 to permit certain relative
rotative movements of the parts, as will presently appear,
and the projection 66 of the cap member, which is in reali-

ly a separate arcuate portion of the interrupted flange
of cap member 58, is disposed generally medlaﬂy of the
mterruption in the flange,

The operation of this portion of the n

and

emamsl

the relative movements as between shaft 27 and clamp
member 51 will now be described. As prewously indi-

cated, the clamp mechanism shown in detail in FIGS. 3
through 6 is an upper clamp mechanism secured to platen
15 of the slide 13 of a power press. | |
In FIGS. 3, 4 and 6 the numeral 76 designates a mem-
ber which may comprise the actual punch holder of a
die set but in the present instance comprises an adaptor

- plate secured to the top surface of such punch holder.

Thus adaptor plates of a given uniform size to suit the

- locations of the c:lamplnﬂ devices may be used on punch
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holders of various sizes and shapes. In the present in-
stance adaptor plate 79 is recessed as at 71 to receive
the toe portions 83 of clamping members 51.

In FIGS. 3 through 6 the rack and pinion mechanism.
and the clamping member 51 are all shown in their ex-
tremes of movement in a clamping direction. The parts
are so arranged that when the clamping member reaches
the full-line position of FIGS. 4 and 6, the shaft 27
continues to rotate in a counterclockwise direction as
viewed in the bottom plan view, FIG. 6, the clamp be-
ing restrained against any further counterclockwise rota-
tion by engagement of stop 55 against the lower end of
arcuate notch 56 of casing 25, as viewed in FIG. 6.

This continued rotation of shaft 27 results in the clamp
member 351 being drawn upwardly to securely clamp
adaptor plate 78 to platen I5. This additional rotation
of shaft 27 also moves stop. 66 from a normal p051t1011
of radial alignment with pin 64 to the position shown in

- FIG. 6 wherein leg 62 of spring 68 has been moved away

in FIGS. 3 through 6, it is to be understood that a num-

ber of clamping units will operate simuitaneously by joint

application of operating fluid pressure thereto by way of

their respective fluid passages 42 and 43.

Referring particularly to FIG. 4, the lower end of shaft
27 is threaded as at 58 and a clamping member desig-
nated generally by the numeral 51 has a hub portion 52
which is internally threaded to fit the threads 5¢ of shaft
27 and has an offset toe portion 53 which performs the
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actual clamping function in a manner which Wlﬂ presently

appear.

Speaking generally, if clamping member 51 is relatwely
unimpeded it will rotate with shaft 27, whereas if certain
frictional or resilient restraints are imposed thereon, ro-
tation of shaft 27 in opposite directions will produce rela-
tive threading and unthreading movements as between the
‘threads 58 of shaft 27 and the threads of clamping mem-

a0
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ber 531 which will result in vertical axial movements of

clamp member 51, shaft 27 being restrained against verti-

cal axial movement by the anti-friction bearings 28 and 29.

Hub portion 52 of clamp member 51 is provided with

a lug or stop member 55 which rides in an arcuate pe-

ripheral groove 56 in casing 25, the length of groove 56
being such as to limit rotative movement of clamp mem-

ber 51 to a 90-degree arc. Thus the toe portion 53 of

clamp member 51 is limited to arcuate movement between

the full line clamping position of FIG. 6 and the dotted
line withdrawn position there shown.

60
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A shallow cup-shaped cap member 58 is rigidly attached

to the lower end of shaft 27 by a screw 59 and forms a

chamber for Teceiving a torsion spring 60 which is wound
around a reduced lower end portion of shaft 27. Torsion
spring 68 has opposite terminal portions 61 and 62 which.
project radially outwardly and, as shown in FIG. 6, lie

at opposite sides of a pin 64 carried by the hub portion'

70

52 of clamp member 51 and a projection 66 formed on the

mner side of the spring cap member 58, The annular

75

from stop pin 64 of the clamp member to stress the tor-
sion spring 6%,

With the parts in the fully clamped position shown in
FIG. 4 and in full lines in FIG. 6, if fluid pressure be
applied to passage. 43 to move rack block 30 to the left
as viewed 1 in FI1(G. 5 for unclamping movement, this PYO-
duces an “unscrewing” rotation of shaft 27, that is a
clockwise rotation as viewed in bottom plan in FIG. 6.
At the very beginning of this rotation the clamp member
51 will not rotate with shaft 27 because of the clamping
friction of toe portion 53 so that the clamp member 51
will begin to move downwardly, as viewed in FIG. 4.

As soon as toe portion 33 of clamping member 51 is

‘relieved of its frictional engagement against adapter plate

70, the clamp member 51 will tend to rotate with shaft

- 27 toward the unclamped position shown in dot and dash

lines in FIG. 6. The beginning of actual unclamping

‘movement under these conditions would be somewhat un-

predictable and haphazard and a more definitely defined
pattern of operation is achieved by operation of spring 60.

The energy stored in spring 69 as described above in-
sures that adequate vertical clearance will be established,
in an unclamping operation, before the clamp member
51 swings away from the full line position of FIG. 6. As
shaft 27 moves in a clockwise direction at the beginning

of an unclampmg operation, the leg 61 of spring 6§ acts

against stop pin 64 to urge the clamp member in a counter.
clockwise direction and thus restrains the clamping mem-

ber -against rotation with shaft 27 until the pin 64 and

projection &6 are in radial alignment. This establishes
the desired vertical clearance between the bottom of platen
13 and the top of toe portion 53 and clamping member
31 isnow free to swing with shaft 27 to unclamping posi-

tion unless other restraining conditions exist.

In normal operation unclamping movement of a die
set should only be performed with the slide in its bottom
dead center position or at least in a sufficiently lowered
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position so that the upper movable portion of the die
is resting downwardily
thereof. In addition to
sion spring 60 also serves (O
clamping of the punch assembly
the same is not resting down -upon or
lower die member. N |

if the punch assembly
plate 70 is not fully resting upon the underlying die mech-
anism: ~ punch assembly is resting upon oOr

the function just described, tor-

or upper die set when

so that the
“hanging from” the toe portions 53. of the clamp mem-
wers at the time that the unclamping movement of the
clamp members is initiated, the clamp members might

upon the lower stationary portion
prevent inadvertent un-.

supported by the

3,101,639

which is suspended from *ada-ptoar-. |
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move out from under adaptor plate 70 and permit the

punch assembly to drop down against the stationary por-
tion of the die mechanism. |
The operation of torsion spring
eventuality. -
At this point in the

unclamping operation described
above: when projection 66 has moved into radial align-
ment with stop pin 64, if the adaptor 78 and the suspended
punch mechanism is still Testing upon the toe portions
23 of the clamp members 51, the clamp members Will

«till be frictionally held against unclamping movement
even though normally adequate vertical clearance has
heen established. In such case continued positive clock-
wise rotation of shaft 27 will move projection 66 against
the other leg 61 of torsion spring 6@ and move such leg
qa a clockwise direction until the shaft 27 reaches its
extreme limit of clockwise rotation. .
1n this phase of rotation of the shaft 27, and under
the stated conditions, leg 62 of torsion spring 60 will have
engaged mgainst the underside of pin 64 as viewed in
FIG. 6, and will be arrested thereby, so that the torsion
spring will again be wound in a direction to exert a
clockwise force against clamp
resistance offered by the f otion of the adaptor plate
-esting on toe portion 53 of clamp member 51. Thus the
- adaptor plate and associated punch mechanism will :con-

+inue to be supported even. though the several shafts 27

have completed their unclamping movement.

If now the slide of the press is lowered to rest the
punch ‘mechanism On the lower portion of
‘thus remove the frictional engagement between adaptor
70 and the toe portions 53 of clamp members 51, the
force of the torsion springs 60 acting through their leg
members 62 against pins 64 will rotate the clamp meml-
bers 51 the full 90 degrees which the shafts 27 will have
moved beyond the clamp members. At this point the
projections 66 and pins 64 will again be in registry, and
the stop lugs 55 will be against the top ends of the arcuate
aotches 56, as viewed in FIG. 6. | | |

Clamp mechanisms -onstructed in accordance with the

present invention further provide an arran sement which
insures proper conditions Of all of the clamp unifs pre-
liminary to operation of the press to execuie working
cycles and also preliminary to operation of the sliding
bolster mechanism which 1s employed 1n introducing dies
to the working area of the press and removing them there-
from. - S |

- Specifically,
that the electrical
power press 1o execute working strokes, as by engaging
the clutch or by other means, cannot be operated unless
a1l of the clamps are 1n a
ondly, the electrical circuit which initiates bolster shifting
operations for moving dies to and from the working area

the clamping mechanisms are SO arranged

60 guards against this

circuit which imitiates operation of the

fully closed position and, sec- -,
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in series with the electrical
bolster shifting means or initiates the operation thereof.

" When the clamp member
tion between its fully clamped and fully unclamped posi-
tions, the lower portion of

press or other circuit for initiating press operation, and
the microswitch 76 of each of the clamp mechanisms is
circuit which operates the

A rod 77 is mounted for vertical sliding movement in
casing 25 and carries a laterally projecting plate member
78 which lies between the operating buttons of the micro-
switches 75 and 76. At its lower end rod 77 bears against

'a rocker member 8 which is pivoted to casing 25 adja-

cent to the upper peripheral portion of hub 52 of clamp
member 51. This peripheral portion of hub 52 of clamp

member 51 is provided with a lobe or projection 82 and
at 90 degrees therefrom, with a depression 83." o
Lobe 82 registers with rocker member 8% when the
clamp member is in clamping position, as shown in FIG.
{ines in FIG. 6, and in this position Tocker

3 and in full
member 80 holds rod 77 in a raised position wherein

the plate member 78 of rod 77 is i engagement with the

operating button of microswitch 75, so that the circuit -
for initiating working strokes of ‘the power press can be
operated. R
is in an intermediate posi-

rocker member 8§ bears

against the periphery of hub 52 and plate member 78

of rod 77 is 1 an intermediate position wherein hoth

microswitches 75 and 76 are open.
~ When clamp member 51 reaches a fully unclamped

~ position the depression 83 of hub 52 of clamping member

30

35
member 51 against the

40

the die, and .

45
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60

~ spaced therefrom at

65

of the press cannot be energized uniess all of the clamps

are in a fully released position.
" Referring to FIG. 3, a pair of
switches 75 and 76 are mounted
casing 25 in such position that their operating buttons
are in facing relationship. The microswitch 75 of each

normally open micro-

of the several clamp mechanisms is in series with the

energizing circuit for engaging the clutch of the powWer

70

one above the other in

75

closed end, the outer sleeve portion being

'ér&ting _shaft journaled

51 registers with the lower portion of rocker member &&

whereupon rod 77 is moved to its lowermost position
under the impetus of a coil spring 86 which acts against
the top of plate member 78, thus depressing the operat-
ing button of microswitch 76 to render the bolster sliding -

mechanism control circuit operable for bolster shifting
- operations. - .

Iclaim: R S
1. Die clamping means comprising a casing, an operat-
ing shaft journaled therein, and a clamp member asso-
ciated with said operating shaft, a rack member guided
for reciprocating movement in said casing and a meshing

pinion fixed to said operating shaft, said rack member

comprising a pair of coaxial, radially spaced sleeve por-
tions, the inner sleeve portion being open at one end and
closed at the other to form fluid chambers at oppostie
<ides of said closed end, the outer sleeve portion being
fixed to the inner sleeve at the open end of the latter and
radially spaced therefrom at the other end to form an
annular space, a piston fxed to one end of the casing and
projecting into the open end of the inner sleeve portion
and an annular piston fixed to the other end of the casing
and projecting 1nto said annular space, said pistons having
fluid passages therethrough for selectively supplying op-
erating fluid pressure to said fluid chambers to reciprocate
said rack member in opposite directions.

- 2. Die clamping means comprising a casing and a
clamp operating member guided for reciprocating move-
ment therein, said operating member comprising a pair
of coaxial, radially spaced sleeve portions, the inner
sleeve portion being open at one end and closed at the
other to form fluid chambers at opposite sides of said
fixed to the
inner sleeve at the open end of the latter and radially
the other end to form an annular
space, a piston fixed to one end of the casing and pro-
jecting into the open end o1 the inner sleeve portion and
an annular piston fixed to the other end of the casing and
projecting 1nto said annular space, said pistons having
fluid passages therethrough for selectively supplying op-

erating fluid pressure to said fuid chambers to reciprocate

said operating member in opposite directions.
3. Die ciamping means comprising a casing, an Op-
therein, and a clamp member

associated with said operating shaft, a rack member guid-

ed for reciprocating movement in said casing and a mesh-
ing pinion fixed to said operating shaft, said rack member
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comprising a pair of coaxial, radially spaced sleeve por-
tions, the inner sleeve portion being open -at one end al_:ld
closed at the other to form fluid chambers at opposite

sides of said closed end, the outer sleeve portion being
fixed to the inner sleeve at the open end of the latter
-and radially spaced therefrom at the other end to form

3,101,839
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an annular space, said two chambers bfeing_substanltially_ .

coextensive in an-axial direction, a piston fixed to one

end of the casing and projecting into the open end of
the inner sleeve portion and an annular piston fixed to
the other end of the casing and projecting into said an-
nular space, said pistons having fiuid passages there-

through. for selectively supplying operating fluid pres- -
sure to said fluid chambers to reciprocate said rack mem-

ber in opposite directions.

4. Die clamping means comprising a casing and a
clamp operating member guided for Teciprocating move-

10 Tac
- being

15

rmient therein, said operating member COmprising a pair

of coaxial, radially spaced sleeve portions, the inner
sieeve portion being open at one end and closed at the

~other to form fluid chambers at opposite sides of said
- closed end, the outer sleeve portion being fixed to the

inner sleeve at the open end of the

space, said two chambers being substantially coextensive

In an axial direction, a piston fixed 0 one end of the

. latter and radially
spaced therefrom at ithe cther end to form an annular -
25

casing and projecting into the open end of the inner
sleeve portion and an annular piston fixed to the other

end of the casing and projecting into said annular
said pistons having fluid passages
lectively supplying operating fluid

Space
therethrough for se-
pressure to said fluid

chambers to reciprocate said operating member in op- .

posite directions.

30

>. Die clamping means comprising a casing, a rotatable

clamp member and a reciprocable

radially spaced sleeve
being open at one end
- fluid chambers at opposite sides of said closed end, the
-outer sleeve portion being fixed to the mnner slesve at
- the open end of the latter and radially spaced therefrom
at the other end to form an |

carried by one end of the casing and projecting into the

clamp operating mem-
ber wuided for reciprocating movement in said casing,
said operating member comprising a pair of coaxial,
portions, the inner sleeve portion
and closed at the other to form

annular space, a fixed piston

30
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~said operating member comprising  a pair

- outer sleeve portion Geing
- the open end of the

chambers being substantially ¢
- and projecting into the

- portion” and a fixed sleeve piston carried by the other
20

O

open end of the inner sleeve portion and a fixed sleeve
piston carried by the other end of the casing and pro-
jecting into said annular space, said pistons baving fluid
passages therethrough for selectively supplying operating

- Huid pressare to said fluid chambers. |

6. Die clamping means comprising a casing, a rotatable
clamp member and a reciprocable clamp operating mem-
ber guided for reciprocating. movement in said casing,
ner of coaxial,
sleeve portions, the inner sleeve portion
open at one end and closed at the other to form
finid chambers at opposite sides of said closed end, the

' fixed to the inner sleeve at
latter and radijaily spaced there-
from at the other end to form an annular space, said two
extensive in an axial di-
rection, a fixed piston carried by one end of the casing
open end of the inner sleeve

radially spaced

end of the casing and projecting into said annular space,
said pistons having fluid passages therethrough for se-
lectively supplying operating fluid pressure to said flpid

- ¢hambers.
- References Cited in the file of this patent
| - UNITED STATES PATENTS
- 979,441 - Crawford smmmmm e Dec. 27, 1910
296,140 Reynolds —.____._.__ . __ Tune 27, 1911
1,237,491  Bxstrom —_—_________ Aug. 21, 1917
1,441,097  Laughlin _____________ Jan. 2, 1923
1,941,966 Altvater ____________ Jan. 2, 1934
2,009,660 Irmis . _.__ . ____ July 30, 1935
2,098,936 - Armstrongetal. ______ Nov. 16, 1937
2,202,125 Temple e May 28, 1940
2,224,708 SIert i _____ Dec. 10, 1940
2,404,639 Lane ._________ e Tuly 23, 1946
2,532,046 Walter _________ e - Nov. 28, 1950
2,610,684 = Bagdigian —~~=m—eee—lo_ Sept. 16, 1952
2,621,634 Carey —___._______ Dec. 16, 1952
12,626,527 Meyers mmmmmmmemee—_ Jan. 27, 1953
2,681,581 - Pearson .______________ June 22, 1954
2,980,432 Benson ____.__________ Apr. 18, 1961
3,027,792 Mol _..____________ "5 Apr. 3, 1962




	Drawings
	Front Page
	Specification
	Claims

