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ABSTRACT OF THE DISCLOSURE

A clamping device having a fixed and a movable jaw,
the movable jaw being actuated and moved by a rotatable
spindle, the spindle being Connected to a handcrank and
being driven through an overload release clutch. The mov-
able jaw is moved into engagement with the workpiece by
‘simultaneous rotation of the handcrank and the spindle.
Upon engagement of the workpiece by the movable jaw,
the overload clutch releases whereby further rotation of
the handcrank causes a pushrod coaxially mounted within
the spindle to axially extend. The pushrod has a pressure
member mounted on the end thereof, which member co-
acts with a pair of toggle mechanisms so as to exert a
high clamping pressure onto the movable jaw. Each toggle
mechanism comprises a pair of links and three cylindrical
pressure rollers, each of the links being provided with
partial cylindrical recesses on opposite ends thereof for
receiving the pressure members therein. The links and
the rollers have a large axial length whereby large bear-
ing areas are provided between the respective members
of the toggle mechanism to permit transfer therethrough
of large clamping pressures. The toggle mechanisms_are
mounted within a U-shaped frame member comprising
the movable jaw whereby the jaw member can withstand
the large clamping pressures applied thereto. ’

+ This invention relates to a clamping device for achiev-
ing high clamping pressures. More particularly, the pres-
ent invention relates to.a clamping device which is adapted
to chuck workpieces and which can be used.as a machine
vise. ; Co .
More specifically, the present invention relates to a
clamping device wherein two . opposite pairs of toggle
means are arranged between an abutment and a slide
which carries the clamping jaw, while a movable pressure
element for forcing the two pairs of toggle means apart
and hence for stretching said pairs is provided between
said pairs.

“In a known device of the aforesaid type the pairs .of
toggle means consist of laminar members, while all toggle
links are formed.in a usual manner by hinge bolts ex-
tending. through said laminar members. Since only rela-
tively small pressures can be achieved- by toggle means
of this type, this known structure is unsuited for machine
vises wherein clamping pressures of at least 4 tons must
be achieved. Besides, said. previously known toggle means
are subject to considerable wear. ‘ C

The problem underlying the present invention is to pro-
vide' a clamping device provided with pairs of toggle
means by which it is possible to achieve very high.clamp-
ing pressures and which are virtually not subject to wear.
Furthermore, the toggle lever system shall have a simple
structure and it shall be easy to manufacture; in particu-
lar, it shall be of small dimension so as to occupy a mini-
mum:of space.in a machine vise or the like.

This problem is solved substantially in that each pair
of toggle means embodying the present invention con-
sists of three press rollers and two support levers which
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are positioned between said rollérs and which are sup-
ported on said rollers by partial cylindrical bearing sur-
faces of said levers. Furthermore, substantially semi-
cylindrical recesses which receive said two rollers are pro-
vided in said slide and in said abutment. Since these ele-
ments of the pairs of toggle means are very compact and
sturdy and since they have very large pressure surfaces,
it is possible to achieve very high clamping pressures by
such pairs of toggle means. All compornents of these pairs
of toggle means as well as the pressure element are made
advantageously of hardened steel so that—also in view of
the presence of large pressure surfaces—any wear is prac-
tically out of thé question.

The pairs of toggle means in this novel structure can
be disposed in as‘$mall spaces as possible and they ¢an be
advantagecusly mounted for free displdcement between
two horizontal parallel bearing plates which are integral
with said abutment and which together forma U-profile
piece.

Further details and advantages of the clamping device
embodying the present invention will become apparent
from the following detailed description of an exemplary
embodiment in connection with the appended drawings
in which:

FIG. 1 is a side elevation of a machine vise;

FIG. 2 is the corresponding top plan view partially in
section taken along line II—II of FIG. 1;

FIG. 3 is a diagrammatic illustration of the slide of
said screw vise including the toggle lever system with parts
broken away;

FIG. 4 is an enlarged section of one component of the
system of FIG. 2.

Referring now to the drawings, 1 represents the sub-
structure of a machine vise, 2 represents the immovable
clamping jaw, and 3 represents the movable clamping
jaw secured to a slide 4. To the substructure 1 is con-
nected a spindle nut 5§ which is secured to the structure 1
by means of a bolt 6 inserted therethrough and which
can be arranged in different positions on the substructure
1 in order to achieve different stretch widths a. A hollow
quick acting spindle 7 which can be rotated by a crank
handle 8 and which is connected to an abutment 9 is
screwable in said spindle nut 5. As is described herein-
after, said crank handle 8 is designed so that not only
the slide 4 carrying the jaw 3 can be moved by way of
the quick acting spindle 7 in the clamping direction A
toward the workpiece, but also the desired high clamping
pressure can be achieved by way of two pairs of toggle
means by displacing a push rod 10 in the direction A
when said crank handle 8 is further rotated. As shown in
the drawing and more particularly in FIG. 3, each pair
of toggle means comprises three cylindrical press rollers

11, 12 and 13 and two support levers 15, 16 which are

positioned between said rollers and which are supported
on said rollers by partial cylindrical bearing surfaces 14
on said levers. The roller 12 constitutes an intermediate
cylindrical roller member of the toggle linkage, while
the other two rollers 11 and 13 constitute end partial
cylindrical bearing members. Substantially semi-cylindri-
cal recesses which receive the rollers 11 and 13 are pro-
vided in said slide 4 and in said abutment 9.

As is apparent from the drawings, the support levers
have a thickness s which is approximately equal to the
diameter d of the press rollers. .

In this manner, between the rollers 11-13 and the sup-
port levers 15, 16 are formed relatively large, nearly
semi-cylindrical pressure surfaces 14 extending over the
width A, This permits the achievement of very high press-
ing forces by the pairs of toggle means, between which
there is arranged a pressure element 18 which is secured
to the offset end 10q of the push.rod 10 by means of a
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pin 19, All members 11-13, 15, 16 of the pairs of toggle
linkages as well as the pressure member 18 are advan-
tageously made of hardened steel in a distortionless man-
ner due to the simple, compact structure of these mem-
bers. Only a sliding friction occurs between the aforesaid
hardened members when the pairs of toggle linkages are
forced apart by moving the pressure element 18 in the
direction A, the hardened rollers 11 and 13 being pressed
into the softer material of slide 4 and abutment 9 so that
said rollers 11 and 13 are securely held and cannot rotate.
As is apparent from the drawing, the clearance existing
between the push rod 10 and the bore 20 of the hollow
spindle 7 as well as the bore 21 of the abutment 9, re-
spectively, permits free motion of the pressure element
18 inclusive of the push rod 10 relative to the abutment 9
transversely of the longitudinal direction of the push rod
10—that is to say, in the direction B. This arrangement
has the advantage that the pairs of toggle linkages are
always in uniform engagement with the pressure element
and that, respectively, the pressure element can freely
adjust itself when said element is displaced in the direction
A so that invariably equally great forces are created be-
tween said element and the two pairs of toggle linkages.
Thus, due to the fact that said pressure element is mounted
for free movement in the direction B, it is possible to
avoid any one-sided, unequal forces which would other-
wise come into being due to unavoidable dissimilar manu-
facture and arrangement of both pairs of toggle linkages
if said pressure element is immovably mounted.

It will be apparent that said pressure element 18 can
either act indirectly upon the pairs of toggle linkages or,
advantageously, directly upon the press rollers 12. Said
pressure element 18 has convex pressure surfaces 18a
which are suitably cylindrically shaped. Due to said con-
vex cylindrical pressure surfaces cooperating with the

. rollers 12, it is possible to achieve the force required for
displacing the pressure element 18 when the latter is dis-
placed in the direction A—and hence also the torque to
be exerted by the crank handle 8—which force remains
nearly unchanged despite the increasing toggle lever
pressure, .

Furthermore, as is apparent from the drawing and in
particular from FIG. 3, the press rollers 11-13, the sup-
port levers 15, 16 and the pressure element 18 have the
same height 4, and all of these elements are mounted for
free movement between two parallel, horizontal bearing
plates 22 and 23. These two bearing plates 22 and 23 are
advantageously formed integral with the abutment 9 and
together form a U-profile piece. Thus, the legs of this
U-profile piece constitute the two bearing plates 22, 23
for the pairs of toggle linkages and the pressure element
18, while the web or ridge of this U-profile piece consti-
tutes the abutment 9. This abutment is subjected to con-
siderable bending stress due to the very high pressure
forces exerted by the pairs of toggle linkages. Yet deflec-
tion or bending of said abutment 9 is prevented by the
long legs 22, 23 of said U-profile piece.

As is apparent from FIGS. 2 and 3, in the slide 4 is
arranged a stop 24 which is rotatable about a vertical axis
and which has two (or more) vertical stop faces at 25
for the push rod end 10a. In the drawing, the clamping
device and in particular the toggle linkage system is rep-
resented in the released or expanded condition where a
spacing b exists between the end 10a and the set stop
face 25 so that the push rod 10 can omnly be moved a
distance b in the direction A. Accordingly, the stop faces
25, 26 permit selection of different clamping pressures.
As is shown in FIG. 3, the upper side of slide 4 includes
an indicating scale 27 for adjusting the clamping pressure,
said scale being concentrically disposed relative to the ro-
tatable stop 24. As is apparent from FIG. 2, a detent
device (ball catch 28, compression spring 29) for arrest-
ing the stop 24 in various stop positions is provided be-
tween the slide 4 and the rotatable stop 24.

As is apparent from FIGS. 3 and 1, the U-profile piece
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4
9, 22, 23 with its upper side 36 and the two side surfaces
31, 32 is mounted in the slide 4, and with its underside
33 it is mounted on the upper side 34 of the substructure
1, for longitudinal displacement and guidance in the di-
rection A. :

FIG. 2 shows stops 35 for the abutment 9, which ate
for limiting the displacement of said abutment in the slide
4 in the clamping direction A. Furthermore, compression
springs 36 are arranged between said stops and the abut-
ment. In the embodiment shown, these springs 36 which
are formed as cup or disk springs are arranged on bolts
37 which are located in the abutment 9 and engage with
the stops 35. The cup springs 36 are effective to constantly
urge the abutment 9 in the direction A, in consequence of
which the pairs of toggle linkages subjected to this pres-
sure remain movable for free play and are constantly
pressed with the rollers 12 against the pressure element 18.

It will be apparent from the drawings that the quick
acting spindle 7 is rotatably mcunted at 38 with one end
thereof on the abutment 9. In this spindle is arranged a
compression spring 39 which has one end thereof bearing
against the spindle at 40, and has the other end thereof
bearing against the push rod 10 at 41. Under the force
of this spring, the spindle end 38 is pressed against one
side of the abutment 9, while the transverse face 42 of
the pressure element 18 is pressed against the other side
of the abutment 9.

For the drive of the above described clamping device
a driving spindle 43 is provided which is rotatable by the
crank handle 8 and the end 43a of which is rotatably
mounted on the push rod 10. This driving spindle 43 is
screwable in a nut 44 which is securely connected to the
hollow spindle 7 by means of, e.g., pins 45. A torque
coupling or clutch is provided between the nut 44 and the
driving spindle 43. By way of example, the torque cou-
pling can consist of a coupling member 46 which is slid-
able on but rotatable with the spindle end 43a and which
has wedge-like ribs 48 which engage in corresponding
depressions in the nut 44 under the pressure of the cup
springs 47.

The driving spindle 43 can be securely connected to a
sleeve 49 rotatably mounted on the hollow spindle 7 so
that the driving spindle 43 can be rotated not only by the
crank handle 8 but also manually by means of the
sleeve 49. :

In order to ensure an unconstrained transmission of
the pressure forces exerted by the driving spindle 43 in
the direction A to the push rod 10, the end 43a of the
driving spindle is advantageously supported by means
of a bearing ball 50 and an axial ball bearing 51 on the
end 52 of tht push rod 19, while also a bearing plate 53
is interposed between the ball 50 and the bearing 51.

The mode of operation of this drive is as follows:

Upon rotation of the crank handle 8, the nut 44 and
hence the hollow spindle 7 are rotated by the driving
spindle -43 via.the coupling 46-48. Due to the threaded
connection between the spindle 7 and the fixed nut 5,
the hollow spindle 7, the abutment 9, the pairs of toggle
linkages and the slide 4 (in the condition of the individ-
ual members as shown in FIG. 2) are moved in the direc-
tion A whereby the jaw 3 comes into engagement with
the workpiece. In this position, spindle 7 is restrained
from further axial movement. Thus, upon further rotation
of the crank handle 8, the coupling member 46 will be
released whereby the spindle 43 will be moved in the
direction A relative to the nut 44. As a result, the push
rod 16 will be moved in the direction A so that the pairs
15, 16 of toggle levers will be forced apart by the
pressure element 18 causing a small displacement of the
slide 4 in the direction A so that the clamping pressure
will be considerably increased.

A reversal of this order of succession of these move-
ment steps will take place when the crank handle 8 is
turned backwardly, in consequence of which the moved
members will be returned. into the- represented starting
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or initial position under the pressure of the springs 36
and 39.

The present invention is not. limited to the illustrative
embodiment of a machine vise as is described and rep-
resented herein but is applicable to clamping devices of
all types. ‘

What is claimed and desired to be secured by Letters
Patent is: o .

1. A clamping device for exerting high clamping pres-
sures on a workpiece, said device comprising:

a pair of clamping members adapted to receive a work-
piece. therebetween, and frame means mounting said
pair of clamping members for relative movement
therebetween; ‘

drive means connected to one of said clamping mem-

.- bers for movement relative to the other said clamp-
ing member, said drive members comprising an abut-
ment member and a slide, toggle means interconnect-
ing said abutment member and said slide for caus-
ing said relative movement, said slide being fixedly
connected to said ome clamping member;

. said toggle means comprising a pair of toggle mecha-
nisms, each of which comprises a pair of links hav-
ing partial cylindrical recesses in each end thereof,
a first partial cylindrical bearing member being re-
ceived in the recess in one end of one of said
links and being connected to said abutment member,
a second partial cylindrical bearing member being re-
ceived in the recess in one end of the other of said
links and further being connected to said slide, a sub-
stantially cylindrical roller member being received
in the recesses at the other ends of said pair of links,
said pair of links and said first and second partial
cylindrical bearing members and said cylindrical roll-

. er member all being of substantially the same width;

said drive means further including a movable pressure
element having convex pressure surfaces thereon,
said pressure surfaces being adapted to contact and
actuate each of said toggle mechanisms;

a pair of parallel bearing plates connected to said abut-
ment member, said plates being positioned closely
adjacent to and on opposite. sides of said toggle
mechanisms;

whereby said toggle mechanisms are mounted for free
displacement between .said parallel bearing plates
and are capable of transmitting large clamping forces
therethrough.

2. A clamping device according to claim 1, wherein
said abutment member has an opening therethrough, and
said drive means further includes a pushrod extending
through said opening and having said pressure element
fixedly connected to the end thereof, means mounting said
pushrod for free movement relative to said abutment
member in a direction substantially transverse to the lon-
gitudinal axis of said pushrod. ‘

3. A clamping device according to claim. 1, wherein
said parallel bearing plates are integrally connected to
said abutment member so as to form a generally U-shaped
member.

4. A clamping device according to claim 3, wherein
one of said bearing plates is mounted in slideable engage-
ment with said slide and the other bearing plate is mount-
ed in slideable engagement with said frame means, said
U-shaped member being movable relative to said frame
means and said slide in the same longitudinal direction as
said slide. ' _

5. A clamping device according to claim 1, wherein a
rotatable stop means is mounted on said slide for permit-
ting adjustment of the clamping pressure, said stop means
having a plurality of stop faces thereon, one of said faces
being adapted to coact with said pressure member for
limiting the movement thereof. ‘

6. A clamping device according to claim 5, wherein
spring detent means are positioned between said slide and
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said stop means for releasably holding said stop means
in a selected position.
7. A clamping device according to claim 6, wherein a
scale is provided on the upper side of said slide in con-
centric relationship to said rotatable stop means for pro-
viding a visual indication of the selected clamping pres-
sure. ‘
8. A clamping device according to claim 1, wherein a
nut is fixedly connected to said frame means, and said
drive means further includes a hollow spindle threadedly
received .in said nut and having a pushrod positioned
within said spindle, said abutment member having an
opening therein, said pushrod having an end thereof ex-
tending through said opening and having said pressure ele-
ment fixedly secured thereto, spring means coacting be-
tween said spindle and said pushrod for urging one end
of said spindle into engagement with one side of said
abutment member, said one end of said spindle being
rotatably mounted on said abutment member, said spring
means also urging said pushrod and the pressure element
mounted thereon against the other side of said abutment
member. .
9. A clamping device according to claim 8, wherein
said drive means further includes rotatable crank means
having a driving spindle fixedly secured thereto, said
driving spindle having an end thereof aligned with and
rotatably supported on the pushrod, a coupling member
securely connected to said hollow spindle, and releasable
clutch means interconnecting said driving spindle and
said coupling member.
10. A clamping device according to claim 9, wherein
said driving spindle is threadedly connected to said cou-
pling member and is supported on the pushrod by means
of antifriction bearings.
11. A clamping device according to claim 1, wherein
said first and second partial cylindrical bearing members
are each cylindrical roller members and said abutment
member and said slide are each provided with partial
cylindrical recesses therein for receiving said cylindrical
roller members.
12. A clamping device for applying a clamping force
to a workpiece, said device comprising:
frame means having a stationary clamp jaw fixedly se-
cured thereto; )

slide means mounted on said frame means for linear
movement relative thereto, said slide means includ-
ing a clamp jaw fixedly secured thereto and mov-
able toward and away from said fixed clamp jaw;

abutment means mounted on said frame means for
slideable linear movement with respect to said frame
means and said slide means, said abutment means
being movable in a direction substantially parallel
to said slide means; )

toggle means comprising a pair of toggle mechanisms

connecting said slide means and said abutment
means, actuation of said toggle mechanisms causing
relative movement between said slide means and said
abutment means;

rotatable driven means connected to said abutment

means for causing linear movement thereof;

crank means for actuating said rotatable driven means

whereby said abutment means and said slide means
are simultaneously moved relative to said frame
means;

teleasable clutch means drivingly connecting said crank

means and said rotatable driven means, said clutch
means automatically releasing upon application there-
to of a predetermined torsional resistance;

reciprocal driven means operatively connected to said

crank means and driveable thereby when said clutch
means is released, said reciprocal driven means be-

: iqg adapted to engage and actuate said toggle mecha-

nism;

whereby actuation of said crank means causes said

abutment means and said slide means to move rela-
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tive to said fixed jaw until said movable jaw contacts
the workpiece causing said clutch means to release,
said crank means then linearly moving said recipro-
cal driven means. to actuate said toggle mechanism
- for causing the application of a large clamping pres-
sure to the workpiece by moving the movable jaw
relative to the abutment means.

13. A clamping device according to claim 12, wherein
said rotatable driven means includes a hollow spindle and
said reciprocal driven means includes a pushrod freely
mounted within said hollow spindle, a pressure element
being mounted on one end of said pushrod and being
adapted to engage said pair of toggle mechanisms.

14. The clamping device according to claim 12, where-
in said rotatable driven means includes a hollow spindle
having a portion thereof threadedly received in said frame
means with one end of said spindle bearing against and
being rotatably supported on said abutment means, and
resilient means urging said hollow spindle into engage-
ment with said abutment means.

10

8

15. The clamping device according to claim-14, where-.
in said reciprocal driven means includes a pushrod posi-
tioned within said spindle, one end of said pushrod ex-
tending beyond said spindle and having a pressure mem-
ber connected thereto for engaging said pair of toggle
mechanisms, the other end of said pushrod being in bear-.
ing engagement with. said crank:means, and spring means
for urging said other end of said pushrod into bearlng
engagement with said crank means. . . oo
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