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[57] ABSTRACT

A collet-operating mechanism utilizes an array of
wedge members for the transmission of closing force to
the pressure collar. The wedge members are uniquely
configured to optimally cooperate with a convexly
arcuate bearing surface on the supporting sleeve mem-
ber, to effect closure with greater facility and to pro-
duce an increased level of force amplification. In addi-
tion, the wedge members are of such form as to make
feasible manufacture by conventional machining opera-
tions.

10 Claims, 5 Drawing Sheets
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1
MECHANISM FOR CLOSING A COLLET

BACKGROUND OF THE INVENTION

The collet used to secure the work in an automatic
bar machine, screw machine, or the like, is normally
closed by shifting an outer spindle over an enlarged
forward end portion of the collet. The means for shift-
ing the outer spindle is generally referred to as the “col-
let closing mechanism,” and for many years the most
widely used mechanisms of this sort comprised an ar-
rangement of chuck levers mounted in a chuck lever
fulerum. So-called “ball-chucker” systems have also
been provided in which a circular array of ball bearings,
held within a cage behind a slidably mounted thrust
collar, are forced by an outer, slidably mounted sleeve
into a circumferential channel defined behind the collar,
so as to shift it forwardly.

More recently, a highly effective and durable collet
closing mechanism has been provided in which a circu-
lar array of wedges provide force-transmitting ele-
ments. Such a mechanism, and improvements thereto,
are described and claimed in Nowak U.S. Pat. No.
4,418,925, issued Dec. 6, 1983, No. 4,509,765, issued
Apr. 9, 1985, and No. 4,995,625, issued Feb. 26, 1991,
Despite the attributes of the Nowak mechanism, it
would of course be beneficial to realize further im-
provements in effectiveness, operation, and cost and
facility of manufacture.

SUMMARY OF THE DISCLOSURE

Accordingly, it is the broad object of the present
invention to provide a novel wedge-operated mecha-
nism for closing a collet, in which force transmission,
ease of operation, and economy of manufacture may all
be increased.

A more specific object of the invention is to provide
such a mechanism in which the coacting, force-generat-
ing elements are so configured as to afford the improve-
ments sought.

1t has now been found that the foregoing and related
objects of the present invention are readily attained in a
collet-operating mechanism comprising: a supporting,
inner sleeve member adapted for mounting upon a ma-
chine spindle; a flange portion extending circumferen-
tially about the sleeve member; a collet closing member
slidably mounted on the sleeve member;. a multiplicity
of substantially identical wedge members; and an outer,
operating sleeve member slidably mounted on the sup-
porting sleeve member. The flange portion on the sup-
porting sleeve member is fixed against axial movement,
in at least the rearward direction, and it has a bearing
surface on its oppositely directed, forward face which is
of convexly arcuate cross section, taken in axial planes
(i.e, in planes in which the longitudinal axis of the
sleeve member extends). The collet closing member has
a generally annular bearing surface disposed in con-
fronting relationship with the flange portion bearing
surface, to cooperatively define therewith an inwardly
tapered circumferential channel. The wedge members
are disposed in a circular array about the sleeve mem-
ber, for radial movement Within the channel, and they
conform generally thereto in cross-sectional configura-
tion. Bearing surfaces on the forward and rearward
faces of each of the wedge members are rectilinear and
inwardly convergent, as taken in the axial planes de-
fined; the bearing surface on the outward face is con-
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2

vexly arcuate along substantially the entire length of the
face.

The operating sleeve member of the mechanism has a
sidewall portion that extends over the outward faces of
the wedge members, and defines a compound, circular
recess therewithin which is comprised of a relatively
large-radius forward section, a relatively small-radius
rearward section, and a transition section therebetween.
The operating sleeve is slidable between a rearward,
open position, in which the forward section of its com-
pound recess is disposed over the circumferential chan-
nel, and a forward, closed position in which the rear-
ward section of the recess is so disposed. In open posi-
tion, the relatively large radial dimension of the forward
section of the operating sleeve recess permits the wedge
members to assume radially outward positions within
the channel. In closed position, the relatively small
dimension of the rearward section forces the wedge
members inwardly, causing them to increase the separa-
tion between the bearing surfaces of the flange portion
and the collet-closing member, thereby shifting the
latter forwardly and ultimately effecting closure of an
operatively connected collet.

In the preferred embodiments of the invention, the
bearing surface on the forward face of each wedge
member will be disposed in a plane to which the longi-
tudinal axis of the supporting sleeve member is normal,
and will converge with that on the rearward face at an
angle of 10° to 15°. The bearing surfaces on the forward
and rearward faces will advantageously constitute radi-
ally outward and radially inward portions thereof, re-
spectively, with the inward portion of the forward face
desirably being convexly arcuate to provide a relieved
inner edge. The forward face will preferably extend
outwardly beyond the rearward face, taken in a radial
sense and as viewed with the wedge members in their
most inward positions (i.e., with the operating sleeve in
its closed position). The wedge members will generally
be symmetric about a medial, longitudinally extending
radial plane, and will most desirably be integrally
formed from a single piece of metal. The bearing sur-
face on the rearward face will usually have a slight
concavity, taken in planes to which the radial plane is
perpendicular, so as to maximize the area of contact
with the bearing surface on the sleeve member flange
portion; the flatness of the forward bearing surfaces on
the wedge members similarly maximizes the area of
contact with the collet-closing member.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a fragmentary elevational view showing the
mechanism of the invention installed in a machine and
operatively connected to a collet;

FIG. 2 is a sectional view showing a prior art collet-
operating mechanism into which the features embody-
ing the invention may be substituted, the mechanism
being mounted upon a rotatable machine part and in
condition for permitting the operatively connected col-
let to assume an open position; )

FIG. 3 is a view comparable to FIG. 2, showing the
mechanism in condition for closing the collet;

FIG. 4 is a diagrammatic sectional view illustrating
the mechanism of the invention, the portions of the
Figure above and below the longitudinal centerline
showing, respectively, its closed and open positions;

FIG. 5 is an elevational view of the inner, supporting
sleeve member of the mechanism depicted in FIG. 4,
drawn to a scale reduced therefrom;
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FIG. 6 is a fragmentary sectional view of the collet-
operating mechanism of FIG. 4, taken medially through
one of the wedge members and drawn to a greatly en-
larged scale;

FIG. 7 is a perspective view of the wedge member
shown in FIGS. 4 and 6; and

FIG. 8 is a rear elevational view of the wedge mem-
ber.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENT

Turning now in detail to the appended drawings, a
spindle assembly of a kind typically employed in an
automatic screw machine, and in which the collet-
operating mechanism of the invention may suitably be
installed, is shown in FIG. 1. It includes a spindle, gen-
erally designated by the numeral 10, within which is
disposed a collet, generally designated by the numeral
12, and a threadably engaged, coaxial draw tube gener-
ally designated by the numeral 14. The spindle 10 is
rotatably mounted in bearing assemblies, generally des-
ignated by the numerals 16 and 18, which are supported
in frame portions 20 and 22, respectively.

The collet-operating mechanism includes a pressure
collar, or collet-closing member, generally designated
by the numeral 24, and an operating sleeve or outer
housing member, generally designated by the numeral
26/, slidably mounted for reciprocal movement over the
pressure collar 24'. Such movement is transmitted
through a machine-driven actuating shoe (not shown),
having a collar part seated within the circumferential
channel 28’ formed into the outer housing 26'.

With more specific reference to FIGS. 2 and 3, it is
seen that the mechanism includes an inner supporting
sleeve, generally designated by the numeral 30,
mounted upon the spindle 10, and a wear ring 32
mounted upon a reduced-diameter forward portion 34
of the sleeve 30 and abutted against a collar element 36
thereof. The mechanism also includes a set of force-
transmitting wedges 38, and three, equiangularly spaced
holding pins generally designated by the numeral 40,
only one of which is shown.

The inside surface of the operating sleeve 26 is ma-
chined to provide a compound recess, disposed adjacent
the cylindrical bearing surface 46 by which the sleeve is
slidably supported upon the wall portion 44. The recess
consists of a relatively small diameter inner section 48, a
relatively large diameter outer section 50, and a flared
transition section 52 therebetween; a shoulder 54 lies
contiguous to the large diameter section 50 at the outer
end of the recess.

As will be appreciated, shifting of the operating
sleeve 26 from the position shown in FIG. 2 to that of
FIG. 3, so as to dispose it over the pressure collar 24,
will force the wedges 38 into the tapered channel
formed between the confronting bearing surfaces on the
wear ring 32 and the pressure collar 24. This will effect
a slight forward axial shifting of the pressure collar 24
(to the left in FIGS. 2 and 3), in turn shifting the nut 58
and the threadably attached draw tube 14 in the same
direction. As a result, the collet 12 will be retracted into
the spindle 10 (moving to the right in FIG. 1, its orienta-
tion being inverted from that of FIGS. 2 and 3), thereby
causing compression of the collet elements by virtue of
coaction of the mated tapered surface 60, 62 on the
spindle and collet. 10, 12, respectively.

It will be noted that a ring of small sockets 64 are
formed into the angular flange portion 66 on the end of

10

20

25

35

40

45

50

55

60

65

4

the pressure collar 24, and that the nut 58 carries a
locking pin 68, which is seated within an axially extend-
ing aperture and is biased, by spring 70, toward the
pressure collar 24. Turning of the nut 58 on the
threaded end portion 72 of the draw tube 14 will of
course change slightly the axial position of the tube
relative to the collet 12, thereby enabling ready adjust-
ment of the level of gripping force applied to the work
upon actuation by the operating mechanism. The
spring-biased pin 68 will of course engage within any
one of the sockets 64 that is brought into alignment with
it, to thereby maintain the nut 58 in any selected posi-
tion; the pin 68 can of course be retracted readily for
facile adjustment.

Three apertures 74 (only one of which is visible in the
Figures) are formed at equiangularly spaced (i.e., 120°)
locations about the cylindrical sidewall portion 72 of
the pressure collar 24, in a common plane perpendicular
to the axis thereof. One of the holding pins 40 is dis-
posed in each aperture 74; because the diameter of the
shaft portions 76 is slightly smaller than the diameter of
the apertures, the pins can slide freely therein with
minimal play, and a head portion 78 on each keeps it
from disengagement in a radially outward direction.
Disengagement in the opposite direction is prevented
by abutment of the pins 40 against the surface of the
reduced diameter portion of the inner sleeve 30, into
which longitudinally extending slots 82 are formed to
accommodate the head portions 78 thereof. As is more
fully described in the above-mentioned Nowak U.S.
Pat. No. 4,995,625, centrifugal forces generated by rota-
tion of the machine spindle will cause the tips 80 of the
pins 40 to engage the collet operating member 26, to
thereby maintain the collet in its closed position.

Turning now in greater detail to FIGS. 4 through 8 of
the drawings, therein illustrated is a mechanism em-
bodying the present invention, and certain components
thereof. Features that are common to the several Fig-
ures are designated by the same numerals, marked how-
ever with a prime in respect of FIGS. 1 and 4 through
8. :

The most significant modifications made to the mech-
anism of FIGS. 2 and 3 reside in the structures of the
wear ring 32' and the force-transmitting wedges 38'. As
to the wear ring, it will be noted that its forward bearing
surface 84 is formed with a uniform, arcuate curvature.
Typically, the ring will have an outside diameter of
4.325 inches, with the bearing surface 84 lying on an arc
of radius A, having the value 0.75 inch.

The wedges 38’ are of unique form. Each has a for-
ward face that consists of a flat, outwardly disposed
bearing portion 86 and an arcuately relieved, inward
portion 88; in the closed (i.e., fully inserted) positions of
the wedge members 38', the longitudinal axis of the
inner sleeve member is normal to the common plane on
which their face portions 86 are disposed. The bottom
surface 90 is axially rectilinear, and is arcuate in planes
transverse thereto. Similarly, the inward portion 92 of
which the rearward face is comprised is rectilinear in a
radial sense, but is slightly concave taken in planes per-
pendicular to its medial, radially extending plane, as
best seen in FIG. 7. The outward forward portion 86
intersects the curved upper bearing face 94, which in
turn intersects the planar, outward portion 96 of the
rearward face. Portions 86 and 96 are paraliel to one
another, and the bottom surface 90 extends perpendicu-
larly thereto.
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By way of specific example, the front-to-rear dimen-
sion (i.e., axial length between the parallel surface por-
tions 86 and 96) of the typical wedge member will be
0.64 inch; the top-to-bottom (i.e., radial) dimension will
be 0.643 inch; and measured side-to-side (i.e., between
the lateral surfaces 93) the wedge member subtends an
angle of 39° (nine such members thereby constituting a
full circular array). Further charactenzmg the typical
wedge member, the face portion 86 will have a radial
length of 0.38 inch; the lower portion 88 will have a
radius B of 0.5 inch (taken, as shown, from a point pro-
jected inwardly on a line perpendicular to the planar
face 86, at the radially innermost limit thereof); and the
longitudinal arc of the upper bearing face will have a
radius C of 2.0177 inch (taken from a point 0.075 inch
displaced rearwardly from the face portion 86). With
reference to the bottom face 90, the perpendicular dis-
tance to the outermost margin of the face portion 96
will be 0.568 inch, and the distance to the intersection of
that portion with the portion 92 will be 0.4 inch; the
values of the radii shown in FIG. 8 will be, in inches:
D=1.594, E=1.994, F=2.162, and G=2.237. The
value of 8 (i.e., the angle between the surfaces 92 and
96, taken in a longitudinally extending radial plane
therethrough) will normally be in the range 10° to 15°,
preferably 13°,

The enlarged portion 44’ of the inner sleeve member
30’ of the mechanism is longitudinally divided at 98, and
has formed secantally thercthrough aligned bore por-
tions 100 (only one of which is seen) which receive a
clamping screw for securing the sleeve member on the
spindle 10. In addition, the enlarged portion 44’ is
formed with a longitudinally extending radial slot 102,
which is internally recessed at 104 along its side mar-
gins. As shown in FIG. 4, a T-shaped key is engaged
within the slot 102, with its head portion 106 seated
within the marginal recesses 104 and its tail portion 108
protrudmg slightly therefrom; the outer end of the por-
tion 108 is slidably engaged in keyway 110 formed into
the inner surface of the operating sleeve 26', thus pre-
venting its rotation relative to the supporting sleeve
member. The slot 102 also increases the flexibility of the
enlarged portion 44', thereby facilitating assembly on
the spindie and reducing the need for close manufactur-
ing tolerances. A compound aperture and slot formation
114 is formed into the forward portion 45 of the member
30, and serves to seat a button-head cap screw assembly
112; the assembly is also engaged within hole 116 in the
wall portion 72’ of the collet-closing member 24',
thereby affixing them in assembly and mterengaglng
them against relative rotation.

The mechanism shown in FIGS. 4 through 8 operates
in the same manner as does the mechanism discussed in
reference to FIGS. 2 and 3. Thus, sliding the operating
sleeve 26’ forwardly, from the position shown in the
lower half of FIG. 4 to that of the upper half, ultimately
brings the small-diameter inner section 48’ of the com-
pound recess to bear upon the array of wedge members
38’ (having passed through the transition section 52'),
forcing them to their fully inward positions. The force
applied is in turn amplified by the wedge members 38,
and is transmitted through the surface portions 86, 92
thereof to the confronting surfaces 73, 84’ of the closing
member 24’ and wear ring 32', respectively, thereby
effecting a forward shifting of the closing member and
operating the collet in the manner described.

Thus, it can be seen that the present invention pro-
vides a novel wedge-operated mechanism for closing a
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collet, in which force transmission, ease of operation,
and economy of manufacture may all be increased. It
will be appreciated that the coacting, force-generating
elements, especially the novel wedge members em-
ployed, are so configured as to afford the improvements
sought, and that the present invention represents an
improvement upon the mechanism described and
claimed in the above-mentioned Nowak U.S. Pat. No.
4,418,925; reference may therefore be had thereto for
further description of features that are common to the
instant invention.

Having thus described the invention what is claimed
is:

1. A collet-operating mechanism comprising, in com-
bination: a supporting sleeve member having a longitu-
dinal axis; a flange portion extending circumferentially
about said sleeve member and fixed thereon against
axial movement in at least a rearward direction, said
flange portion having a generally annular bearing sur-
face on the oppositely directed forward face thereof: a
collet-closing member slidably mounted for limited
axial movement on said supporting sleeve member and
having a generally annular bearing surface disposed in
confronting relationship to said flange portion bearing
surface, so as to cooperatively define therebetween an
inwardly tapered circumferential channel; a2 multiplicity
of substantially identical wedge members disposed in a
circular array for radial movement within said channel
and extending about said supporting sleeve member,
each of said wedge members having a cross-sectional
configuration, taken in axial planes in which said longi-
tudinal axis extends, conforming generally to that of
said channel and having bearing surfaces on the axially
spaced forward and rearward faces, and on the radially
outward face, thereof; and an operating sleeve member
slidably mounted for axial movement on said supporting
sleeve member, and having a sidewall portion extending
over said outward faces of said wedge members and
defining a compound circular recess therewithin com-
prised of a relatively large radius forward section, a
relatively small radius rearward section, and a transition
section therebetween, said operating sleeve member
being movable between a rearward, open position in
which said forward section of said recess is disposed
over said circumferential channel, and a forward,
closed position in which said rearward section is dis-
posed over said channel, the relatively large dimensions
of said forward section of said recess permitting said
wedge members to assume radially outward positions
within said channel with said operating sleeve member
in said open position, and the relatively small dimen-
sions of said rearward section forcing said wedge mem-
bers to radially inward positions with said operating
sleeve member in said closed position thereof, said
wedge members acting upon said bearing surfaces of
said flange portion and said closing member to shift said
closing member forwardly in said closed position of said
operating sleeve member, whereby said closing member
can effect closure of a collet operatively connected
thereto; wherein the improvement comprises said bear-
ing surfaces having the following characteristics, all as
taken in said axial planes: said annular bearing surface
on said flange portion forward face being convexly
arcuate; said bearing surfaces on said forward and rear-
ward faces of each of said wedge members being recti-
linear and inwardly convergent; and said bearing sur-
face on said outward face of each of said wedge mem-
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bers being convexly arcuate along substantially the
entire length of said outward face.

2. The mechanism of claim 1 wherein said bearing
surface on said forward face of each of said wedge
members is disposed in a plane to which said longitudi-
nal axis is normal.

3. The mechanism of claim 2 wherein said surfaces on
said forward and rearward faces of each of said wedge
members converge at an angle of 10° to 15°.

4. The mechanism of claim 1 wherein said bearing
surface on said forward face of each of said wedge
members constitutes a radially outward portion thereof,
and wherein said bearing surface on said rearward face
thereof constitutes a radially inward portion thereof.

§. The mechanism of claim 4 wherein, in said closed
position of said operating sleeve, said forward face on
each of said wedge members extends radially outwardly
further than does said rearward face thereof.

6. The mechanism of claim 4 wherein the radially
inward portion of said forward face on each of said
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wedge members is convexly arcuate in said axial planes,
providing a relieved inner edge thereon.

7. The mechanism of claim 1 wherein each of said
wedge members is symmetric about a longitudinally
extending radial plane extending medially there-
through, and wherein said bearing surface on said rear-
ward face thereof is formed with a slight concavity,
taken in planes to which said radial plane is perpendicu-
lar.

8. The mechanism of claim 1 wherein each of said
wedge members is integrally formed from a single piece
of metal.

9. The mechanism of claim 1 wherein said flange
portion is comprised of a back-up flange integrally
formed on said supporting sleeve member, and a sepa-
rate wear ring assembled therewith and providing said
annular bearing surface of said flange portion.

10. The mechanism of claim 1 wherein said transition
section of said compound recess in said supporting
sleeve member sidewall portion is of convexly arcuate
cross section, taken in planes extending longitudinally

therethrough.
* * * * *



