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(57) Abstract

A clampin, gappantlus ugs()lg;rde-
tachably connecting a tool unit toa
molwppm(:i'?)wiﬂimusedhold-
ing force is provided. The clamping ap-
m(SS)hcluduahuuhg(-ﬂ),a
pair of opposing locking spheres (57s,
b) within the housing (41), a cylindri-
cal canister member (39) mounted within
the housing (41) that is matable with
an insert-supporting tool umit (10) and
which has a pair of opposing apertures
(55a, b) in its sidewalls for conduct-
ing the locking spheres (57a, b) from
a locking to an unlocking position, and
a lock rod (60) reciprocally movable
within the interior of the canister mem-
ber (39) along an axis (A) and having
opposing cam portions (64a, b) for ra-
dially moving the locking spheres (57a,
b) through the canister apertures (55a,
b) into wedg mgengagunentwlmoppos-
ing angled walls (30) of sphere receiv-
ing openings (20) in the tool unit (10).
To increase the mechanical advantage of
the wedging action between the locking
spheses (57a, b) and the angled walls (30)
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(54) Title: TOOL UNIT CLAMPING APPARATUS HAVING A LOCKING MECHANISM WITH INCREASED GRIPPING FORCE

73

=

of the tool unit lo.theapmmewalls(ﬁ)oftheammrnmbﬂ'm)ueangledwmlmpectwalm(lt)exmdingndiallyﬂun
ﬂwlockrodmaxu((A))uoreduceﬂwanglebemenﬂleapmwall(:é)a;zdﬂ;l;emluutwall(30) Such angling increases the force of
wedging ‘and locking engagement between the locking spheres (57a, b)
unbodn:fnent,ﬂteapmnwﬂls(ﬁ)mangled 15° with respect to the aforementioned radial line (R),
of the clamping mechanism (35) by 30 %.

angled walls (30) of the tool unit (10). In the preferred
thereby increasing the holding force




cl anpi ng mechani smincludes a cylindrically-shaped cani ster nenber that is
mat able with the tubular end of a_tool unit_and which includes apertures—
for adnlttlng | ocki ng el enents into | ocking engagenent with recesses 25
present in the tool unit. The |ocking elenents, which are typically
spheri cal , ar@ radi gl | y nmoved through the apertures in the cagrfisedinisrber
by nmeans of ™ aces present on a reciprocating |lock rod. Exanpl es of
such a cl anpi ng nechani sm are disclosed in Erickson U S. patents

4,708, 040; 4,747,735; 4,836,068, and 4, 932,295, each of which is assigned
to Kennanetal Inc. |ocated in Latrobe, Pennsylvania. Such a prior art

cl anpi ng nechanismis 5 Illustrated in Figure 4. Here, a side,
cross-sectional view of the distal end 53of a canister nmenber 39 is shown
whi ch includes an aperture 54a in the formof a cylindrical bore through
the wall of the nmenmber 39. The inner dianmeter of the circular bore formng
the aperture 10 H54a cl osely approxi mates the outer dianeter of the
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This invention generally relates to an
5 improved lock rod clamping apparatus for detachably
connecting a tool unit to a tool supporter, and is
particularly concerned with such an apparatus having an
increased gripping force.
Clamping mechanisms for detachably connecting

10 a tool unit to a tool supporter are well known in the
art. One typical use of such mechanisms is in machining
operations where the tool unit holds a cutting insert
that is moved into and out of cutting engagement with a
rotating metal workpiece. The clamping apparatus allows

15 different tool units holding different cutting inserts to
be quickly attached to and detached from the tool
supporter which in turn is connected to a device that
controls the movement of the tool units with respect to
the workpilece.

20 One of the most commercially successful
clamping mechanism includes a cylindrically-shaped
canister member that is matable with the tubular end of a
tool unit and which includes apertures for admitting
locking elements into locking engagement with recesses

25 present in the tool unit. The locking elements, which
are typically spherical, are radially moved through the

. apertures in the canister member by means of cam surfaces
present on a reciprocating lock rod. Examples of such a
clamping mechanism are disclosed in Erickson U.S. patents



spherical |ocking element 57a. A reciprocating lock rod 60 includes a cam

portion 64a having_a spherical_depr Qon 66 which .tapers off into a ranp

68. Wien the spheri cal | ocki ng el enefHIS in the depression 15
Dt er

66, and the Iock rod 60 is noved a alnstRE the springs 74 (shown
In Figure 3) @ e distal end nmber 39 5&,&%@&*&5
stop flange 70 |s |n he position illustrated in Figure 3, the 'spherical
element 57a is in a non-locking position. Thi<a<nl ocking 20 position
all ows the tubular shank 16 of a tool unit 10 to be inserted into the
annul ar recess 59. However, when the springs 74 are released to pull the

| ock rod 60 away fromthis position toward the S|t|on il lustrated |n

Figure 4, the ranp df.%0% 048 $ol471 735644, 82600y PN5 4,932 28R g@achN

radially raises the vﬁﬁhﬂ lieahshmkwgoemanﬁefin :Iltﬂi.Olbbﬂté@Ciﬂ rtﬁt&ase; ion
shown. In such a po spherical |ocking elenent will wedgingly and
| ocki ngly bear agal g?ed wall 30 of the tool unit 10. 30

Wil e such a prior art Iock|n§“#bcﬂanrt9ﬁlﬂ§§ glawping tmechapisn| isy of

qui ckly, convegi ent|jvitdated thyrahireci.N"0HEré O didel, &Efodeistitional

supporter, the view of the distal end 62 of a canister member 39 is
shown which includes an aperture 54a in the form of a
cylindrical bore through the wall of the member 39. The
inner diameter of the circular bore forming the aperture

10 54a closely approximates the outer diameter of the
spherical locking element 57a. A reciprocating lock rod
60 includes a cam portion 64a having a spherical
depression 66 which tapers off into a ramp 68. When the
spherical locking element 57a is seated in the depression

15 66, and the lock rod 60 is moved against the bias of the
springs 74 (shown in Figure 3) toward the distal end of
the canister member 39 so that its stop flange 70 is in
the position illustrated in Figure 3, the spherical
element 57a is in a non-locking position. This unlocking

20 position allows the tubular shank 16 of a tool unit 10 to
be inserted into the annular recess 59. However, when
the springs 74 are released to pull the lock rod 60 away
from this position toward the position illustrated in
Figure 4, the ramp of the cam portion 64a wedgingly

25 engages and radially raises the spherical locking element
57a into the locking position shown. In such a position,
the spherical locking element will wedgingly and
lockingly bear against the angled wall 30 of the tool
unit l0.

30 While such a prior art locking mechanism has
proven its'capability of quickly, conveniently, and
rigidly attaching a tool unit to a tool supporter, the
applicant has observed an area where the performance of
such a mechanism could be substantially improved.

35 Specifically, the applicant has observed that if the
clamping mechanism could be modified to increase the
clamping force applied to the tool unit without
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appl i cant has observed an area where the performance of such a nechani sm
could he substantially inpraved. 35 Specifically_ the applicanthas-
observed that if the clanping nechani smcould be nodified to increase the
clanmping force applied to the tool unit w thout WD 96/ 29168

PCT/ US96/ 0151Qo9d3e1k¢'C" €aSi Ng the pull-back force that the sprhRgdodiAsisade
applies to the Iock rod, then a smaller and shorter spring package coul d be
used to achi eve the sane holding force. Such-a=-smaller spring package woul d
5 advant ageously shorten the envel ope of the tool, which in turn would
render the tooling systemincorporating the clanping nechani smeasier and
nore convenient to use in a working environnment. Additionally, the life

span of the springsingreasing: ghe cknfprae that \the: gpring (package
Bel [ ville washers) appilidsheo engtienedtod) thenaiiswiller knd SRértér package

of conventional sizeigte Uagdue ' BSl b MehChS adifieVi® tnb"Sath W dithg
force. Such a smaller spring package would
5 advantageously shorten the envelope of the tool, which in
turn would render the tooling system incorporating the
clamping mechanism easier and more convenient to use in a
working environment. Additionally, the life span of the
springs used in the package (which are typically
10 Bellville washers) would be lengthened. Alternatively,
if a spring package of conventional size were used, the
holding force between the clamping mechanism and the tool
unit would be increased, which in turn would increase
tool rigidity and enhance the accuracy of the cutting
15 operation.
Clearly, it would be highly advantageous if a
way could be found to increase the holding force that
such a clamping mechanism generates with respect to a
tool unit for a given pull-back force on the lock rod to
20 make possible either the use of a small spring package,
with a consequent reduction in the overall size of the
tool envelope or an increase in tool rigidity and cutting
accuracy with the use of a spring package of conventional
size. Ideally, such a holding force-increasing solution
25 should require only a minimal amount modification to the
shapes of existing parts so that a conventional clamping
mechanism of the type previously described could easily
be converted into an improved clamping mechanism with a
ninimum amount of disassembly and machining.
30 nve
Generally speaking, the invention is a
clamping mechanism for detachably connecting a tool unit
to a tool supporter with an improved holding force that
fulfills all the aforementioned criteria.
35 The inventive clamping mechanism comprises at
least one locking element, which may be in the form of a
sphere; a canister matable with a tool unit and having an



unit would be increased, which in turn would increase tool rigidity and
enhance the accuracy of the cutting 15 operation. Cearly, it would be
hi'ghl y advantageous if a way could be found to increase the hol ding force
that such a cl anpi ng nechani sm generates with respect to a tool unit for a
gi ven pul | - bagly§, on the lock rod to 20 make possi bl | e
use of a small spring package, with a consequent reduction in the overal
sjze of the tool envelope or an increase in &gel rigidity and cutting
accuracy with the use of a spring package of conventional size. ldeally,
such a hol ding force-increasing solution 25 should require only a

m ni mal anount nodification to the shapes of existing parts so that a

conventional cl anpi dpewine for Adnitting W dogking mphere;threngh & sRlild
easi |y be convert edphébébn al THBERVESH Wetiprocally Mgvalile Vil Ehin NtlE NuUM

Fventi on Gener al | yCUniikam Beabit Fiond 4 Jengitudinal axis ppd BAVING &,
det achabl y connect i cam spaxtiion,for noving dve lopking sspherehthrously theed
hol ding forcegthat fah{dtd:r® aplelrtibé Pt WEAGLhG @R AddiSing? engagement
with a wall of the tool unit, wherein the canister
aperture walls are not cylindrical, i.e., are not
orthogonal to the longitudinal axis of the lock rod, but
instead are angled with respect to a line extending
10 radially from this axis for increasing the force of
locking and wedging engagement between the locking
element and the tool unit.
Such an angling of the aperture walls
increases the force of wedging engagement by increasing
15 the mechanical advantage between the locking sphere and
the wall of the tool unit that is engaged by this sphere
when it is forced radially outwardly by the cam portion
of the lock rod. In the preferred embodiment, the

aperture walls are angled between about $° and 20° with
20 respect to a line extending radially from the lock rod
axis, and more preferably between 7° and 15° with respect
to this radial line. As the wall of the tool unit that
engages the locking sphere is engaged between about 50°
and 60° with respect to this radial line, the locking
25 sphere wedgingly engages the wall of the tool unit at a
shallower angle, thereby increasing the mechanical
advantage associated with its engagement against the tool
unit. ,
As the invention may be incorporated into a
30 prior art clamping mechanism by merely boring the
canister member apertures obliquely with respect to the
axis of rotation of the canister member as opposed to
orthogonally, the invention may be easily incorporated
into existing clamping mechanisms with a minimum amount
35 of machining operations. Moreover, as the incorporation
of the invention into a clamping mechanism increases the



35 The inventive cl anpi ng mechani sm conpri ses at | east one
| ocki'ng el enent, which may be in the formof_a sphere; a canister matable
with a tool unit and having an WO 96/ 29168

PCT/ US96/ 01510 -4- aperture for admtting a | ocking sphere through a wall

thereof; alo eci procally novable wthin the canister mgm ng a
| ongi t udi nal %Jgﬂgﬁé havi ng a cam portion for noving the | ocking sp (ka(?e

through the 5 cani ster aperture into wedgsag and | ocki ng engagenent
with a wall of the tool unit, wherein the canister aperture walls are not
cylindrical, i.e., are not orthogonal to the |ongitudinal axis of the |ock

rod, but instead are angled with respect to a |line extending 10

radial |y fromthis belding foneer bs3o¥, tthe isventien| abigws) szl lerdepring
engagenment between fb@dgwiﬁwml fsed iwiti aiietheotr efWélope-teanBingAnd'd
im;]c£ ggsﬁggrture wal gn&g&{t%a_ﬁrteggi;‘grac‘fvﬂta\égggl ng engagenent by

Brief Description Of The Several Figures :

5 Figure 1 is a perspective view of a tool unit
of the type secured by the clamping mechanism of the
invention; '

Figure 2 is a cross-sectional side view of the
tool unit illustrated in Figure 1 along the line 2-2;

10 Figure 3 is a cross—-sectional side view of the
clamping mechanism of the invention that detachably
connects the tool unit of Figures 1 and 2 to a tool
supporter; _
| Figure 4 is an enlarged, cross-sectional side

b view of a prior art clamping mechanism connecting a tool
unit to a tool supporter, and

Figure 5 is an enlarged, cross-sectional side
view of the clamping mechanism of the invention
connecting a tool unit to a tool supporter, illustrating

20 in particular how the angling of the canister member
apertures increases the wedging and clamping forces
between the locking spheres and the angled walls of the
tool unit.

25
tool unit 10 used in conjunction with the clamping
mechanism of the invention has a forward end 12 for
holding a cutting tool, and a rearward tubular shank 16
for connection to a tool supporter. The forward end 12

30 includes a recess or pocket 14 which is conventional in
design for receiving an indexable cutting insert, locking
bracket, and shim (not shown). At the junction between
the forward end 12 and the tubular shank 16 is an annular
abutment face 17 for engagement with the annular face of

35 a tool supporter when the tool unit is connected to such
a supporter by way of a clamping mechanism. The abutment



15  the nechani cal advantage between the |ocking sphere and the wall of
t he tool unit that is engaged by this sphere when it—is forced radially
outwardly by the camportion of the lock rod. In the preferred enbodi nent,
the aperture walls are angl ed between about 5 and 20 with 20 respect to

a |1 ne extendi Lally fromthe | ock rod axis, and nore pr

bet ween 70 and‘qqgf'?riﬁl wWth respect to this radial line. As tﬁéﬁﬁ\/\%?)f'y%? t he
tool unit that engages the | ocking sphere is-@gaged between about 50[err]
and 60 with respect to this radial line, the |ocking 25 sphere

wedgi ngly engages the wall of the tool unit at a shallower angle, thereby

I ncreasi ng the nechani cal advantage associated wth its engagenent agai nst
the tool unit. As tf@acendtnis @iamay pad ig pidiogonaliyiieriented with i or art

cl aLrpi ng mechani shm h-bsﬁaee:yomfd mihhfefcmiﬁm GETERé tulilal ehafil ieel y

or thogonal Iy, the invention 1S i Yhdleatel S8 %Ehile 7 TRAL ERnRe phinke

cl anpi ng nechani sns 16 &8 preferanly insearably formed withitheforward:ends.

Moreover, as tgie i naQr per ehé Atbsl’ unie L0VEFH A sifbglelpLésd U GLEREoAHEM

| ncreases the has a frustro-conical shape. The shank 16 includes a
pair of opposing openings 18a,b for receiving the
spherical locking elements of the clamping mechanism
vhich are described hereinafter. The walls 20 of the

10 openings 18a,b are not cylindrical completely around
their circumference, but instead include angled wall
portions 30 (as shown in Figure 2) for facilitating the
locking engagement between the shank 16 and the spherical
locking elements of the clamping mechanism. The inner

15 surface 22 of the tubular shank 16 is substantially
cylindrical in shape so as to closely mate with the outer
surface of the canister member of the locking mechanism
which will be described shortly. The shank outer surface
24 is frustro-conical for the purposes of both centering

20 and rigidifying the coupling between the tool unit 10 and
a tool supporter. Disposed orthogonally with respect to
the opposing openings 18a,b are alignment slots 26 and
28. These slots 26,28 fit into protruding keys (not
shown) present in the canister member 39 of the clamping

25 mechanism to insure alignment between the openings 18a,b
with the spherical locking elements of the clamping
mechanism.

With reference now to Figure 3, the clamping

mechanism 35 of the invention is disposed within a tool

30 supporter housing 37 as shown. The clamping mechanism
includes a cylindrically shaped canister member 39
mounted within a housing 41 formed from a coupling member
43. The coupling member 43 terminates, at its distal
end, in an annular abutment face 44 that confronts the

35 previously discussed abutment face 17 of the tool unit 10
when the two are connected. The tool supporter housing
37 further has a support plate 45 disposed behind the

st



WD 96/ 29168 PCT/ US96/ 01510 hol di ng

force by 30% the invention allows smaller spring packages to he used with
all their envel ope-reduci ng and | ongevity-increasing advantages. Bri ef

Description O The Several Figures 5 Figure 1 is a

per spective vi tool unit of the type secured by the cgg.g@isﬂ&
mechani sm of #ﬁwjrwgnt lon; Figure 2 is a cross-sectional si PRI t he
tool unit illustrated in Figure 1 along the d3pe 2-2; 10

Figure 3 is a cross-sectional side view of the clanping nechani smof the
I nvention that detachably connects the tool unit of Figures 1 and 2 to a
toool supporter; Figure 4 is an enlarged, cross-sectional side 15 Vi ew
of a prior art clasoupdingcmenbernddennthei capistesonenber 39 is tafifiixed to

supporter, and Fi gihd RohSing €Dby GAY of' &% armRarORthngé df7 \dediireh the
clanping mechani Smt?xfe tc@%pifﬁ’ge%%r 43 by bolts 49. Coupling member 43
is in turn secured to the support plate 45 by means of
5 bolts 51. Thus the canister member 39 remains stationary
relative to the lock rod 60 during the operation of the
clamping mechanism 35, which will be described shortly.
The distal end 53 of the canister member 39
includes a pair of opposing apertures 55a,b for admitting

10 locking elements in the form of spheres 57a,b to the

. position shown in phantom. It is important to note that
the walls of the apertures 55a,b are not cylindrical
bores whose walls are at right angles to the axis A.
Rather, they are bores whose walls 56 are angled with

15 respect to a line extending radially from the axis A
(which is both the axis of movement of the lock rod 60).
aAs will be described in more detail later, such an
angling of the aperture walls increases the locking and
wedging forces that the locking spheres 57a,b apply

20 against the angled walls 30 of the tool unit 10. As is
indicated by the phantom representations of the locking
spheres 57a,b, the angling of these walls 56 causes the
spheres to move a slightly axial as well as radial
direction during a locking operation.

25 In addition to the canister member 39 and
locking spheres 57a,b, the clamping mechanism 35 of the
invention further includes lock rod 60 which is
reciprocally movable along the axis A from the unlocking
position illustrated in Figure 3 to the phantom position

30 illustrated in the same Figure. The lock rod 60 has a
distal end 62 concentrically disposed within and slidably
movable with respect to the distal end 53 of the canister
member 39. The distal end 62 includes opposing cam
portions 64 for moving the locking spheres 57 in a

35 generally radial direction and into locking engagement
with the tool unit 10. To this end, each of the cam
portions 64 includes a depression 66 which is partly



connecting a tool unit to a tool supporter, illustrating 20 I n
partlcular how t he angl ing of the canister nmenber apertures increases the
wedgi ng and cl anpi ng forces between the | ocking spheres and the angl ed

wal l's of the tool unit. Detailed Description O The Preferred Enbodi nent 25

Wth referencam,kg Figures 1 and 2, the tool unit 10 USEdﬂg‘}@QQ&ﬂfbﬁ'on
n

with the clanping nechani sm of the |nvent|on has a forward e

hol ding a cutting tool, and a rearward tubuleg-shank 16 for connection to a
tool supporter. The forvvard end 12 30 i ncludes a recess or pocket 14
whi ch is conventional in design for receiving an indexable cutting insert,

| ocki ng bracket, and shim (not shown) At the junction between the formard
end 12 and the tubutenplemenkary in ﬂmmmtheaimm spheves 57, 0and a

engagenent W th t hersiihésaextanging fifom oneasiwloﬁwa&ﬁfemtdte t ool
unit is connect gg,;gofw oS HPRELT Und62"8Y Ble Tl ' "IndSSRANAT oBR°
PCT/ US96/ 01510 of the lock rod 60 includes a cylindrical shaft 72 which
5 is reciprocally slidable in a proximal end 72.5 of the |
canister member 39. The shaft 72 of the lock rod 60
terminates in a spring retainer 73 which may take the
form of an annular flange as shown. Springs which may be
in the form of Bellville washers 74 are slidably and
10 concentrically disposed around the outer surface of the
' proximal end 72.5 of the canister member between the
plate 45 and retainer 73. These washers 74 are normally
compressed to apply a longitudinally-oriented tensile
force on the lock rod 60 such that the lock rod is biased
15 in a withdrawn position (indicated in phantom) that acts
to extend the locking spheres 57a,b into the locking
position illustrated in phantom.
The operation of the invention will now be
described with respect to Figures 4 and 5. As has been
20 previously indicated, Figure 4 illustrates a prior art
clamping mechanism wherein the walls 55.5 of the
apertures 55a,b in the canister member 39 are
cylindrical, being parallel to a line R extending
radially from the axis A. In such a clamping mechanism,
25 when the lock rod 60 is withdrawn by the compressed
Bellville washers 74, the locking spheres 57a,b are
radially extended by the ramp section 68 of the cam
portions 64a,b. When extended, the locking spheres 57a,b
come into locking engagement with the angled walls 30
30  that form part of the apertures 18a,b of the tool unit
10. In such a locking mechanism, the wall 30 of the tool
unit 10 is canted an angle B with respect to the radial

line R of between about 30° and 40°, and most preferably

35°. Because the walls 55.5 of the apertures 55a,b are
35 parallel to the radial line R proximal portions of the



face 17 is planar and is orthogonally oriented with respect to the axis of
rotation of the tubular_shank 16. _As is indicated in Figure 2 _the tubular
shank 16 is preferably integrally for ith the forward end 5 12 of
the tool unit 10 froma single piece 6Hl$SHEET HARBEHS] 2 frustro coni cal
shape. The shaal%&ﬁd ncl udes a pair OP [HEP 8E penl‘r\ks 18 plowp

recei ving the spherical |ocking ele g mechanl sm V&%I ch
are described hereinafter. The walls 20 of th9-10 openi ngs 18a,b are
not cylindrical conpletely around their circunference, but instead include
angl ed wall portions 30 (as shown in Figure 2) for facilitating the | ocking
engagenment between the shank 16 and the spherical |ocking el ements of the
cl anpi ng mechani smlogking sphexres 57a 4, Wwedgingly oand Lyr engage the | s

substantially cyli rgﬁ gh q“fa C \ g9 e outer
surface of the canister rre‘Jr‘T‘ger 0 tﬁ ekg rré%a%??m%v\hlc %/é]'ll be
descri bed shortly. The shank BYucentrasteackn the slapping mechanism pfr thee
pur poses of both cemﬁﬂﬁi.@nZQnown £ Pigured 5f, Ythe ﬁ&n&w&nenbet ween the

Eﬁgl O;glotSI ﬁg nd a tooI %Se*’ %ﬁ OS??‘&P ho onal 359 atrh inéffCt t

pem
an angle C with respect to a 1i.ne R radially extending

from the axis A. In the preferred embodiment, the angle
C is between 5° and 20°, and is more preferably between

10° and 15°. Consequently, when the ramp 68 of each of
10 the cam portions 64a,b of lock rod 60 radially pushes the
locking spheres 57a,b outward toward the tool unit 10,
the angled walls 56 of the apertures 55a,b guide the
spheres into the angled walls 30 of the tool unit 10 not

at an angle B of approximately 35°, but rather at a
15 smaller angle D which is between about 15° and 25°, and
most preferably 20°. The smaller engagement angle (i.e.,

20° versus 35°) between the proximal end of the locking
spheres 57a,b and the angled wall 30 of the tool unit 10
creates a greater mechanical advantage in the wedging

20 action between the rounded surface of the spheres 57a,b
and the angled walls 30 of the tool unit 10. This
greater mechanical advantage results in a clamping force
that is on the order of 30% higher than the clamping
force generated by the prior art clamping mechanism

25 illustrated in Figure 4 when the same number and type of
Bellville washers 74 are used. Alternatively, the
clamping mechanism 35 illustrated in Figure 5 would be
capable of generating the same amount of clamping force
as the Figure 4 clamping mechanism with a spring package

30 comprising either a fewer number of Bellville washers 74,
or washers 74 that were smaller, thereby shortening the
envelope of the mechanism 35. The clamping mechanism 35
of Figure 5 can also increase the longevity of the
Bellville washers 74 used in the spring packet by

a5 reducing the amount of stress and fatigue that the
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28. These slots 26,28 fit into protrudi ng keys (not shown) present in the
cani ster nenber 39 of the_clanping 25 _ nechani.smto insure.alignnent

bet ween the openings 18a,b with the spherical |ocking elenents of the

cl anpi ng mechanism Wth reference now to Figure 3, the clanping nechanism

35 of the invgpid LS disposed within a tool 30 suppor t H@b@ 37
as shown. Th@c*é%p‘#ng mechani smincludes a cylindrically s?gge CE;.%‘IIS'[ er
nenber 39 nounted within a housing 41 formed=X¥6-om a coupl i ng nenber 43. The
coupling menber 43 termnates, at its distal end, in an annul ar abutnent

face 44 that confronts the 35 previ ously di scussed abutnent face 17 of

the tool unit 10 when the two are connected. The tool supporter housing 37

further has a suppowasheEs J4BugtsABRYY| tihedlegk rodmpm genspate

PCT/ US96/ 01510 - 7- QWMpiﬂ?.fMani ster menber 39 is affixed to
I

t he housing 41 by way of an annul ar ange 47 secured to :
: While this invention has been described with

respect to a specific embodiment, various revisions,

5 modification, and variations of the invention will become
evident to persons skilled in the art. All such
variations, additions, and modifications are intended to
be encompassed within the scope of the invention, which
is limited only by the claims appended hereto.



t he coupling nmenber 43 by bolts 49 Coupl i ng nember 43 is in turn secured
to the support plate_45 by nmeans_of 5 balts 51 Thus the—cahister
menber 39 renmmins stationary relative to the lock rod 60 during the
operation of the clanping mechani sm 35, which will be described shortly.
The distal end 53 t he cani st les a pair rEvaR 4100
apertures 55 CHPYP adnitting JaHIS SHEBE HASgBEENerent s i n thgé? orm (Sﬁl
spheres 57ab to the position shqwn |nRQNQMEDn1 Iti}is inmportant to note that
the walls of the apertures 55a, b—aremot—TytrTTarrcal bores whose walls are
at right angles to the axis A Rather, they are bores whose walls 56 are
angled with 15 respect to l'ine extendlng radially fromthe axis A
(which is bothrthe axis of novement of the lock rod 60). As will be
described i'n “ u “l&ﬂu such an angling of the aperture walls
I ncreases thumm Em gi ng forces that the | ooking spheres 57a,b
apply 20  agaicnst the angled walls 30 of the tool unit 10. As is
i ndi cated by the phantom representations of the | ocking spheres 57a,b, the
angling of these walls 56 causes the spheres to nove a slightly axial as
wel |l as radial direction during a |ocking operation.

-}]l~

WHAT I8 CLAIMED I8:

1. A clamping apparatus for detachably
connecting a tool unit to a tool supporter, said tool
unit having a wall for engaging a locking element,

5 comprising:
' a housing:;
a movable 1locking element within said
housing:
a canister member mounted with said
10 housing matable within said tool unit and having an
aperture for admitting and guiding said movable locking
element through a wall of said member;
* a lock rod reciprocally movable within
said canister member along an axis (A) and having a canm
15 portion for moving said locking element through said
aperture of said canister member into wedging and locking
engagement with a wall of said tool unit,
wherein said aperture walls of said
canister member are angled with respect to a line (R)
20 extending radially with respect to said axis (A) such
that said aperture walls guide said locking element into
said tool unit wall at a smaller angle that is more
parallel to said tool unit wall than if said aperture
walls were parallel to said line (R) for increasing the
25 force of 1locking and wedging engagement between saiad
locking element and said tool unit by increasing a
mechanical advantage between said locking element and
said tool unit wall.
R ——
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25 In addition to the cani ster nenber 39 and | ocki ng spheres
57a, b, the clanping nechanism 35 of the.invention furtherincludes |ock rod
60 which is reciprocally novable al ' m t he unl ocki ng

position illustrated in Figure 3 to] '@%gﬁb%ﬁﬁﬂltion 30 i |l ustrated
in the sane Fjaqur The | ock rod 60 has REPUAGEDRN enq 62 congepipsdenitiby

di sposed wi_th ﬁgﬁ’ﬁ’c}‘%l i dably novabl é With respect tothe distal end 53 of
the canister menber 39. The distal end 62 i{_ggludes opposing cam portions 64

for noving tumwmm) lwm s 57 in a 35 3 general |y radial direction
and into | ockifhes o ith the tool unit 10. To this end, each of the
cam portions 64 I ncl udes *a aepressi on 66 which is partly WO 96/ 29168

PCT/ US96/ 01510 -8- conpl emertar yAi ncdaapingo tapparatisng sopherdstazhabipd a

L3, O824 009 BRIty 'R CHS o bRy Eafh®taba o
cylindrical shaft withhaving a wall for wedgingly engaging a locking
element, comprising:
5 a housing:;

at 1least one movable locking element
within said housing;

a canister member having an exterior that
is matable with said tool unit, and an aperture for

10 admitting and guiding said movable locking element
through a wall of said member;

a lock rod reciprocally movable within an
interior of said canister member along an axis (A) and
having a cam portion for radially moving said locking

15 element through said aperture in said canister member
into a mechanically advantageous wedging and locking
engagement with said wall of said tool unit,

_ ‘wherein the walls of said aperture of
said canister member are angled with respect to a line

20 extending radially from said axis (A) such that said
aperture walls guide said locking element into said wall
of said tool unit at a smaller angle that is more
parallel to said tool unit wall than if said aperture
walls were parallel to said line (R) for increasing the

25 force of wedging and locking engagement between said
locking element and said tool unit by increasing the
mechanical advantage between said locking element and
said tool unit wall.

3. The clamping apparatus of claim 2,

30 wherein said locking element is a locking sphere, and

said aperture walls are angled greater than 5° but less

than 205 with respect to said line (R) extending radially
from said axis A.
4. The clamping apparatus of claim 3,

35 wherein said tool unit wall is angled between about 50°
T“,‘m‘iiﬁtli‘i‘ilre‘i“ i‘Ti'i‘“d SUBSTITUTE SHEET (RULE 26)




5 is reciprocally slidable in a proximal end 72.5 of the canister

menber 39. The shaft 72 of the lock rod 60 termnates in a-spring-retainer
73 which may take the formof an annul ar flange as shown. Springs which may

be in the formof Bellville washer ssq{gEquAsjBEEN\and 10
concentri CW th BEHJH e of tthe proxj JeRik162- °
of the cani et ween the pl at —et=gi ner 73. ese vvashers
74 are normal | “m“ apply a longiLjgdinally-oriented tensile force
on the | ock ’ﬁ\!ﬁ@gﬁ m““ he |l ock rod is biased 15 in a wthdrawn

L

position (i n mﬂph%mton) that acts to extend the | ocking spheres

57a,b into the locking position illustrated in phantom The operation of
the invention willangogcbeyas Cradpubtiitd €16 Pefte | R)F dttcdRihg2t@dialfy has
been 20 previously indicated,” Figure 4 illustrates a prior art clanping

mechani sm wher ei n f298 faid axis E(Aéf' the apertures 55ab in the canister
menber 39 are cylindrical, Beingrpar aclamping a tpmdttm(t emtil nglatwi ak|y

L e Son YRR, eSS P RS e ST pAket 0 O
57a, are 5 said tool unit wall is angled
’ 6. The clanping apparatus of claim 2,
comprising a pair of said locking elements, wherein said
canister member includes a pair of opposing apertures and
said lock rod includes a pair of opposing cam portions
10 and said tool unit includes a pair of opposing walls for
engaging said locking elements.
7. The clamping apparatus of claim 2,
wherein said aperture walls are angled about 10° with
respect to said line (R) extending radially from said

15 axis (A), and said tool unit wall is angled about 55°
with respect to said line (R).

8. A clamping apparatus for detachably
connecting a tool unit to a tool supporter, said tool
unit having a wall for wedgingly engaging a locking

20 sphere comprising:

a housing;

at least one movable 1locking sphere
within said housing; :
a canister member mounted within said
25 housing and having an exterior that is matable with said
tool unit, and an aperture having walls for admitting and
guiding said movable locking sphere through a wall of
said member;
a lock rod reciprocally movable within an
30 interior of said canister member along an axis (A) and
' having a cam portion for radially moving said locking
sphere through said aperture into a mechanically
advantageous wedging engagement with said wall of said
tool unit that is angled with respect to a 1line (R)
35 extending radially from said axis (A) to lock said unit
to said canister member;

This Sheet Has Been Replaced SUBST"UTE SHEET (RULE 26)
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radially extended by the ranp. section 68 of the cam portions 64a,b. Wen
ext ended, the | ocking spheres 57a,b cone_jnto | ocki.ng engagenent with the

angl ed wal |'s 30 30 that form part W&F@s—«wa b of the tool
unit 10. In such a | ocking nmechani sm S vakg Hﬁscﬂf"&he tool unit 10 is

canted an angl goReMbdsh " espect to thelradi AEPLAGRD R of joet wee and
40[err], and rrggt prlg?erabl y 35[err]. Becausg the V\‘/’é’rf‘g’l 55.5 g the 1sid
apertures 55a,b are 35 parallel to the r 8Tal line R proxi mal portions

of the 57a, b wedgi ngly and | ockingly engage the angl ed
wal | s 3“'“”“&'“"&“‘&“ as a 35[err] angle. By contrast i n the clanping
mechani sth of the 1 nvlent'i on shown %ﬂﬁprﬁéwﬂ_hg S&Mecé said
apertures 55a,b of the cani st menber .39 are cI| at an angl e C \£Ilth
respect to a line Wé& gF| FengLee g EP‘P?F‘HP%‘S‘%F |
enbodi nent, the angiRy Gsush bMeua&ﬂer&ﬂeﬁn&eZG{ﬂﬂ:ﬂ gwi:dé i sab@®r docking
preferably between %ﬂ&g dg egant ftﬁﬁ'eh
of 10 the camp rtlonsingﬁ é§ ock rod%%lr\éu}earﬁ %sﬁﬁgﬁg
5 is more paral el to sai unit wal
aperture walls were parallel to said 1_ine (R) for
increasing the force of wedging and locking engagement
between said locking sphere and said tool unit wall by
, increasing the mechanical advantage between said sphere
10 and said tool unit wall.
9. The clamping apparatus of claim 8,

wherein said aperture walls are angled between about 7°

and 15° with respect to said radial line (R).
10. The clamping apparatus of claim 9,
15 wherein said tool unit wall is angled between about 50°

and 60° with respect to said line (R) extending radially
from said axis (A).
11. The clamping apparatus of claim 8,
wherein said aperture walls are angled about 10° with
20 respect to said line (R) extending radially from said

axis (A), and said tool unit wall is angled about 55°

with respect to line (R).
12. An improved clamping apparatus for
detachably comnecting a tool unit to a tool supporter,
25  wherein said apparatus is of the type having a housing, a
canister member mounted with said housing that is matable
with a tool unit and which includes at least one aperture
for admitting a locking element, and a lock rod that is
reciprocally movable along an axis (A) and that has a cam
30 portion for moving the locking element radially through
said canister aperture into a mechanically advantageous
wedging and locking engagement with a wall of said tool
unit that is angled with respect to a line (R) extending

radially from said axis (A), the wall of said canister
—_—
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| ocki ng spheres 57a,b outward toward the tool unit 10, the angled walls 56

of t.he apertures 55a,b quide the_spheres intao-the angled waHs36—of—the— -
toor—unit 10 not at an angle B of approxi rrately 3[err], but rather at a 15

smal l er angle D which is between .ﬁm (59 and nost preferably
20. The smaller en&tagerrent angl = F %rsus 35[ epcrmysoboisteen
t he proxi mal VIO X623 he | ocki ng heregE_ 7d “ he angled wall 30 of the
tool unit 10 creates a greater mechani cal adwkantage in the wedgi ng 20
action between the rounded surface of the spheres 57a,b and the angl ed
walls 30 of the tool unit 10. This greater nmechani cal advantage results in

a clanping force that" is on the order of 30% hi gher than the clanping force
generated by the pgy baga el ariithmrédbpect to! ssid araiialn 1Engur e

4 when the sane nu er 0 %@gt% gi4 are used.

Al ternatively, the &ﬁe@% %éh%?us %' Fi gure 5 woul d be
capabl e of generating the sane ampentuse wRAApi rkp f 5add sanister; pembex
cl anpi ng mechani Sﬂ%ﬂ&ihu% gwd PR 3@8pett to suidiradial Rihée(r)a: éuener

Shortentng tFie. envERcERAd ARSTHEER-NRLEE ngfaﬁn%%élﬁ“ﬁsgﬁﬁéﬁam o
said tool unit wall at a smaller angle the
aperture walls were parallel to said 1line (R} for
increasing the force of locking and wedging engagement
between said locking element and said tool unit by

10 increasing the mechanical advantage between the locking
element and the tool unit wall.

13. The clamping apparatus of claim 12,

wherein said locking element is a locking sphere, and

said aperture walls are angled between about 7° and 15°

15 with respect to line (R) extending radially from said
axis (A).

14. The clamping apparatus of claim 12,
wherein said tool unit wall is angled between about 50°

and 60° with respect to said line (R) extending radially
20 from said axis (A).

-_—

—
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of Figure 5 can also increase the |longevity of the Bellville washers 74
used in the spring package by 35 __.reducing the ampunt of stress and— -
fatigue that the WO 96/ 29168

PCT/ US96/ 01510 -10- washers 74 nust apply to the lock rod 60 to generate
acceptabl e cl ggppif,dPr ces. Wile this invention has been desgéipguaydibh
respect to a specCiftic enbodi nent, various revisions, 5 nodi fication,
and variations of the invention will becone evident to persons skilled in
the art. Al such variations, additions, gl nodifications are intended to
be enconpassed within the scope of the invention, which is limted only by
the cl ai ns appended hereto. 1231PC -11-
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WHAT IS CLAIMED | S: 1. A clanping apparatus for detachably connecting
atoat unit to a tool supporter, said tool unit having a wall._for engaging
a ’locking elenent, 5 conprising: a housing; a novable |ocking el ement

wi thin said housing; a canister menber nmounted with said 10 housi ng

mat abl e wi t hi | ol unit and having an aperture for adm pid

gui ding said %@%elk ocking el enent through a wall of said %ﬁ%@?’;‘ﬁgﬂf’ock
rod reciprocally novable within said canister menber along an axis (A) and
having a cam 15 portion for nmoving sa2Adgl ocki ng el ement through said
aperture of said canister nenber into wedging and | ocking engagenent with a
wal | of said tool unit, wherein said aperture walls of said canister nenber
are angled with respect to aline (R 20 extending radially with
respect to said axis (A) such that said aperture walls guide said | ocking
el ement into said tool unit wall at a smaller angle that is nore

64b\ 60




parallel to said tool unit wall than if said aperture walls were parall el

to said line (R) for increasing the 25 forceof | ocking and—wedgrag——
engagenent between said | ocking element and said tool unit by increasing a
mechani cal advant age between said | ocking elenent and said tool unit wall.

AMENDED SHEE‘I;P ME’ 2. A clanmping apparatus for detagppikknisio
connecting a 8 t to a tool supporter, said tool unit having a wall

for wedgi ngly engaging a | ocking el ement, conprising: 5

a housing; at |east one novable | ocking g¥gnent wi thin said housing; a

cani ster menber having an exterior that is mtable with said tool unit, and
an aperture for 10 admtting and %Ji ding said_ novable |ocking

el ement through a wall of said nenber; g
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a lock.rod reciprocally nbvable within an interior of™ said canister menber
al‘ong an axis (AR23a®Pavi ng a cam port ion for radiall: Y movi ng sai d | ocki ng
15 el ement through said aperture in 54did canister nenber into a N
mechani cal | y advant ageous wedgi ng and I'ocKi ng engagenerit with said wall of
said tool unit, wherein the walls of said aperture of said canister nenber

are angl ed vm'th respect to a line 20 extending radially fromsaid axis
(A) such that said aperture walls guide said |o —fTito said wall
of said tool unit at a smaller angle that |s\ i ai d tool

unit wall than if said aperture walls were pafa (R) for
I ncr easi ng—the—25— faorce of wedging and | ogkin n nt} bet ween sai d.
19213 Wﬁgre? advant age

| ocki ng eI aid tooI unit by increasin

bet ween sai Him,ﬂ Hﬂuj ‘and said tool unijt wall 3. + cl anpi ng -
appar at us ' wherein said | I sfa | ocking
sphere, and said aperture malls.are angl ed gre but | ess

than 20 with respect to said line (R) extending radially fromsaid axis A
-11-

WHAT IS8 CLAIMED IS:

1. A clamping apparatus for detachably
connecting a tool unit to a tool supporter, said tool
unit having a wall for engaging a locking .element,

5 comprising: '
a housing:; ,
a movable locking element within said
housing:; .
a canister member mounted with said
10 - housing matable within said tool unit and having an
aperture for admitting and guiding said movable locking
element through a wall of said member;
i a lock rod reciprocally movable within
said canister member along an axis (A) and having a cam
15 portion for moving said locking element through said
aperture of said canister member into wedging and locking
engagement with a wall of said tool unit,
wherein said aperture walls of said
canister member are angled with respect to a line (R)
20 extending radially with respect to said axis (A) such
"that said aperture walls guide said locking element into
said tool unit wall at a smaller angle that is more
parallel to said tool unit wall than if said aperture
walls were parallel to said line (R) for increasing the
25 force of locking and wedging engagement between said
locking element and said tool unit by increasing a
mechanical advantage between said 1locking element and
said tool unit wall. ' '

AMENDED SHEET



4.. The clanping apparatus of claim 3, 35 wheria
wal.l is angl ed—be&iéﬂré) Gbout 50 -13- and 60[err] with
line (R exten msaid axis y(A). 5. The

appar at us mm “Nm nonly a si delf sai d aperture Mn,t\ﬂz 1agﬂga e t
t

o5 sald

cunit malsl -*s angl ed. 6. fie cl anpijnd. appar at us f

claim 2, conprising a pair eof said locking elenents, wjerein saird canfst
menber includes a pair of opposing apertures and sai d I cle rod includes aj

pai'r of opposing cam portio

u | udes

ri ind said tooal It p |ag-of
opposi ng wal I's for engagi ng %ai d & ocRFATPENE neARPATA us Th OF ¢ aﬁ% 1y
apparatus of cl a:ianneZ:,ti\quraal hoehl dlna.pertcura waldls supperktgred sabdt bl

and 'sard tool o g | BREE X SATLDe 8 iy BBblatng 4, Fekihg

(R).
5

10

15

20

25

30

element, comprising:

a housing:

at least one movable locking element
within said housing:: o

a canister member having an exterior that
is matable with said tool unit, and an aperture for
admitting and gquiding said@ movable 1locking element
through a wall of said member; o

a lock rod reciprocally movable within an
interior of said canister member along an axis (A) and
having a cam portion for radially moving said locking

@f}gﬁ;ﬁﬁﬁ -

r

element through said aperture in said canister member .

into a mechanically advantageous wedging and locking

engagement with said wall of said tool unit,
wherein the walls of said aperture of
said canister member are angled with respect to a line
extending radially from said axis (A) such that said
aperture walls guide said locking element into said wall
of said tool unit at a smaller angle that is more
parallel to said tool unit wall than if said aperture
walls were parallel to said line (R) for increasing the
force of wedging and 1locking engagement between said
locking element and said tool unit by increasing the
mechanical advantage between said 1locking element and
said tool unit wall. | _ |
3. The clamping apparatus of claim 2,
wherein said locking element is a locking sphere, and

said aperture walls are angled greater than 5° but less

than 20° with resf:ect to said line (R) extending radially'

from said axis A.

35

4. < The clamping apparatus of claim 3,

wherein said toocl unit wall is angled between about 50°

AMENDED SHEET



8. - A -tlanping g tus"_for detachabl y connecti

¥ it a
t oo] supporter, g a wall for wed @f&d @HEi&ﬁﬁf‘
| ocki ng 20 sp b S a housing; at |eas ne novabl e Tokk] ng
sphere within sai afﬂm@ﬂﬂm‘%mg l‘ster member, gount el Yu t?hMAquygg 2p.
[ [ ¢ s 1s matable€"with $ajd too

housi ng and havi n uni't nd an.
aperture having walls for adnittlng and gui di ng said Slpher e
through a wall of said nenber; a Iock rod reciprocal novabl e within jJan 30
interior of said canisteg nenbe al ong an axis (4%%and havi n oprtion‘

for radially novin§ gaﬁa IBE’R‘Pn'g’e§Bﬁ‘é e ot H"F’Guglh1 aflR) % ?8@*@9 rageally
nmechani cal |y advangpggoggiqeseiigpngagement W t h said vval | of said tooI

fa

unit that is angled with respect to a line (R extendlgg railally
fromsaid axis (A) to lock sard unp® t & anl%?%? HeHber © ’
wherein only a side of said aperture wall adjacent to
5 said tool unit wall is angled. '

6. The clamping apparatus of claim 2,
comprising a pair of said locking elements, wherein said
canister member includes a pair of opposing apertures and

- said lock rod includes a pair of opposing cam portions
10 and said tool unit includes a pair of opposing walls for
engaging said 1ocking elements. o

7. The clamping apparatus of claim 2,
wherein said aperture walls are angled about 10° with
respect to said line (R) extending radially from said

15 axis (A), and said tool unit wall is angled about 55°
with respect to said line (R).

- 8. A clamping apparatus for detachably
connecting a tool unit to a tool supporter, said tool
unit having a wall for wedgingly engaging a locking

20 sphere comprising:
a housing;
at least one movable 1ocki_.ng sphere
within said housing:; :

. a canister member mounted within said

25 housing and having an exterior that is matable with said
tool unit, and an aberture having walls for admitting and
guiding said movable locking sphere through a wall of
said member, :

_ a lock rod reciprocally movable within an

30 interior of said canister member along an axis (A) and
having a cam portion for radially moving said locking
sphere through said aperture into a wmechanically
advantageous wedging engagement with said wall of said

~tool unit that is angled with respect to a line (R)

35 extending radially from said axis (A) to. lock said unit

to said canister member; '

AENDTD SHRZT



-14 ~whrerein the walls of the aperture of said cani St pr—tfrem Bl
angl ed wth%pe&&_&we (R) such that said aft BNTSHEE e

saldlocklng into said tool unit wall at a sng]l ;

is nore paral mwammﬁ unit. wall than_if theet wWegr §
parallel to s !JI "’I ncreasi ng t hel#5rce of 3 ﬁﬁ ng 't odki ng
engagenment between sai | dcki ng sphere and said tool furt-t—wablloy .

i ncreasi ng the nmechani cal advantage between said sph:re 10

tool unit wall. 9. The cl anpi a

aperture walls are angl ed bet wee%ga %gﬁ gﬁerr ando%S?Ié'

said radial |ine ¢RRister mahker camrmlrﬁ? aami&damh G‘fesz-?elca.l ko 9a14511ne

wherein said tool gRi tey@] | thatand Q%atlslso J:Tsle ]

with respect to salz I|ne g%\ exten?jng radra ?Iy rom égfr,_g axi s°?A 8%%‘9

The clanping apfBReFesinge said $r0d upddr sallsaty apspalier wangke gthat

angl eflI ab?us 10[e55] wérid) QQralleIe%Becéal@ A | uAet (Wa1axt eRGhNGE the

radratly tromsal aperture walls were parallel to said 1line (R) for
increasing the force of wedging and locking engagement
between said locking sphere and said tool unit wall by
increasing the mechanical advantage between said sphere

10 and said tool unit wall.

9. The clamping apparatus of c¢laim 8,

wherein said aperture walls are angled between about 7°

and 15° with respect to said radial line (R) .
10. The clamping apparatus of claim 9,

15 wherein said tool unit wall is angled between about 50° .

and 60° with respect to said line (R) extending radially
from said axis (a).
11. The clamping apparatus of claim 8,
wherein said aperture walls are angled about 10° with
20 respect to said line (R) extending radially from said
axis (A), and said tool unit wall is angled about 55°
with respect to line (R).
_ 12. An improved <clamping apparatus for
detachably connecting a tool unit to a tool supporter,
25 wherein said apparatﬁs is of the type having a housing, a
canister member mounted with said housing that is matable
with a tool unit and which includes at least one aperture
for admitting a locking element, and a lock rod that is
reciprocally movable along an axis (AI) and that has a cam
30 portion for moving the locking element radially through
said canister aperture into a mechanically advantageous
wedging and locking engagement with a wall of said tool
unit that is angled with respect to a line (R) extending
radially from said axis (A), the wall of said canister

-

Al '-l-a be..'J s



a‘xi..s €A), and said tool unit wall is angled about 55[err] with respect to
liné (R. 12. APR31F@proved clanping apparatus. for detachably
connecting a tool unit to a tool supporter, 25 wherein said appar at us
i s of the type—having—a housing, a canister, yenber nmounted with said

~ housing that is : ' gt ool unit amf which includes at |east one
aperture for aa ﬂ mm lui l; element, and a lock rod that is
nmovabl e

reci procal ly alomg an axis (A) and that has a cam 30 portion
f'or moving the | Qcki el radi.gl Ly j.Rro | ni st er rture into
a nechanically & geecgoﬁs é’@rr?dﬁ'g%d wltl%é’kll*%% p:e?&ggé‘%e%%@qﬁlmgﬁeof _

said tool unit t(R), iwhexrejredhe ihprovementtcowmprises¢{R) extending radially
fromsaid axis (A), the wall of g&gﬁ 1N s o -l AP el i
paral lel with respect to said re ) ﬁcélangé?'%z me%lﬁiﬁ; %éhli.grrgﬁgverrenter
conprises: apertthat a9 angldedawitBarespect neaberidhrrdial bing eRhisusrh

respect tg said ¢yt Baid pdrtur®'alls guide said locking element into
' said tool unit wall at a smaller angle than if the
aperture walls were parallel to said 1line (R) for
increasing the force of locking and wedging engagement
between said locking element and said tool unit by
10 incfeasing the mechanical advantage between the locking

| element and the toecl unit wall. .

13. The clamping apparatus of ‘claim 12,
wherein said loéking element is a 1locking sphere, and
said aperture walls are angled between about 7° and 15°

15 with respect to line (R) extending radially from said -
' axis (4).
14. The clamping apparatus of claim 12,

wherein said tool unit wall is angled between about 50°

and 60° with respect to said line (R) extending radially

20 from said axis (a).
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5 i hhaé,s'" L@éﬁﬁﬁENILSm: gui de said | ocking elenent into said tool

unit wall at}al smaller angl g tlhan i-f the aperture walls wer eRERLA
said line ( f orl i ENEWSVNg tlhe force of | ocking and wedgi ng enggggﬂﬁﬁﬁfff

bet ween sai d} | pcki ng el enent} and sai d tool wRrt by 10 i ncreasing the
mechani cal aplvantage between tjhe | ocking el enent and the tool unit wall.
13. The cl | of claim 12, wherein said | ocking el enent

is a locking sphere, and said aperture walls are angled bet ween about
7[err] and 15[ er 4,708,040 iid,[T47o I3Edt 4, 836 A68¢ RANAxt P32 N2PF adkash P& r om

said axis (A). 14nilie id AN iRMeAPRY Renhafbtal aTAt]121088€E81 In SEAE-IRY,
unit wall is angled between about 50[err] and 60[err] with respect to said
line (R extend REEYHARL20 fromsaid axis (A). '

Such a prior art clamping mechanism is
5 illustrated in Figure 4. Here, a side, cross-sectional
view of the distal end : 53 of a canister member 39 is
shown which includes an aperture 54a in the form of a
cylindrical bore through the wall of the member 39. The
inner diameter of the circular bore forming the aperture
10 54a closely approximates the outer diameter of the
spherical locking element 57a. A reciprocdating lock rod
60 includes a cam portion 64a having a spherical
depression 66 which tapers off into a ramp 68. When the
spherical locking element 57a is seated in the depression
15 66, and the lock rod 60 is moved against the bias of the
springs 74 (shown in Figure 3) toward the distal end of
the canister member 39 so that its stop flange 70 is in
the position illustrated in Figure 3, the spherical
element 57a is in a non-locking position. This unlocking
20 position allows the tubular shank 16 of a toecl unit 10 to
be inserted into the annular recess 59. However, when
the springs 74 are released to pull the lock rod 60 away
from this position toward the position illustrated in
Figure 4, the ramp of the cam portion 64a wedgingly
25 engages and radially raises the spherical locking element
' 57a into the locking position shown. In such a position,
the spherical locking element will wedgingly and
lockingly bear against the angled wall 30 of the tool
unit 10. '
30 _ While such a prior art locking mechanism has
| proven its capability of quickly, conveniently, and
rigidly attaching a tool unit to a tool supporter, the
applicant has cbserved an area where the'performance of
such a mechanism could be substantially improved.
35 Specifically, the applicant has observed that if the
| clamping mechanism could be modified to increase the
clamping force applied to the tool unit without



Y

10

15

20

25

30

35

REPLACEMENT SHEFT]

1 1ROV 1997 -

REPLACEMENT sk

locking spheres 57a,b wedgingly and lockingly engage the
angled walls 30 at angle B, shown as-a 35° angle.

By contrast, in the clamping mechanism of the
invention shown in Figure 5, the walls 56 of the
apertures 55a,b of the canister member 39 are inclined at
an angle C with respect to a line R radially extending
from the axis A. In the preferred embodiment, the angle

C is between 5° and 20°, and is more preferably between

10° and 15°. Consequently, when the ramp 68 of each of
the cam portions 64a,b of lock rod 60 radially pushes the
locking spheres 57a,b outward toward the tool unit 10,
the angled walls 56 of the apertures 55a,b guide the
spheres into the angled walls 30 of the tool unit 10 not

at an angle B of approximately 35°, but rather at a
smaller angle D which is between about 15° and 25°, and
most preferably 20°. The smaller engagement angle (i.e.,

20° versus 35°) between the proximal end of the locking
spheres 57a,b and the angled wall 30 of the tool unit 10
creates a greater mechanical advantage in the wedging
action between the rounded surface of the spheres 57a,b
and the angled walls 30 of the tool unit 10. This
greater mechanical advantage results in a clamping force
that, is on the order of 30% higher than the clamping
force generated by the prior art clamping mechanism
illustrated in Figure 4 when the same number and type of
Bellville washers 74 are used. Alternatively, the '
clamping mechanism 35 illustrated in Figﬁre 5 would be
capable of generating the same amount of clamping force
as the Figure 4 clamping mechanism with a spring package .
comprising either a fewer number of Bellville washers 74,
or washers 74 that were smaller, thereby shortening the
envelope of the mechanism 35. The clamping mechanism 35
of Figure 5 can also increase the longevity of the
Bellville washers 74 used in the spring package by
reducing the amount of stress and fatigue that the



