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Claim

I A cutting tool for rotary machining operations comprising:

a tool holder, a leading end thereof having a substantially rigid support
jaw formed with an insert supporting scat having a jaw support surface and
a pair of jaw abutment walls diverging from a jaw apex. and juxtaposed
with respect to said support jaw, a resiliently displaccable clamping jaw
having a jaw clamping surface juxtaposcd with _espect to the jaw support
surface, said jaws defining between them an insert receiving slot and being
formed with aligned screw receiving bores,;

a clamping screw adapted to be screw coupled i said bores so as to
bias said clamping jaw towards said support jaw: and

a cutting insert having a cutting portion and an integrally formed body
portion adapted to be received in said slot, said insert body portion having
an insert clamping surface, an insert support surface oppositely disposed
with respect to said insert clamping surface, the arrangement being such that

upon screw coupling of said screw in said bores so as to pass through the
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insert receiving slot said resilient jaw is displaced so as 1o clamp said insert
body portion to said supporl jaw,

characteriscd in that

said jaw apex constitutes a jaw abutment apex and is disposcd adjacent
a leading end of said support jaw, and

a recess is formed in said body portion, diverging outwardly from said
cutting portion and having side walls formed with inscrt apical and side
abutting portions such that when said insert is supported by said insert
supporting scat of the support jaw it is located in a predetermined position
by respective abutment of said jaw abutment apex and walls against the

mscert apical and side abutting portions.

s A cutting insert for usce with a cutting ol ot anv of the
preceding Claims, the insert having a cutting portion and an integrally
tormed body portion adapted to be mounted in an insert receiving shot
tormed in a tool holder;

said insert body portion having an insert clamping surface and an
msert support surface oppositely disposed with respect to said insert
clamping surface, characterised in that

a recess s formed in said body portion, diverging outwardly from said
cutting portion and having side walls formed with inscrt apical and side

cbutting portions.
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A CUTTING TOOL

FIELD OF THE INVENTION

The present invention relates to a cutting tool consisting of a tool
holder and a replaccable cutting mscrt mounted therein to be used in rotary
machining operations. The present invention is particularly concerned with
tools such as for use in milling and drilling, in particular, end milling and
drilling for profile machining of shaped surfaces, narrow slots, rounded
grooves or corners, curved three—dimensional surfaces, cte. and to inserts for

use in such tools.

BACKGROUND OF THE INVENTION

A cutting tool of the kind to which the present invention refers
compriscs a tool holder having an insert receiving slot and a cutting insert.
e.g. of a ball-ended tvpe, replaccably mounted therein.  In view of the
substantially circular shapc of the cutting cdge of such an inscrt in the tool
the cutting force components acting on the cutting cdge arc of relatively
great value and the tool has to be designed so as to ensure that position of

the insert in the tool holder is ctfectively and accuretely fixed and that the

cutting insert itsclf is of sufficient strength.
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Tools of such a kind arc disclosed, for example, in E.P. 2160064
and U.S. 4,566,828. Thus, a metal cutting tool disclosed in U.S. 4,566,828
consists of a tool holder having a pair of clamping jaws defining therebe-
tween an insert recciving slot and a replaceable disk-like cutling insert

5 mounted in the slot.  The insert is sccurcd in the holder by means of a

clamping screw pencetrating through screw bores formed respectively in the
jaws and in a body of the inscrt. In order to replace the cutting insert the
clamping screw has to be completely screwed out of the cutting tool,
rendering such replacement operation time consuming. Furthermore, where

10 the cutting insert is relatively small, as is the cutting tool, such manner of
clamping has disadvantages connected with the necessity of forming in such
small cutling insert a screw receiving bore, which, on the one hand, limits
manufacturing possibilitics for such inserts and, on the other hand weakens
the insert.

15 It is the object of the present invention to-provide an improved
cutting tool, wkherein a cutting insert is mounted in a tool holder in a new,
effective manner enabling an casy and quick replacement of the insert in the
tool, and an insert particularly suitable for such a tool especially for profile
machining of shaped surfaces.

20
SUMMARY OF THE INVENTION

In accordance with the present invention there is provided a
cutting tool for rotary machining opcrations comprising:
a tool holder, a leading cnd thercof having a substantially rigid support

25 jaw formed with an insert supporting scat having a jaw support surface and
a pair of jaw abutment walls diverging from a jaw apex, and juxtaposed
with respect to said support jaw, a resiliently displaccabie clamping jaw

having a jaw clamping surface juxtaposcd with respect to the jaw support
g g J p _
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surface, said jaws defining between them an insert receiving slot and being
formed with aligned screw recciving bores;

a clamping screw adapted to be screw coupled in said bores so as 1o
bias said clamping jaw towards said support jaw; and

a cutting inscrt having a cutting portion and an integrally formed bodv
portion adapted to be reccived in said slot, said inscrt body portion having
an inscrt clamping surface and an insert support surface oppositely disposed
with respect to said insert clamping surface, the arrangement being such that
upon screw coupling of said screw in said bores so as to pass through the
msert receiving slot said resilient jaw is displaced so as to clamp said insert
pody portion to said support jaw,

characterised in that

said a jaw abutment apex constitutes a jaw abutment apex and is
disposed adjacent a leading end of said support jaw, and

a-recess is formed in said body portion, diverging outwardly from said

cutting portion and having side walls formed with inscrt apical aind side
abuatting portions such that when said insert is suppoited by said insert
supporting scat of the support jaw it is located in a predetermined position
by respective abutment of said jaw abutment apex and walls against the
insert apical and side abutting portions.
There is also provided in accordance with the present mivention
a cutting insert for use with the above cutting tool having a cutting portion
and an integrally formed body portion adapted to be mounted in an insert
receiving slot formed in a tool holder;
said sert body portion having an insert clamping surface and an
insert support surface oppositely disposed  with respect to said insert
clamping surtace, a recess formed in said body portion, diverging outwardly
from said cutting portion and having side walls formed with insert apical

and side abutting portions.
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Preferably, the jaw and the insert clamping surfaces slope
dewnwardly towards the respective jaw and insert support surfaces in the
aircction of the leading end thereof so as upon the screw coupling of said
screw in said bores to bias the insert inwardly against the inserl receiving

D sedt

Preferably, the jaw clamping surface is of a concave shape and
consists of mutually inclined clamping surface portions diverging in the
dircction away from the leading end of said support jaw and slanted with
respect to the jaw support surface, the insert clamping surface being of a

FO convex shape and comprising two insert clamping surface portions disposed
m 4 manner corresponding to the jaw clamping surface portions.

Preferably, the recess is formed with a notch adjacent the insert
support surface, a wall of the notch constituting said apical abutting portion,
and the walls of said recess arc substantially recessed with respect to the

IS insert abutting portions ensuring thereby that a contact between the insert
and the jaw abutting surfaces is at predetermined locations and that an area
of such contact is decreased.

Thus, such construction of a cutting tool with a specific,
Forseshoe=like manner of mounting an insert in a tool holder, ensures that

200 an accurate positioning of the cutting insert in the tool holder and an
cffective clamping of the insert in this position can be achicved casily and
quickly and a replacement of the insert can be cffected without the necessity
of screwing a clamping screw completely out of the tool.

Furthermore, the present invention enables designing the cutting

25 ol so as to ensure that locations of contact between an insert and an insert
receiving slot are most suitable for a specific gecometry of insert cutting

edees
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Thus, a cutling insert according to the present invention may be

of the kind in which

at least a leading end of said inscrt body portion has a part disk shape
and comprises a top surface, a bottom surface, the cutting portion being
defined therebetween along a periphery of said leading end:

said cutting portion comprising a top and a bottom cutting cdge
disposed on two sides of a longitudinal axis of the insert, at lcast one of the
cutting edges being of a substantially helical shape and being located on a
segment of a spherical surface, cach cutting edge being defined between a
chip forming surface constituted by a respective portion of the top or bottom
surface and a relicf flank surface and extending from a cutting cdge front
extremity disposed at a- front end of the cutting portion adjacent the
longitudinal axis of the insert to a cutting cdge trailing extremity disposed
at a lateral end of the cutting portioit of the insert.

Preferably, the top cutting edge front extremity is substantially
closer to the longitudinal axis of the insert than the bottom cutting cdge
front extremity enabling thereby said top cutting edge to cut a workpicce in
a central cutting arca. In consequence with such asymmetric construction of
the cutting portion of the insert, the jaw and the insert abutment and
clamping surfaces arc of an appropriate asymmetric design. Thus, a recess
side wall adjacent the top cutting edge and a corresponding jaw abutment
edge are desigried to intersect the longitudinal axis of the tool so that an area
of contact of the jaw abutment apex with the insert recess is located
eccentrically with respect to the longitudinal axis

Thus, the present invention cnables clamping a cutting insert
having specific cutting cdge geometry in a tool holder of a cutting tool in

a manner most advantageous for such geometry allowing to achieve

maximal resistance of the tool and the insert against machining forces.,




-6 -

BRIEF DESCRIPTION OF THE DRAWINGS
For a better understanding of the present invention and to show
how the same may be carried out in practice reference will now be made to

the accompanving drawings, in which

‘I

Fig. 1 is an exploded view of a cutting tool, according to the present
mnvention;

Fig. 2 is a longitudinal cross-scctional view of a tool holder shown in
Fig 1

Fig. 3 is a cross=scctional view along the line HI=11T of the tool holder

5.

g 2

—

O Shown in
Fig. 4 is a cross=scctional view along the line IV=1V of the tool holder
shown in Fig. 2;
Fig. 5 is a cross=scctional view aloiig the line V=V of the tool holder
shown in Fig. 3;
I3 Fig. 6 is a cross=scctional view along the line VI=VT of the tool holder
shown in Fig 3,
Fig. 7 is a top view of an inscrt, according to the present invention,
shown in Fig. I,
Fig. 8 is a front view of the insert shown in Fig. 1;
20 Fig. 9 is a side view of the insert shown in Fig. 1:

Fig. 10 is a perspective view from the bottom of the insert shown in

Fig. 11 is a cross=scctional view along the line XI1=-XT of the insert

-

shown in Fig. 7.

[
'

Fig. 12 1s a cross=scctional view along the line X11=-XII of the insert
shown in Fig. 7;
Fig. 13 is a cross=scctional view along the line NXIH=-XNII of the insert

shown in Fig. 7
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Fig. 14 1s a cross—scctional view along the line NIV=-XIV of the inscrt
shown in Fig. 7,
Figs. 15 and 16 illustratc a manner of assembling the cutting tool

shown in Fig. 1;

'

Fig. 17 is a cross=scctional view along the line XVII-XVII of the

cutting tool shown in Fig. 16.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
The component clements of a rotary ball-nose end mill tool. in
[0 accordance with the present invention, 1s shown in Fig. 1. The tool
comprises a tool holder | having a lcading end 2 formed with a substantially
rigid support jaw 3 and, juxtaposed with respect thercto a resiliently
displaccable clamping jaw 4, the jaws 3 and 4 defining between them an

insert receiving slot 3.0 A replaceable cutling insert 6 has a cutling portion

‘7

7 and an integrally formed body portion 8 adapted to be received in the slot

‘N

and clamped therein by clamping screw 9 having a head portion 10 and

e

cvlindrical portion 11 with a screw thread portion 12 at the end thereof
remote from the head portion 10).

As scen in Figs. 2, 3, 4, 3 and 6 illustrating the lcading end 2 of

20 the tool holder 1. the support jaw 3 is formed with an insert supporting scat

3" having a jaw support surface 13 and a pair of jaw abutment walls 13, 16

(Fig. 3) diverging from a jaw abutment apex 17 adjacent a leading end 18

of the support jaw 13 and forming thereby a prismatic shoulder for

positioning the insert in radial direction.  The jaw abutment wall 15 is

o

'

longer than the jaw abutment wall 16 and intersects a longitudinal axis A of
the tool. The clamping jaw <4 has a jaw clamping surface 14 juxtaposcd
with respect to the jaw support surface 13. The jaw clamiping surface 14 is
of a prismatic, concave shape (Figs. 4. 5, 0) and consists of mutually

inclined clamping surface portions 20 and 21 merging along a line 14,
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diverging in the direction away from the lc'udilig end I8 of the support jaw
and slanted with respect to the jaw support surface 13 at agcies 3. seen in
cross=scctions of the tool holder along the lines TV=IV and V-V normal to
the Jaw abutment walls 15 and 16. In consequence of such disposition of the
clamping surfuce portions 20 and 21 their front portions adjacent the fine 14
define angles ez with the .s'upport.surfacc 13 (Fig. 4) and slightly slope at
angle v (Figo 2) towards the jaw support surface 13 in the direction of the
lcading end 18 of the support jaw, thereby cnabling the insert receiving slot
S 1o function as a double clamping wedge.

The jaws 3 and 4 are formed with aligned screw bores 23 and 24
for 1eceiving therein the clamping screw 9. The screw bore 23 is formed
in the support jaw 3 and is internally threaded being adapted to cooperated
with the screw thread portion 120 The screw bore 24 s formed in the
clamping jaw 4 and is countersunk with an outwardly tapering portion 26
having o maximal diameter  greater than a maximal - cross=sectional
dimension of the serew head 10 and a cylindrical portion 27 adapted to
frecly receive the serew evlindrical portion 11, The tapering portion 26 has
¢ bore clamping raised portion 28 which is innermost with respect to a
clamping jaw leading end. The screw bores 23 and 24 are slightly inclined
towards the leading end 2 of the tool holder.

As seenin Figs. [ and 2, the clamping screw Y is provided with
A snap ring 30 adapted to be received ina groove 31 formed in the screw
cvlindrical portion 11 so that a distance between the screw head 10 and the
snap ring 30 is greater than a height of the cvlindrical portion 27 of the
screw bore 24

he cutting insert 6 has a prismatic shape and is shown in Figs,
TSV and 100 A leading end 8" of the insert body portion S has a part disc
shape and o terminal end 8" of the insert body 8 is of a hoiseshoe=like

shape  The insert body portion 8 has a top surface 33 and a4 bottom » face
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Sothe msert culting portion 7 being located along a peripher: of the insert
0

The insert cutting portion 7 s designed so as to provide for
cutting along cutting edges 36 and 37 of a substantially helical shape and
located on a true spherical surface allowing thereby for machining of a
workpicee surface in accordance with computer instructions. The spherical
sutfuce seaments are schematically designated by 1 and [ (Fig. 7) and arc
disposed on two sides of the longitudinal axis A of the insert, the spherical
surface having its center O on the longitudinal axis Ao The cutting edges
Aocand 3T are located adjacent cither top 33 or bottom 34 surtace of the
msert hody N thus constituting top and bottom cutting edges 36 and 37 and
are defined between respective chip forming rake surfaces 46 and 47 and
rehief lank surfaces 33" and 33" Each cutting cdge 36, 37 extends from a
cutting edee front extremity 38, 39 disposed at a front end 40 of the cutting
pottion 7 adjacent the longitudinal axis A to a cutting cdge trailing extremity
41 42 disposed at a lateral end 43 of the cutting portion 7. In the described
preferred embodiment the top cutting edge front extremity 38 is substantially

closer to the longitudinal axis A of the insert than the bottom cutting ¢dge

>

tront extremity 39 and has a configuration enabling the top cutting edge 3¢
o cut @ workpieee ina central cutting arca. Portions of the top 33 and
bottom 34 surfaces adjacent respectively the top and bottom cutting edges
oand 37 constitute the chip forming rake surfaces 46 and 47 (Figs. 7. 10)
ot the cutting portion 7 of the insert.

A rake angle d s preferably positive and varies along the cutting
cdee 30 fromits small value O at the front end 40 of the cutting portion 7
tow greater value O+ at the lateral end 43 of the cutting portion 7 (Figs. 11
and 12) The relief flank surfaces 35" and 35" adjacent the cutting edges 36
and 37 are formed so - as o provide aconstant reliet from an - internal

sphenical surtace of @ workpicee during rotation of the tool. Thus, a three
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dimensional cutting geometry is provided around ihic cutting edges enabling
to improve chip formation in a broad range of cutting speeds and to
strengthen o cutting wedge Woadjacent the cutting edges, which is particu—
larlv important for a central cutting arca wurking under conditions of zero
speed and iigh friction forces.

The insert body portion 8 to be positionee in the insert supporting
scat 3" of the support jaw 3 and clamped thercto by the clamping jaw 4 has
an sert support surface 31 (Fig. 10) formed in the insert bottom surface 34
and adapted to be supported by the jaw support surface 13 and an insert
clamping surface 49 formed in the insert top surface 33 and being of a
convex shape corresponding to the concave shape of the jaw clamping
surface 14 Thus, the insert clamping surface 49 consists of two mutually
inclined insert clamping portions 30 merging along a line 30 diverging in
the direction away from the front end 40 of the cutting portion and slanted
with respect to the insert support surface at angles g, and . (Figs. 13 and
I4) which are equal or slightly less than the corresponding angles 3 of the
jaw support surface 13. As scen in Fig. 9, the insert clamping portiens 30
slope downwardly towards the insert support surface 31 in the direction of
the front end 40 of the cutting portion 7 in a manner corresponding to that
of the jaw clamping surface portions 20 and 21.

Fhe insert body portion 8, scen better in Figs. 10 and 17, is
formed with a concave recess 32 diverging outwardly from a recess apex 32
disposed adjacent the front end 40 of the insert cutting portion 7 and having
an insert apical abutting portion 33 and side walls 33 and 34 recessed with
respect to projecting side abutting portions 36 and 57 The reeess 32 s
formed with a notch 38 having a stepped configuration and formed adjacent
the insert support surface 31 so that its wall constitutes the insert apical
abutting portion 33 In consequence of the above=described asymmetric

construction of the cutting portion 7 of the insert, the insert recess 32 and.
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in particular, its abutting portions arc of an appropriate asymmetrie design

with respect to the axis A and the insert apical abutting portion 33 is located
cceentrically with respect to the center O of the spherical surfacc.

The clamping screw 9 is inserted into the screw bores 24 and 23

3 of the clamping and support jaws 4. 3 of the tool holder 1 (Fig. 2) so that

the screw thread portion 12 engages the internally threaded screw bore 23,

the snap ring 30 is placed in the groove 31 of the clamping screw cvlindrical

portion 11.

When the insert 6is received in the siot 3 being positioned in the

[0 insert supporting scat 3' (Fig. 13, 16, 17), the jaw abutment apex 17 and

walls 153 and 16 of the support jaw 3 abut against the inscrt apical abutting

portion 33 and side abutting portions 36, 37 cnsuring thercby an accurate

and repeatable positioning of the cutting insert 6 in the tool holder 1. Due

to the outwardly sloping shape of the recess walls 33 and 54 and the stepped

I3 recess notch 38, the insert and the support jaw contact cach other at

predetermined locations ensuring thereby a firm positioning of the insert

with respect to components Ry, Ry and Ry of machining force F. The

ceeentric position of contact between the insert apical abutting portion 33

and the jaw abutment apex 17 which is designed in consequence of the

20 asvmmetric shape of the cutting portion 7 improves the insert stability

during mactining.
Upon the complete insertion of the screw thread portion 12 in the
threaded screw bore 23 and conscquent bearing of the clamping screw head

10 against the clamping raised portion 28 of the countersunk screw bore 24,

| ]
‘N

the resilient clamping jaw 4 is displaced so as to clamp the insert body
portion 8 to suppert jaw 3 (Fig. 16). Due to the wedge configuration of the
insert clamping surface 49 and thc jaw clamping surface 14 the latter biases
the insert into abutment against the insert supporting scat so that an ctfective

clamping of the insert in its position is thereby achicved.
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When the insert | is to be replaced, the clamping screw 9 is
released and slightly screwed outwardly so as to cause the snap ring 30 to
bias the clamping jaw 4 away from the insert clamping surface 30 thereby
widening the insert receiving slot 3 rendering it ready for removing and
replacing the insert. Thus, an casy and quick replacement of the insert can
be effected without the necessity of removing the clamping screw out of the
cutting tool. |

[t should be noted that the cutting tool according to the present
mvention may be used with inserts of different types and can have features
ditferent from those shown in the above described drawings.  Thus, the
clamping jaw may be formed as a scparate part rather than being formed
inteerally vith the tool holder. The jaw and the insert support surfaces may
be curved, ¢.g. concave or convex. The jaw clamping surface may have a
convex configuration with the insert clamping surface being consequently
concave. The arcas of contact of the insert recess with the jaw abutment

surfaces may be at locations different from those described above, c.

(%4
o>

disposed symmetrically with respect to a longitudinal axis of the tool,

depending on a specific configuration of the insert cutting portion.




THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:
L. A cutting tool for rotary machining operations comprising:
a tool holder, a leading end thercof having a substantially rigid support
jaw formed with an insert supporting scat having a jaw support surface and
5 a pair of jaw abutment walls diverging from a jaw apex, and juxtaposed
with respect to said support jaw, a resiliently displaccable clamping jaw
having a jaw clamping surfacc juxtaposed with respect to the jaw support
surface, said jaws defining between them an insert receiving slot and being
formed with aligned screw recciving bores;
10 a clamping screw adapted to be screw coupled in said bores so as to
bias said clamping jaw towards said support jaw; and
a cutting insert having a cutting portion and an intcgrally formed body
portion adapted to be received in said slot, said insert body portion having
an insert clamping surface, an inscrt support surface oppositely disposed
15 with respect to said inscrt clamping surface, the arrangement being such that
upon screw coupling of said screw in seid bores so as to pass through the
insert receiving slot said resilicnt jaw is displaced so as to clamp said insert
body portion to said support jaw,
characterised in that
20 said jaw apex constitutes a jaw abutment apex and is disposcd adjacent
a leading end of said support jaw, and
a recess is formed in said body portion, diverging outwardly from said
cutting portion and having side walls formed with inscrt apical and side
abutting portions such that when said insert is supported by said insert
25 supporting seat of the support jaw it is located in a predetcrmined position
by respective abutment of said jaw abutment apex and walls against the
insert apical and side abutting portions.
2. A cutting tool according to Claim 1, characteriscd in that the jaw

and the inscrt clamping surfaces slope downwardly towarg!s the respective
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jaw and insert support surfaces in the direction of the Icading end thercof so
as upon the screw coupling of said screw in said bores to bias the insert
against said insert supporting scat.

3. A cutting tool according to Claim | or 2, characterised in that

S the jaw clamping surface is of a concave shape and consists of mutually
inclined clamping surface portions diverging in the direction away from the
lcading end of said support jaw and slanted with respect to the jaw support
surface, the insert clamping surface being of a convex shape and comprising
two insert clamping surface portions disposced in a manner corresponding to

10 the jaw clamping surface portions. |
4. A cutting tool according to Claim 1, 2 or 3, éhaructcrised in that
said recess is formed with a notch adjacent the insert support surface, a wall
of the notch constituting said apical abulling portion, the walls of said recess
being substantially recessed with respecet o the inscil abutting portions.

s A A cutting insert for use with a cutting tool of any of the
preceding Claims, the insert having a cutting portion and an intcgrally
formed body portion adapted to be mounted in an insert recciving slot
formed in a tool holder;

said insert body portion hdving an insert clamping surface and an
200 insert support surface oppositely disposed  with respect to said insert

bl

clamping surface, characterised in .t
a recess is formed in said body portion, diverging outwardly from said
cutting portion and having side walls formed with inscrt apical and side

abutting portions.

o
I

0. A culting insert according to Claim 3, characterised in that
at Jeast a leading end of said insert body portion has a part disk shape
and comprises a top surface, a bottom surface, the cutling portion being

focated therebetween along a periphery of said leading end:
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said cutting portion comprising a top and a bottom cutting cdge
disposed on two sides of a longitudinal axis of the insert, at lcast onc of the
cutting cdues being of a substantially helical shape and being located on a
scement of a spherical surface, cach cutting cdge being defined between a
chip forming surface constituted by a respective portion of the top or bottom

ue front

(=

surtace and a relief flank surface and extending from a cutting cd
extremity disposed at a front end of the cutting portion adjacent the
fongitudinal axis of the insert to a culting cdge trailing extremity disposed
at a lateral end of the cutting portion of the insert.

7. A cutling tool for rotary machining operaticns, substantially as
hereinbefore described by wav of example and with reference to the
accompanving drawings.

S. A cutting insert for rotary machining operations, substantially as
hereinbefore described by way of example and with riference to the

accompanving drawings

DATED THIS 12TH DAY OF OCTOBER 1994
ISCAR LTD.

By its Patent Attorneys:
GRIFFITH HACK & CO.

Fellows Institute of Patent
Attorney of Australia
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