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CUTTING INSERT ASSEMBLY AND COMPONENTS THEREGF

CROSS-REFERENCE TO EARLIER PATENT APPLICATIONS

{6081} This patent applications is a continuation-in-part of pending United States
Patent Application Serial No. 11/654,91€ filed on January 18, 2007 by Paul D. Prichard, Linn
&. Andras, and Ted R. Massa for METALCUTTING SYSTEM FOR EFFECTIVE
COOLANT DELIVERY [Docket No. K-2379]. Applicants hereby claim priority based upon
satd 11.8. Patent Application Serial No, 11/654 918 filed on Javuary 18, 2007, Further,
applicants hereby incorporate hergin in its entirety such 118, Fatent Application Serial No.

11/654,918 filed on January 18, 2007.

BACKGROUND OF THE INVENTION

{08821 The subject invention is direcied to metal cutting system and, in particular, o
a metal cutiing system adapted 1o facilitate enhanced delivery of coolant adjacent the
interface between the cotting insert and the workpiece (i.e., the insert-chip interface} to
diminish excessive heat at the inseri-chip interface in the chipforming removal of material
from a workpiece. The subject invention i dirscted further to components of such metal
culting systems. Such components include, for example, a locking pin, a clamp assembly, &

holder, a shim and a cotting insest.

(6003} Metal cotting tools for performing metal working operations generally
comprise a cutiing insert baving a surface terrainating &t a cotiing edge and a tool holder
forred with a seat adapted to receive the insert. The cufting insert engages 3 workpiere to
remove material, and in the process forms clhips of the material. Excessive heat at the insert-
chip interface can negatively impact upon (i.e., reduce or shorten) the useful tool life of the
cutting jnsert.

-

{0064} For example, & chip generated from the workpiece can sometinies stick (2.,
through welding) to the surface of the cutting insert. The build up of chip material on the
cutting insert in this Tashion is an undesirable occurrence that can negatively mpact upon the
performance of the cotting insert, and hence, the overall material removal operation. A flow
of coolant to the insert-chip interface will reduce the potential for such welding, It would
therefore be desirable to reduce excessive heat at the insert-chip interface to eliminate or

reduce build up of chip material,



WO 2012/030484 PCT/US2011/046986

ok

{60051 As anothey example, in a chipforming waterial removal operation, there can
accur hostances in which the chips do not exit the region of the nsert-chip isterface when the
chip sticks to the cutting insert. When achip doss not exit the region of the insert-chip
interface, there is the potential that a chip can be re~cut. It is undesirable for the milling insert
o re-cut g chip already removed from the workipisce. A flow of coolant to the inseri-chip
interface will facilitate the evacuation of chips from the insert-chip intorface thereby

minimizing the potential that a chip will be re-cut.

[3086] There is an appreciation that a shorter useful ool life increases operating cosis
and decreases overall production efficiency. Excessive heat at the inseri-chip interface
contribute 1o the welding of chip material and re-cutting of chips, both of which are
etrimental to production efficiency. There are readily apparent advantages connected with
decreasing the heat at the insert-chip interface wherein one way o decrease the temperature is

to supply coolant to the insert-chip interface,

[6807] Heretofore, systems operate 1o fower the cutting insert temnperature during
cutiing. For example, some systems use externad nozzles to direct coolant at the cutiing edge
of the insert. The coolant serves not only to lower the temperature of the insert but also o
remuove the chip from the eotting area. The nm;.;f.ies are often a distance of one (o twelve
inches away from the caiting edge. This is too far of a distance for effective conling. The
farther the coolant must travel, the more the coolant will mix with air and the less Likely it

will be to contact the toclchip interface.

{0081 11L& Patent No. 6,053,669 (o Lagerberg for CHIP FORMING CUTTING
INSERT WITH INTERNAL COOLING discusses the importance of reducing the heat at the
imgert-chip interface. Lagerborg mentions that when the cutting ingert is made from cementad
carbide reaches a certain temperature, #s resistance to plaste deformation decreases. A
decrease fn plastic deformation resistance increases the risk for breakage of the cotting insert.
LS. Patent No. 5,775,854 to Wertheim for METAL CUTTING TOOL points out that a rise
in the working temperatore leads to a decrease in hardness of the cutting insert. The
consaquence is an increase in wear of the cutting insert.

[B069] Other patent documents disclose various ways (o or systems o deliver coolant

o the insert-chip interface. For example, U.5. Patent No. 7,625,157 o Prichard et al. for

MILLING CUTTER AND MILLING INSERT WITH COOLANT DELIVERY pertainsto a
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cuiting insert that includes & cutting body with a central coolant inlst. The cutting nsert
further includes a positiongble diverter. The diverter has a coolant wough, which diverts

coolant 1oz specific cutting location.

[8018] U8, Patent No. 6,045,300 to Antoun for TOOL HOLDER WITH
INTEGRAL COOLANT PASSAGE AND REPLACEABLE NOZZLE discloses using high
pressure and high volume delivery of coolant to address heat at the insert-chip interface. U5,
Fatent Mo, 6,652,200 1o Krasmer for 2 TOOL HOLDER WITH COOQLANT SYSTEM
discloses grooves between the cutting insert and a top plate. Coolant flows through the
grooves (0 address the heat at the insert-chip interface. 1S, Patent No. 5,901,623 to Hong
for CRYOGENIC MACHINING discloses a coolant delivery system for applying ligmd

nitrogen to the insert-chip interface.

SUMMARY OF THE INVENTION

10611} The inventor(s) have recognized the problems gssociated with conventional
cooling apparates and have developed av Inser? assembly that works with a conventional
coolant system to deliver condang to a cutting insert that addresses the problems of the prior
art,

{66123 In one Torm thereof, the invention 1S a cutfing assembly for use in an operation
for chipforming removal of material from g workpiecs, The cutting assembly comprises a
holder that has g seat and a coolant delivery passage. A locking pin, which has a longitudinal
focking pin bore, affixes 1o the seat so the lopgitndinal locking pin bore is in cormpwnication
with the coolant delivery passage. A cutting insert has a rake sorface, 2 flank surface, and a
cuiting sdge at the intersection of the rake susface and the flank surface. Thecutting edge has
a comner cutting edge region. The cutting insert has a centrad cutiing insert aperture. The
cutiing insert contains a radial coolant trough with an orientation toward the corner cutting
edge region. At least a portion of the locking pin is within the central culting insert aperture.
A clamp assembly attaches to the bolder and engsges the cutting insert. The clamp assembly
has a diverter plate with a bottom surface defining a diverter bowl and a diverter channel.
The longitudinal locking pin bore opens to the divertar plate whereby coeclant flows inie the
diverter bowl and through the diverter channel into the radial coolant trough toward the

cormer cufting edge region.
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[6913] in another form thereof, the invention is a cutting insert assembly for use inan
operation for chipforming removal of material from a workpiece. The cutting insert assembly
aitaches to a holder containing a coolant delivery passage. The cuiting insert assembly
comprises a Jocking pin, which has a longitudinal locking pin bore, being affixed to a seat in
the holder so the longitudinal locking pin bore is in communication with the coolant delivery
passage. A cutling insert has a rake surface, a flank surface, and a cutling edge at the
intersection of the rake surface and the flank surface wherein the cutting edge has a corner
cutting edge region. The cutting insert has a central cutting insert aperture. The cotting insert
contains a radial conlant trough with an orieniation toward the corner cutling edge region. At
ieast a portion of the [ocking pin is within the ceniral cutting insert aperture. A clamp
assermbly attaches o the holder and engages the cutting insert. The clamp assembly has a
diverter plate with a bottom surface defining a diverter bow! and a diverter channel. The
longitudinal locking pin bore opens to the diverter plate whereby coolant flows into the
diverter bowl and through the diverter channel info the radial coolant wough toward the

corner cutting edge region.

{0014] In yet another form, the invention is a Jlocking pin for ase with a holder having
a coolant delivery passage. The locking pin comprises a locking pin body having an inlet end
in communication with the coolant delivery passage and an outlet end. The locking pin body

containing a longitadinal coolant bore extending from the inlet end to the outlet end thereof.

8015 In still another form, the invention is a cutting insert for use in a chipforming
material rernoval operation. The culting insert comprises a cutting insert body having a rake
face and a flank face, a corner cutting region at the intersection of the rake face and the flank
adjacent corresponding corpers thereot, The corner cutling region has a peripheral edge. The
cutting insert body contains a central aperture, The rake face contains a coolant delivery
trough. The coolant delivery trongh has a radial orientation foward a corresponding corner
cutting region. The coolant delivery trough has a radial outward end terminating at the
peripheral edge and a radial inward end opening into the central aperture. There is a pair of
lateral topographic regions wherein the one lateral topographic region is along one side of the
coolant delivery trough and the other lateral topographic region is along other side of the

coolant delivery trough.
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FO81 6] In yer another form, the invention ig a cutling asserbly for use in an operation
for chipforming removal of maitcrial from a workpiece. The cutting assvmbly comprises a
holder, which bas 'z seat-and contsins a coolant delivery passage. The assembly includes a
cutting insert, which has a rake surface, a flank surface, and a cotting edge at the intersection
of the rake surface and the flank surface. The cotting edge has a corper cutiing edge region
and a centrad cutting insert apertgre, The cutling insert contains a radial coolant trough with
an orientation toward the corner entting edge region. The assembly includes a clamp
assembly, which aitaches o the holderand engages the cutting insert. The clamip assembly
has a diverter plate, which has a botiom surface defining a diverter bowl and a diverter
channel. The diverter bowl receives coplant from the cocdant delivery passage and the
diverter channel directs conlant received into the diverter bowl toward the carner cutting edge

region.

BRIEF DESCRIPTION OF THE DEAWINGS

(6017} The following is a brief deseription of the drawings that form a parnt of this

pafent application:

o818} TG 1 is an exploded view of the invention with rake face cooling only;

LGEER FIG: 2 15 an exploded view of the invention with rake and flank cooling;
20 FIG. 3 12 a perspective view of the invention with rake face cooling and jets;
a2 FIG. 4 s a perspective view of the preferred embodiment of the invention with

high volume flank cooling, rake face cooling and jets;

[6022] FIG. 5 is a cross section of 4 perapective view of the invention with rake and

Fank face cooling:

{6623} FIG. 6 i3 a cross section of a perspective view of the invention with rake and

high volume flank face cooling;

(024} FIG. 7 is a cross-sectional perspective of the invention engaging a workpiece

and forming a chip;

[RHUERY PIG. 8 is a cross section of a perspective view of the clamp and top piece fixed

together with a slotted spring pin;

[B024] FiG3. 9 is a view of the insert side of the top piece with a centering stud;
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[6627] FIG, 10 is a perspective view of the centering stud;
{6028} FIG 11 is an isometric view of another specific embodiment of the cutting

assembly, which comprises a holder and a cutting insert assembly

[E L . FIG. 12 is a side view of the specific erobodiment of FIG. 11
{603¢] FIG. 13 is a top view of the specific embodiment of FIG. 11 but without the

cutting insert assembly affixed to the holder, and with a portion of the holder body remoyved
o show the interior conlant passage;

(66311 FI(3. 14 is a cross-sectional view of the specific embodiment of FIG. 13,
which does not have the cuttiog insert assernbly, taken along section line 14-14 of FIG. 13;
{0321 FIG. 15 1s atop view of the specific embodiment of FIG, 11 wherein the
cutting insert assevobly attaches to the holder,

[68633] FIG. 16 is a cross-sectional schematic view of the specific embodiment of
FIs. 15 taken along section line 16-16 showing the travel of coolant, as weil as the
engagemert of the workpiece with the cutting insert to generate a chip;

{60343 FYG. 17 is sometric view showing the assembly of the cutting insert assembly

to the holder body;

9353 FIG. 18 15 aside view of the locking pin;
{00361 FIG. 19 is a top view of the locking pio;
{06371 FIG. 28 is a cross-sectional view of the locking pin taken along section line

20-20 of FIG. 19,
(8638} Fi{3. 21 is a top view of the shin;

83491 FIG. 22 s a cross-sectional view of the shim of FIG. 21 taken along section
line 22-22 of FIG. 21

{60467 FIG. 23 1s gn isometric view of the clamp assembly, which comypwises the
screw, the clamp arm, the diverter plate and the seal;

[O041] FIG. 24 15 an sometic view of the clamp assembly whersin the diverter plate
is exploded away from the screw-clamp arm assembly, and the scal is exploded away from

the diverier plate;
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(0423 FIG. 25 is a bottom view of the diverter plate;
60431 FIG. 25A 15 3 top view of the diverter plate;
(044 FIG. 26 5 a cross-sectional view of the plate of FIG. 25 taken along section
Huae 26-26 of FI{3. 25,
FO045] FIG. 26A is a side view of another specific embodiment of the diverier plate;
F0046] FIG. 27 45 a cross-sectional view of the plate of FIG, 25 taken along section
hne 27-27 of FIG. 25;
[00347] FIG. 274 is a cross-sectional view of still another specific embodiment of the

diverter plate suitable Tor use with the clemp assembly wherdin the cross section is Tike that

of section lpe 27227 in FIG. 25

13481 FIG, 28 is an isometrie view of the seal showing the bottom surface thereof;
jgds) FIG, 29 is a bottom view of the seal of FIG. 28;
LS H] FIG. 30 s a cross-sectional view of the seal of FIG, 29 taken along section

lne 30-30 of FIG. 23

[O051] FIG. 31 is an isomeitic view of another embodiment of a holder suitable 1o
receive the cutting Insert assembly;

186521 FIG. 31A s an isometric view of 3 holder like that of FIG. 31 with the internal
coolant passage entering the holder from the rear and traveling along the elongate shank;
[60353] FIG. 318 is an isometric view of a holder Uke that of FIG. 31 with the internal

coolant passage entering the holder from the side and traveling in the head of the holder;

[H054) FIG. 31C is an isometric view of 4 holder like that of FHG. 21 with the internal

coolant passage eantering the holder frorn the bottom and traveling 1o the hizad of holder;

[B0585] FIG. 32 is an isometric view of a specific embodiment of a roughing cutting
insest;
[E6336] FIG. 33 is a top view of the cutting insert of FIG, 32;

[857] FIG. 24 1 a side view of the catting jnsert of FIG. 32;
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[8058] FIG. 35 is a cross-sectional view of the cutting insert of FIG. 32 taken along
section lne 33-35 of FIG, 33;
{050 FIG. 36 1s a cross-sectional view of the cutting insert of FIG. 32 tuken along
section line 36-36 of FIG, 33;
JLEL A FIG. 37 is an Isometric view of a specific embodiment of a mediuvm roughing
onfting insert;
16061} FIG. 38 15 atop view of the cutling insert of TG, 37,
[RLE FIG. 39 is a side view of the cutting insert of FIG. 37;
[68631 FIG. 40 15 a cross-sectional view of the cutting insert of FIG. 37 taken along
section line 40-40 of FiG: 38;
[3064] FIG. 41 is g oross-sectional view of the cotting insert of FIG. 37 taken along
section Hne 4141 of FIG. 38;
[6065] FIG. 42 is an isometric view of a specific embodiment of a finishing cutting
insert;
16866} FIG. 43 15 a top view of the cotting insert of FIG, 42;
[0867] FIG. 44 i5 a side view of the cutting insert of FIG. 42;
[BB68] FIG. 45 15 a cross-sectional view of the cutting insert of FIG. 42 tzken along
section line 45-45 of FIG. 43; and
(6665 FIG. 46 is a cross-sectinnal view of the colting insert of FIG. 42 taken along

section line 46.46 of FIG. 43,

DETAILED DESCRIFTION

{0678] The present invention pertaing 0 a cpituig msert assembly useful fora
chipforming material romoval operation. In a chipforming material removal operation, the
cutting insert engages a workpiece {0 remove material from sworkpisce typically in the form
of ¢chips. A material removal operation that removes material from the workpiece in the form
of chips typically is known by those skilled in the art ax a chipforming material removal
operation. The book Machine Shop Practice [Industrial Press Ine., New York , New York

(198 1)] by Molirecht presents at pages 199-204 a description, diter afia, of chip formstion, as
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well as different kinds of chips (i.e., contimnons chip, discontinnons chip, segmental chip).
Moltrecht reads [in part] at pages 199-200, “When the cutting tool first makes contact with
the metal, #t compresses the metal ahead of the cutting edge. As the tool advances, the metal
ahead of the cutting edge s siressed to the point where 1€ will shear internally, causing the
grains of the metal to deform and to flow plastically along a plane called the shear plane ...
When the type of metal being cot is doctile, such as sieel, the chip willcome off ina

173

continuous ribbon .. Moltrecht goes on 1o describe formation of a discontinuous chip and

a segmented chip. As another example, the text found at pages 302-315 of the ASTE Tool

Engineers Handbook, McGraw Hill Book Co., New York, New York (1849} provides a

lengthy description of chip formation in the metal cutting process. At page 313, the ASTE
Handbook makes the clear connection betwesn chip formation and machining operations
such as twrning, rotiling and drifling. The following patent documents discuss the formation
of chips in a material removai operation; U.S, Patent No. 5,709,907 to Battaglia ot al.
{assigned to Kenpametal Inc.), ULS. Patent No. 5,722,803 to Battaglia et al. {assigned 1o

Kennametal Inc.), and U.S. Patent No. 6,161,990 to Oles et al. {assigned to Kennametal Inc.}.

(B6717 Referring to FIG. 1 of the invention, there is shown a tool holder 1 having a
recess 2% for receiving a cutting insert 1} The tool holder 1 alse has a eoolant passage 2 for
delivering fhuid coolant 1 the yoeess 29, An indéxabie, cutting fnsert 1045 positioned in the
recess 28, The cotting insert 10 has at least one flank face 12, a rake face 13 and 2 bottorn
face 14, The intersection between the flank face 12 and the rake face 13 forms a cutting edge
16, In the instance of a plurality of flank faces, the intersection betwesn two adiscent flank
faces [2 and the rake face 13 forms a cutling corner 17, Tt will be appreciated that a round
cutiing insert does not include two adjacent flank faces and therefore dogs notinclude a
cutiing corner. Although a round cutfing insert does not include a culting corner it will be
appreciated that ju any case, a cutting edge Is present. An insert depression 15 is located in
the rake face 13 of the fnsert 10, The insert depression 13 is an area within the rake face 13
that is lower than the remaining portion of the rake face 13 surrounding the insert depression
15 and including the cutting edges 16 and as appropriate, cuiting comer 17, To one
embodiment, the catting edges 16 and cuiting comer gll e within the same plane. It will be
apparent that some of the ceutting edges may also lie above or below one another in elevation,
For example, this would be the case if an elliptically shaped insert with an aneven rake face

were used as the inscrt in the metal cutting system.
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{8721 The insert 10 has an insert orifice 11 that aligns with the coolant passage 2 of
the (ool holder 1 1o receive conlant. The insert orifice 11 opens to both the rake face 13 and
the bottom face 4. A top plece 18 is adjacent to insert 10, The top piece 18 has a clamp side
20 and insert side 19, Insert side 19 of top plece 18 has a shape corresponding 1o the insert
depression 15 such thal positioning the two together forms a seal. The top pisce also has a
reserveoir 34 (shown in FIG, 53 in the iroert side 19, The regssrvoir 34 is a pocket in the inset
side 19 of the top piece 18 that aligns with the nsert orifice 11, The reserveir 34 distribotes
coolant to the op piece 18, Top piece 18 also has at least one rake face cooling channel 21
The rake face cooling channel 2] is g groove formed in the insert side 19 of the top piece 18
that nuns from the reservoir 34 (o the point on the top piece 18 nearest the cuiting edge 16 or
cutting corner 17, as appropriate. See PIG. § fora view of the rake face cooling channe] 21,
When the top piece 18 is seated in the insert depression 15 the rake face cooling channel 21
seals against the insert depression 13 to create a coolant path (o cutling edge 16 or culting
corper 17, It is also contemplated that the rake face cooling channei 21 could be formied by a
groove in the insert depression 15 which seals against the insert side 19 of the wp piece 18 A
clamp 23 applies pressure 1o the top piece depression 22, The clamp 23 maintains the
alignment and seal between top piece 18, insert 10 and tool holder 1. It will be appreciated
that the type of clamp 23 is not limited (o the style shown in the drawings. Rather, the clamp

23 can include any other suitable clamp stvle of a type well known In the art.

(6673} As shown in FIG. 7 when the insert 10 engages a workpiece 30 achip 31 is
litted away from the workpiece at the cutting edge 16 or cutting corner 17, The congruent
relationship belwesn the top ptece [Band snsert depression |5 oreates a rake face covlant
cooling channel 21 that directs conlant so that it is delivered from an angle below the
intersention at the rake face 13 and the ehip 31, This delivery angle causes the coolant to
inpinge the underside of the chip resuliing in improved cooling and chip removal. The rake
face cooling channel 21 spans from the reservoir 34 (o a point nearest the cutting edge. A
primary discharge slot 27 is formed at the end of the rake Tace cooling channel 21 nearest the
cutting edge 16 or cotting comer 17, It is an iroportant aspect of this invention that the
privoary discharge slot 27 lie below the cutling edge 16 or corner 17, In this deseription,
“below the cutting edge” or "below the cutting corner” in this description means generally

towards the recass 29 as opposed o "above the cutting edge”™ or "above the cutting corner”
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which would be generally towards the clamp. Cooling and chip remaval are most efficient

when the primary discharge slot 27 is within about 8,100 inches of the chip.

{99741 Irvanother embodiment shovn in FIG. 2 and FIG, 5, a shime 3 baving a top-side
% and a botiom side 36 is positioned botwesn the ool holder 1 and the insert 10, The shim 3
is oriented so that the bottom side 36 abuts the ton] holder 1 and the top side abais the insert
10, A shim pin 6 is inserted through a shim pin hole 5 and a ool holder pin hole 7. The shim
pin & maintains the alignment of the shim 3 between the tool holder 1 and insert 10, A shim
orifice 4 is formed dwough the center of the shim 3. The shim orifice 4 provides a path for
coolant 1o pass from the coolant passage 2 of the tool holder 1 to the insert orifice 11, A sl
forming a part of flank face cooling channel 9 is provided on the topside 8 of the shim 3. The
insert bottom Tace 14 seals the exposed slot in the top side 8 of shim 3 to create a flank face
conling channel ¥, The flank face cooling channel 9 spans from the shim orifice 4 almost (o
an ovter portion of the shim 3 nearest the cutting edge 16 or entting corner 17, The end of
flank face cooling channel © nearest the cutting edge has a curved base so that coolant is

directed toward the cutiing edge 16 or cutting corser 17 or flank face 12 of the insert 1),

{30675] In the embodiment as shown, the insert 10 has flank Taces 12 and flack edges
32 that taper tnward at a shallow angle from the rake face 13 to the bottom face 14, In ths
manner the width of shim 3 will be Jess than the width of the insert botfom face 14 and less
than the width of the rake face 13, Atiention s drawn to the fact that this taper is meant o
expose the flank faces 12 and flank sdge 16 1o coolant. The tapering of the insert 10 allows a
portion of the flank face cooling channel 2 to be exposed creanng secondary discharge hole

28, thus enabling expulsion of coolant along the flank faces of the insert 10

85761 A third embodiment shown in FIG. 3 adds jets 33 (o the top plece 18, The jets
33 gre additional coolant conduits to increase coolani flow rate and sffectively direct more
fluid to the tool-chip interface. The jets 33 run from the reservolr 34 1o 2 discharge point on
the clamp side 20 of the top piece 18 where the coolant can be directed at the tool-chip

interface,

{0677} An alternate embodiment of the invention 1§ shown in FIG. 4 and FIG. 6. In
this embodiment, the highest coolant flow rate is achieved providing flank and sake cooling.
In this assembly, a shim 3 sits in the recess 29 of ool holder 1 having 3 ool holdey pin hole

7. The shim 3 has a shim orifice 4 and a shim pin hole 5. The shim pin 6 is threaded and
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extends thorough the shim pin hole § in to the tool holder pin hole 7 which ts also threaded.
This arrangement keeps the shim 3 aligned in relation to the recess 29, A high volume flank
cooling channel 35 is formed between the tool holder 1 and shim 3. Part of the high volome
flank cooling channel 35 is formed by a groove in the bottom side 36 of the shirm 3. This
groave could alse be formed in the recess 29 of the tool holder 1L The groove Is closed by the
recess 29 of the tool holder 1 creating a passage for coolant delivery. The high volume flank
cooling chanrel 35 extends partway along the interface between the tool holder T and the
shim 3 starting at the shim orifice 4 then projects through the body of the shim 3 toward the
flark face 12 or flank edge 32 of the insert 10 ending with a secondary discharge hole 38 st a

corner of the shim 3 closest to the cutling edge 10 or cntting comer 17 of the iusert 10,

{0878} The insert 10 has tapered flank faces 12 and flank edges 32 to allow for
adequate conlant wash from the secondary discharge hole 28 Annsert erifice 11 aligns with
the shim orifice 4. The insert bottom face 14 seats against the shim 3 1o create a floid dght
seal. The inseri depression 15 is frusio-conical and mates to the insert side 19 of the top plece
18t create o fluid dght seal. The insert side 19 of the top piece 18 18 also fiusio-conical, The
reservoir is located i the central portion of the insert side 19 and is in abignment with the
insert orifice 11, The alignment of the reservolr L1, insert orifice 11, shim orifice 4 and
coolant passage 2 creates a chamber froma which conlant can freely flow to the high volume
flank coolant channel 35, rake face cooling channel 21 and jeis 330 I a preferrad
smbodiment, the rake face cooling channel 21 runs from the reservoir 34 to within about
0.100 inches of the cutting edge 16 or cutting comner 17, At the end of the rake face cooling
channel 21 opposite the reservoelr 34 there is a nib 42 on the insert side 19 of the top piece 18,
The nib 42 is a bump protroding from the insert side that interferes with the stream of coolant
as it exits the primary discharge slot 27, A view of the nib 42 is most clearly shown in FIG. %,
The nib 42 causes the coolant o spray in a wide pattern from the primary discharge slog 27 as
opposed to a less desivable concentrated stream that ocours without the nib 42, The rake face
cooling channel is sized to be large enough to maximize flow withoot permitting entry of
chips into the channel. Two jets 33 run from the reservoir 34 1o exit poinis on the clamp side
20 that direct the coolant towards the cufting edge 16 or cutting corner [7. A top plecs
depression 22 is present on the clamp side 200 The clamp 22 has a clarop head 24 that
engages the fop piece depression 22 to seat the insert 10 and maintain finid tight seals of all

the coolant ducts. In a preferred embodiment, a clamp screw 25 appliss pressure to the clamp
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head 24-in the direction of the top picce 18, A clamp pin 26 mainiains alignment of the clang
head 24, It will be appreciated that although a specific clanping assembly is shown in the
FIGS. 1.6 and &, any suitable clamping assembly capable of holding the wp piece, insert 10
and shim 3 securely in the recess 29 will suffice. Many of these clamping assermmblies are

commercially available and welf known in the art.

[6079] In the preferred embodiment, the total flow of all coolant passages should not
be less thay 30% of the possible flow from an unrestricted flood nozzle. There should be an
appreciation that any one of a pumber of different kinds of fluid or coolant are suitable for
use in the cutting insert. Broadly speaking, there are two basic categories of fluids or
coolants; namely, oil-based fluids which include straight oils and soluble oils, and chemical
fluids which inchude synthetic and semisynthetic coolants. Straight oils are composed of a
base mineral or petrolenm o1l and often contain polar lubricants such as fats, vegetable oils,
and esters, as well as extreme pressurs additives of chlorine, sulfur and phosphorus. Soluble
oils (also called emulsion fluid) are composed of a base of petroleum or mineral oil combinad
with emulsifiers and blending agents Petroleam or mineral oif combined with emuisifiers and
blending agenis are basic components of soluble oils {(also called ernulsifiable oils). The
concentration of listed components in their water mixture is usually between 30-85%,
Usually the soaps, wetiing agents, and couplers are used as emuplsificrs, and their basic role is
to reduce the sorface ension. As a result they can cause a fhnd tendency to foam. In
addition, soluble oils can contain ofliness agents such a3 ester, extreme pressure additives,
alkanolamines to provide Oreserve alkalinity®, a biccide such as triazine or oxazolidene, a
defoamer such as a long chain organie faily aloohel or salt, corrosion inhibifors, antioxidants,
ete. Synthetic fluids (chemical fluids) can be further categorized into two subgroups: frue
solutions and surface active fluids, True solution fluids are composed essentially of alkaline
inorganic and organic compounds and are formulated to impart corrosion protection to water.
Chemical sarface-active fluids are composed of alkaline inorganic and organic corrosion
inhibitors combined with anionic non-ionic wetting agents 1o provide lubrication and improve
wetting ability. Extreme-pressore fubricants based on chiorine, sulfur, and phosphorus, as
well as some of the more recently developed polymer physical extreme-pressure agenis can
be gdditionally incorporated in this fhuds, Semisynthetics fhuids(also called semi-chemical)
containsa lower mmowrt of refined base oil (5-30%) in the voncentrate. They are additionally

mixed with emulsifiers, as well as 30-50% of water. Since they include both constituents of
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synthetic and soluble oils, characteristics properties comnion to both syntheties and water

sofuble oils are presented.

[B08R6] It will be appreciated that some handling benefits have been seen when the top
piece 18 is fixed to the clamp 23, This arrangement reduces the chance that ap operator wil
inadvertently drop the top piece when removing or installing the asserobly. The most
effective means of fixing the top plece 18 (o the clamp 23 15 with a slotied spring pin 39. The
slotted spring pin 39 15 inserted nto a clamp bore 40 and a top piece bore 41 which are
aligned as seen in FIG. & Although other means of fastening the pleces together are possible,
the use of a slotted spring pin 39 allows for some rotation of the top piece 1§ about the main
axis of the slotied spring pin 39. This arrangement allows the top piece 18 o be aligned with

the differing orientations of the fnsert 10,

{0081} A centering stud 43 can be meluded bepween the wp pisce 18 and insert 10
The centering stud 43 seats into the reservoir 34 and extends into the insert arifice 11 The
shape of the centering stud conforms o the boundaries of the reservoir 34 and the insert
crifice 11 and in this way the centering sivd 43 acts as an alignment device. The centering
stud has an open interior s¢ that coolant flow s not reatricted. FIG. 2 shows a centering stud
fixed in tho reservoir 34 of the top picce 18 and FEG. 105 an isolated view of a centering

stud. For illusirative purposes, the insert 1§ is not shown in FIG. 9.

{6082} Referring to FIG. 11 as well a3 other appropriate drawings, FIG. 1 is an
isometnic view that shows another specific embodiment of the cuotting assembly geverally
designated as 100, This is a cutting assembly useful for an operation for chipforming
remaval of material from a workpiece, Cuotting assembly 100 comprises the basic
components of a holder 102, which is a styie holder sold by Kennametal Inc., Latrobe, PA
USA 15650 under the trademark KM, There should be an appreciation that different sivles
of holders are suitable foruse. The holder should have an internal coolant delivery
passageway, which commuricates with a coolant source, and a seating region. The seatlng
region has an opening in the seat wherein the opening is in fluid communication with the
internal coolant passageway. The cutting assembly 100 further includes a shim 104, a
Iocking pin 106, a cutting iusert 108, and a clamp assembly 110, The clamp assembly 110
comprises an upstanding screw 112 and an arm 114, which projects away from the screw

112. A diverter plate 116 detachably connecis to the arm 114, wherein at least a portion of
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the diverier plate 116 projects away from the arm 114 and covers at least a portion of the
cutting insert 108, The clamp assembly 110 further includes a seal member 115, which has a
resiligncy so when under compression creates 2 seal with the diverter plate 116 and also

creates g seal with the cutting ingert 108,

JBB83} Arrows CF in FIG. 11 represents the coolant flow spraying or exiting from the
cutting assembly. The coolant sprays toward the discrete cutting location where the colting
imsert engages the workpiece. Az will be described i more detail hereinafier, the coolant
spray moves along the radial coolant trough in the rake swrfsce of the cutting insert. The
geometry of the radial coolant trough causes the coolant tomove in the upward diraction
away from the rake face and the outward direction away from the central insert apernre, The
coolant exits the radial coolant tough in an upward and ontward direetion, The coolant spray
irapinges the undermeath surface of the chip formed from the workpiece wherein the upward
and outward movement of the coolant facilitates the impingement of the chip on the

underneatt surface thereof,

[84] Referring 1o FIGS. 12 through 14 as well ay other appropriate drawings, the
holder 102 has a holder body 124, which has a forward end {or working end} 128 and a
rearward end 126, The holder body 124 has a shank region (brackst 130} adjacent the
rearward end 126 and & head region (bracket 132} adiacent the forward end 128, The head
region 132 includes 3 seat generally designated as 136, which has g seating surface 138 and
an upstanding support swrface 140, As will become apparent hersinafter, the upstanding
support surface 140 provides support for the shim and the cotting insert when secured 10 the

seal 136,

[0D85] The holder body 124 contains a coolant delivery passage 144, which has one
end 144 and an opposite end 146, The opposite end 1486 is in the seating surface 138, The
coolant delivery passage 142 has asmooth Husto-conical section 147 adjacent the seating
surface 138, The coolant delivery passage 142 further has s threaded section 148 next o the
smooth frusto-conical section 147, See FIG. 14, In reference 1o the conlantdelivery passage
142, the majority of the passage 142 comprises a generally cylindrical conduit 150 that
moves from the one end 144 1o a point 151 where the passage 142 changes direction. A
shorter portion 152 of the passage 142 then travels to the seating surface 138, Coolant enters

the coolant delivery passage 142 through the oue ond 144, See FIG. 13
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{0861 Referring 1o FIGS. 21 and 22 as well as other appropriate drawings, the shin
104 has a geperally polygonal geometry with a top surface 134, a bottom surface 156, and a
flank surface 158, The shim 104 contains a central aperture 160 passing completely through
the shim 104, The cendral aperture 160 has an annular lip 162 mediate the top surface 134
ard the bottom swrface 156 wherein the lip 162 projects into the volome of the central
aperture 160, Annular lip 162 bas a generally frusto-conical surface in cross-section. As will
described in more detail hereinafter, the avoular ip 162 provides a surface against which an
(-ring seal deforras under comppression (o create a fluid-iight seal between the shim 104 and
the lncking pin 106, There shonld be an appreciation that the shim 104 may contain or
cooperate with ather structare, which performs the sealing functon. Applicants do not
conferoplate that an O-ring is the only way 1o create the seal between the shim 104 and the

locking pin 106

{BB87] Refersing to FIGS, 18-20 as well as other appropriate drawings, the locking
pin 106 has an clongate locking pin body 170, which has ag axial topend 172 and an axial
bottom end 174, Locking pia body 170 contains a centeal longitudinal bore 176 extending all
the way through the locking pin body 170. The longitudinal bore 174 has a coclant inlet 178
and a coolant outlet 180, as will become apparent hereinafter, coolant enters at the coolant
inlet 178, travels through the bove 176, and exits at the coolant outlet 180, The exterior
surface of the locking pin body 170 has an annular shoulder 182 mediate of the axial top end
172 and the axial bottom end 174, Rearward of the shoulder 182 s an annular arcuste groove
183, The locking pin body 170 has a head region (bracket 184) adjacent the top end 172 and
a shank region (bracket 186} adjacent the bottom end 174, The arcuate groove 183 in the
locking pin body 170 carvies a resilient G-ring seal 188, The exterior surface of the locking
pin body 170 contains a threaded region 200 adjacent the bottom end 174 thereof. The

locking pin body 170 further has a forward annular shoulder 202,

[B038] The locking pin 106 provides for a “pull back” feature upon complete
tighicning into the threaded section 148 of the coolant delivery passaze 142, The locking pin
106 accomplishes this feature by a difference in the orientation of the longitudinal axis of the
threaded section 200 as compared o the longitudinal axis of the rematader of the locking pin
1H) FIGS, 18 and 20 illustrate this difference in orientation. In these drawings, the coniral

longitudinal axis of the threaded region 200 and the longitudingl axis of the remainder of the
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tocking pin are disposed apart an angle “Z7. By “pull back™, it is meant that upon complete
tightening of the fock pin 106, the Jock pin 106 urges the shim 104 and the cutting insert 108
wward the upstanding support swrface 140, This feature enhances the integrity of the hoelding

of the cutting msert 108 and shim 104 in the seat of the holder.

LA In reference to the specific cutting nserts, there are theee basic cutting insests;
namely, the roughing cotting insert 420, the roughing medium - cotting tnsert 422, and the
finishing cutting insert 424, As will become apparent, cach one of these cutting inserts {420,
422, 424, which is for use in a chipforming material removal operation, has a cutling insert
body that has 3 rake face and & flank face. There i3 3 corner cutting region, which is af the
mtersection of the rake face and the flank adjacent corresponding corners thereod, that has a
peripheral edge. The cutting insert body containg a ceptral aperture, The rake face contains a
coolant delivery trough thai has a radial ovientation toward a corresponding corner culting
region. The coolant delivery trough has a radial ostward end terminating at the peripheral
edge and a vadial inward end opening into the central aperture, The coiting insert has a pair
of lateral topographic regions wherein the one lateral topographic region is along one side of
the coolant delivery trough and the other lateral topographic region is along other side of the

coclant delivery trough.

[0099] FIGS. 32-36 tlostrate the roughing cutting insert 420, FIGS. 37-41 ilustrate
the medivrg roughing cutting insert 422, FIGS. 42-46 illusirate the finishing cuiting insert
434, Further, applicants note that the roughing cutting insest is shown in co-pending US.
Desigo Patent Application Serial No. 29/368,123 filed September 2, 2010 for CUTTING
INSERT by Chen et al. [K-3063]. The medium roughing insert is shown in co-pending U.S.
Design Patent Application Serial No. 28/369,124 filed September 2, 2010 for CUTTING
INSERT by Chen et al. [K-3064]. The finishing tnsert is shown i co-pending U5, Design
Patent Apphcation Serial No. 29/369,125 filed September 2, 2010 for CUTTING INSERT by
Chen et al. [K-3063]. Applicants hereby incorporate by reference herein in their enfirety the
above-identified ULS. Design patent applications (Serial No. 29/369,125, Serial No.
297369124 |, and Serial No. 29/369,125). A more detailed description of the culting inserts

now follows using FIGS. 32-46.

{6091} Referring to PIGE. 32-36, the roughing insert 420 has a roughing insert body

430 with a diamond-shaped geometry having eight discrete corner culting regions 432, The
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rughing insert bady 430 has a pair of opposite rake faces 434, 436 and a flank face 438,
which extends about the periphery of the roughing insert body 430, The flank face 438
intersecis the rake faces 434, 436 to form cutting edges 440 at the corner culting regions 432,
Ome opposite pair of corner cotting regions 437 (upper right hand corner and lower left hand
comer as viewed in FIG. 33) bas an included angle “AA A" squal to about 80°. The other
opposite pair of corner cutting regions 432 {upper left hand corner and lower right hand
corner as viewed in Fis, 33) has an incloded angle “BBB” equal to about 1007, The
structoral features including the sorfaces are essentially the same for each corner cuiting

region 432,

(80821 The roughing insost body 430 contains a central apertiwe 444 that passes
through the roughing insert body 432 whereby the central apertore 444 intersects both rake
faces (434,434}, The central aperture 444 has g mouth (446, 448) at cach one of the
intersections with the rake faces (434, 436). There is a peripheral edge 450 that extends
about the corner cutting region 432, The peripheral cdge 450 is below and paratlel o the rake
face plane. FHO. 30 shows that the peripheral edge 45{ i3 a distance “D” below the rake face
plane, f.e., a plane that passes along the rake face. The peripheral edge 430 has a central
peripheral edge region 452 and a paiv of lateral peripheral edge regions 454, 456 that extend
away from the central peripheral edge region 452, The comner cutting region 432 may
comprise all of or a part of the peripheral edge 450, depending upon the specific catting
operation. The comer cutting region 430 typically includes the central peripheral edge region

452,

[6093] Ateach corner cutting region 432 is a radial coolant rough 460, The radial
coolamt trough 460 has a radial inward end 462 that opens into the central aperture 444, The
radial coclant trough 460 has an arcuate bottom surface 464 and lateral flat side surfaces 466,
468 that terpvinate in Iateral side edges 470, 472, resprctively. The radial coolant trough 460
has a radial outward end 478 that terminates at a central notch 484 between the radial conlant
wrough 460 and the ceniral peripheral edge 452, A lateral topographic region s along each

fateral side edge of the radial coolant trough.

1B6054] There is a pair of peripheral notches 480, 482 that run along and are inside of

the lateral peripheral edges 454, 456, except that the peripheral notches 480, 482 terminate at
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their intersection with the radial coolant trough 460, These peripheral noiches 480, 482 are

parallel to the rake face plane,

fO0935] Referring o FIGS. 37-41, the medbim roughing cutting insert 520 has a
medium roughing  cutling insert body 530 with a diamond-shaped geometry having eight
discrete corner cuiting regions 532, The medivm roughing  cutting insert body 330 has a
pair of opposite rake faces 534, 53€ and a flank face 538, which extends about the periphery
of the mediom roughing  cottitnig insert body 5300 The flank face 338 intersects the rake
faces §34, 536 w form cotting edges 540 at the corner cutting regions 332, One apposite pair
of corner cutting regions 532 (upper right hand corner and lower left band corner as viewed
in FIG. 38 has an included angle *CCC” equal to about 80°. The other opposite pair of
corner cutting regions 532 (upper left hand corner and lower right hand cormer as viewed in
FIG.-33) has an included angle “DDD” squal to gbout 100° The stroctural features incloding

the surfaces are the same foo cach corper cutling region 532,

[008¢6] The medium roughing  cutiing insert body 332 contains a ceniral apertore 544
that passes throngh the mediom roughing  cutting insertbody 532 whereby the central
aperture 344 intersects both rake Taces (834, 336). The central aperture 544 has a month

{3486, 548) at each one of the intersections with the rake fages {534, 5338},

130871 There is a peripheral edge 5350 that extends about the comer cutting region

332. The peripheral edge 550 is below and parallel to the rake face plage. FIG. 41 shows the
peripheral edge 650 s g distance “E” below the rake face plane. The peripheral edge 550 has
a central peripheral edge region 5352 and a pair of Yateral peripheral edge regions S84, 556 that

extend away from: the central peripheral edge region 552

{08 At gach corner cutting region 532 is a radial coolant trough 560, The radial
coolant troogh 360 has a radial inward end 562 that opens into the central aperture 344, The
rasiial coolant trongh 560 has an arcuate bottom surface 364 and lateral side surfaces 566, 568
that terminate in lateral side edges 570, 572, respectively. The radial coolant trough 560 has
a radial outward end 578 that terminates at the central peripheral edge region 552, A lateral

topographic region is along vach lateral side edge of the radial coolant trough.

JLEBU There is # lateral notch 380 to cach side of and spaced slightly apart from the

radiaf coolant rough 360, Each lateral noteh 380 has g forward-facing beveled face 582.
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The peripheral edge 350 terminates at the forward-facing beveled face 382, The notwch 580
also has a beveled lateral face 584 that runs parallel o the radial coolant trough 560, and
which decreases o area from the intersection with the forward-facing beveled face 582 and

its forward point of termination at the peripheral edge 550.

[0100] Referring to PIGS, 42 through 46, the finishing insert 424 has a HBnishing
insert body 630 with 8 diamond-shaped geometry having eight discrete comer entting regions
632, The finishing insert body 630 has a palr of opposite rake faces 634, 636 and a flank face
638, which extends about the periphery of the finishing insert body 630, The flank face 638
intersects the rake faces 634, 634 to form cutting edges 640 at the corner cutling regions 632.
One opposite pair of corner cutting regions 632 (upper right hand corner and lower left hand
corner as viewed in FIG. 43) has an included angle “EEE” squal to about 80°. The other
opposite pair of comer cutting regions 632 {upper teft hand corner and lower right hand
cowmier as viewed in FIG. 43) has an included angle “FRF” egual to about 100°. The structural

features including the surfaces are the same for each corner cuiting region 632,

(RG] The finishing insert body 632 containg a central aperture 644 that passes
through the finishing insert body 632 whereby the central aperture 644 intersects both rake
faves (634, 636}, The contral aperture 644 has a mouth (646, 648) at each one of the

intersections with the rake faces (634, 636).

{61932] There is a peripheral edge 650 that extends about the cormer cutting region

632. The peripheral edge 650 is below and paralle] to the rake face plane. FIG. 46 illustrates
that the peripheral edge 550 is a distance “F” below the rake face plane. The peripberal edge
50 has a central peripheral edge region 652 and a pair of lateral peripheral edge regions 654,

656 that extend away from the central peripheral edge region 652,

(61631 At sach corner cutiing region 832 15 a radial coolant troagh 660, The radial
coslant irough 660 hes a radial inward end 662 that opens into the central aperiure 644, The
radial coolant trough 660 has an arcuate bottom surface 664 and lateral side surfaces 666, 668
that terminate in lateral side edges 670, 672, respectively. The radial coolant trough 660 has
a radial outward end 678 that terminates at the central peripheral edge reglon 632, A lateral

topographic region is along each lateral side edge of the radial coolant trough.
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{1648 There is g lateral notch 680 o sach side of the radial coolant trough 660, Each
iateral notch 680 has a forward-facing beveled face 682, The peripheral edge 650 terminates
at the forward-facing beveled face 632, The lateral notch 680 also has a lateral face 684 that
rums parallel to the radial coolant rough 660, and which decreases i area from the
intersection with E’he forward-facing beveled face 682 and s forward point of termination at
the peripheral edge 630, There is a pair of small projections 688 on the lateral face 684,

which extend from the joinder with the radial coolant trough 660.

{41185} Foreach cuotting insert, it is apparent that the radial coolant trough has an
origin proximate 1o the cendral cutng josert aperture and 4 termination proximate fo and
spaced radially inward from the corner cutting odge region, The radial coolant trough bas a
depth decreasing from the origin to the termination. The coolant when exiting the radial

coolant trough travels in an upward direction away from the rake surface.

REIEES Referring 1o FIGE, 28-30 as well as other appropriate deawings, the seal
member 118 has g geperally circular body 250, which has a central aperture 252 and
circuntferential edge 254, The top surface 256 of the generally circular body 250 is generally
flat and the bottom surface 238 18 generally frusto-conieal in shape. A generally cylindrical
top upstanding collar 262 projects away from the flat top surface 256 of the generally circnlar

body 2530, The top upstanding collar 262 has a distal civonlar edge 264,

(61671 There i3 an opening 266 In the collar and a corresponding opening 268 in the
generally cirenlar body 250. The combination of these openings {266, 268) permits the flow
of coolant (see arrows CF in FIG. 28} to the cutting insert as will be described hersinafter,
The frusto-conical botion surface 258 has a generally clreular (orminal edge 276, The
diameter (0 in FIG. 30) of the circular opening defined by the circular terminal edge 276 15
larger than the dismeter (Y in FIG. 30) of the circular opening defined by the distal circular

edge 264 of the upstanding collar 262.

[0108] As one alternative, seal 118 s made of a resilient material sucly as a plastic
material that is compressible to form o fHoid-tight seal. There may be other alternative
materials, which are not necessarily plastics, but which provide for the necessary resilience or
cornpressibility to create the seal when wnder compression. As will be described hersinafier,
the seal 118 creates a seal with sach one of the diverter plate 116, the locking pin 106 and the

cutting insert 108,
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[0108] Referring to FIGSE, 23-24 as well as other gppropriate drawings, the clamp
assembly 118 includes the screw 1132, which has an upper end 280 and a lower end 282, The
serpw 112 has a head portion 284 and a threaded section 286, The clamp assambly 110
further inclodes the avm 114, The arm 114 has 3 proximate end 300 and a distal end 302,
The armm 114 also has a base section 304, which contuins an aperture 308, adjacent to the
proximate end 300, The base scction 304 also has a eylindrical section 305, The screw 112
is redatable within the aperture 306 of the base section 304, The head portion 284 and a C-

shaped restlient split ring (or clip) 287 retain the sorew 112 in the apertare 306

61161 The arm 114 further has a finger section 312, which s integral with the base
section 304, extends toward the cutting insert when the components are i the assembled
copdition, The finger 312 torminates at the distal ored 302 of the clamp aew T4, The clamp
arm 114 lias 7 bottom surface 314, which defines 3 central shoulder 316 and a pair of

opposite fateral recesses 318, 3200

LY Referring to FIGS, 25 through 27, as well as other gppropriate drawings, the
clamp assembly 110, which attaches to the holder and cugages the cutting insert, forther has 4
diverter plate 116, which has a proximaie end 330, which is closest 10 the arm 114 and a
distal end 332, which is farthest from the arm 114, The diverier plate 116 also has a top
surface 334, The top surface 334 has a flat surface portion 336, which containg a central
groove 338 therein. The top surface 334 further has a beveled surface portion 342 wherein a
channel 340 separates the flat surface portion 336 from the beveled sorface portion 342, The
beveled surface portion 347 contains a pair of lateral surfaces 346, 348 and a central surface
350, The diverter plate 110 contains a central noteh 352 in the central surface 350 at the
distal end 332, The diverter plate 116 has a pair of opposite side surfaces 3534, 258, Each
side surface (354, 356) has a flat surface portion 360 and a notch portion 362, Each noich
portion 362 has a flat portion 364 and a beveled portion 366, The diverter plate 116 has a
bottom surface 370, which contains & generally circular depression or bowl 372 and an
elongate channel 376, which extends away from the depression 370 toward the central noteh

352.
{03112} The head portion 284 has a pair of spaced-apart prongs 288 that extend
autwardiy trward the cotting {nsert when the components are in the assembled condition.

The prongs 288 have a generally inward bias. The prongs engage the divester plate 116
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refain the diverter plate 116 to the clamp arm 114, More specifically, to assemide the diverter
plate 116 to the clamp arm 114, the diverter plate 116 is positioned in alignment with the
prongs 288, The beveled surface 366 at the proximate end 330 engage the prongs o spread
them apart as the diverter plate 116 moves toward the evlindrical member 305, The prongs
288 bias Inward toward the diverter plate 116 and are within the notches 362, The inward
bias of the prongs 288 seourely retains the diverter plate 1o the clamparm 114, Ag onecan
appreciate, the diverter plate 116 can be detached from the clamp arm 114 by pulling the
diverter plate 116 away from the base 304, By providing a diverter plate that easily attaches
1o the remainder of the clamp assembly, the matenial from which the diverter plate is made
can vary, depending spon the cutting application. For example, the diverter plate 116 can be
made of sicel or carbide, depending vpon the specific application, The capability to vary
anly the material of the diverter plate withost changing the remainder of the clampiog

assembly is an advantage.

{3113) FIG. 26A ilhustrates an alternative diverter plate 116 that has a bottom surface
3707 with an orientation such that the bottom surface 3707 slopes away from the diverter plate
body at an angle "H”, which is equal o abont 7 degrees, However, there should be an
appreciation that angle “H” can vary depending upon the specific application or
circumséance. Because of the orientation of the bottom sarface 370, during the clamping
process, the proximate end 331 first contacts the cutting insert prior (o the balance of the plate
contacting the cutting insert, This contact facilitates the seating of the seal on the cutting

insert and the sealing betwesn the cotting insert and the seal.

{0114} FIG. 274 illustrates another specific embodiment of the diverter plate 116A.
The structure of the diverter plate 1164 is the same gs that of the diverter plate 116, except
that the surfaces that help define the bowl are disposed 2t an angle "7 egual to abopt 80% v
the adjacent surface of the bowl. This is in contrast to diverter 116 in which the surfaces that
help define the bowt are disposed 1o the adiscent surface of the bowl at an angle *77 equal 1o
about 1) degrees. However, there should be an appreciation that angle “J7 can vary

depending upon the specific application or circumsiance.

31151 Another speeific embodiment combines the diverter plate and the seal into a
one piece iptegral diverter plate. More specifically, this emtbodiment of the modified diverter

plate has the same-structural features as the diverter plate 116 and an integral protrusion that



WO 2012/030484 PCT/US2011/046986

28

has the same structure as the seal 118, The integral protrusion has a coating therson. The
coating has elastomeric properties so upon compression, the coating crestes a fluid-tight seal

with the surface(s) that it contacts.

{¢116] Referring to the assembly of the components, FIG. 17 provides a visual guide
to the assembly of the components, Initially, the shim 104 is positioned on the seating
surface 138 of the seat 136 in the holder 102, The flank surfaces 158 of the shim 104
adiacent the upstanding wall 140 contact the surface of the wall 140, Arrow AA represents

this step in the assembly process.

{61171 As the next step, the locking pin 106 is inserted into the ontlet 146 of the
coolant delivery passage 142 in the seating surface 138, The threaded region 200 of the
locking pin 106 threadedly engages the threaded section 148 of the coplant delivery passage
142, The locking pin 104 is threaded until it is tightly secured in the coolant delivery passage
142. Asis apparent, at least 3 part of the locking pin 106 is in the coolant delivery passage
142, The locking pin 106 tightly secures shim 104 to the seating surface of the seat, Amows

B85 represent this step in the assembly process.

{0118} There should be an appreciation that onee the locking pin 106 is securely
affixed in the coolant delivery passage 142, the rearward surface of the shoulder 182
compresses the O-ring 188 against the lip 162 of the shim 104, The Oening 188 creates a
fluid-tight seal between the locking pin 106 and the shim 104, During operation, coolant

capnot escape betweern the shimrand locking pin.

{0119 As the next step, the cutting lnsert 108 Is positioned on top of the shim [04.
When in this position, the upper portion of the locking pin 106 is at least within some of the
central aperture of the cutling insert 108, The frusio-conical mouth 220, which surrcunds the
central cutting insert aperture 219, tightly rests on the forward annular shoulder 207 of the
Iocking pin 106 o form a Haoid-tight seal. Arrows OO represent this step in the assembly

Procass.

[6120] The next step in the assembly process comprises attaching the clamp assembly
110 1o the hodder 102, The threaded section 286 of the screw 112 threadedly engages the
threaded clamp bore 153 inthe holder 102, The clamp assembly 11 is tightened down into

position where it relains the cotting insert 108 in position on top of the shim 104, As
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previousty mentioned, the use of a diverter plate with-a sloped swrface facilitates the seating
and sealing of the seal with respect 1o the cutting insert. In this regard, FIG. 26A tHustrates
the diverter plate 116" with a sloped rearward surface 3707, The rearward surface 3707 slopes

toward the cotting insert when the ol assembly is attached to the holder 102,

f121] When i the secursly tght position, the seal 118 compresses against the
cuiting insert 10R to form a fluid-tight seal with the cutting insert. The seal 118 also
compresses against the bottom surface of the diverter plate 116 to form a flaid-tight seal with
the diverter plate. As one can appreciate, the seal (seal merber) 118 is mediate of the cutting
insert and the diverter plate. The scal 118 provides a fluid-tight seal between the cutting
fnsert and the diverter plaie, and the seal member further provides a fluid-tight seal between
the cutting insert and the locking pin, At this stage in the assembly process, the culfing
assembly s ready to perform in an operation for chipforming removal of reaterial from a

workpiece.

{3122} In operation, the coolant, which is typically wnder pressure, enters the coolant
delivery passage 142 vig the one end 144, Coolant travels through the coolant delivery
passage 142 towards the seating surface 138, The focking pin 106 is threaded folly into the
coutant delivery passage 142 adiavent the other end 144 thereof, When in this condition, the
axial bottom end 174 of the locking pin 106 is located into the coolant delivery passage 142.
Caolant enters through the indet 178 into the longitadinal bore 176 of the locking pin 106.
Coolant flows through the longitudinal bore 176 and exits through the oundet 180 into the
bowl of the diverter plate. Inother words, the longitadinal locking pin bore opens o the

diverter plate whereby coolant flows into the diverter bowl

[0123] Thers should be an appreciation that when the locking pin 106 1s threaded
fully in the coolant delivery passage 142, thers are several locations that provide Huid-tight
seals which help contain the coolant. The threads engage the threaded portion to creaie a
fluid-tight seal 1o, at least, provide an engagement that restricts the leakage of coolant at the
threaded portien of the coolant delivery passage 142, The locking pin body 170 is pressed
firmly agsinat the smooth frusto-conical surface of the cootant delivery passage 142 adjacent
the ather cnd 146 thereof. The surface-to-surface engagement is tight o create a fluid-tight
seal between the locking pin 1046 and the smooth frusto-conical surface that defines the

coolant delivery passage 142, The bottom swriace of the shim Is pressed tigltly against the
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surface of the seat 1o provide a light surface-to-surface engagement, which provides a fluid-
tight seal. Finally, upon being compressed between the shim and the locking pin, the resilient
O-ring 188 provides a fhaid-tight seal between the shim and the locking pin so coolant cannot
SECApE,

[9124] It is therefore apparent that there are multiple sealing points that provide fluid-
tight seals. These seals comprise a locking pin-coolant delivery passage seal at the threaded
portion, 8 locking pin-coolant delivery passage seal at the frusto-conical smootl surface, a
shim-seating surface seal, and a locking pin-shim seal due tothe Goring: These multiple seals
provide sealing integrity so little or essentially no coolant cscapes as it travels from the-

coctant delivery passage into and through the locking pin.

[#128] As mentioned above, coolant flows through the longitudinal bore 176 of the locking
pin 16 mto the bowd (or depression) 372 of the diverter plate 116, The bowl 372, which has
a generally circular geomeiry, receives the upstanding collar 262 of the seal 113, The
dimensioning of the bowl 372 and the upstanding collar 262 15 such so under compression,
the seal 118 provides s Huid-tight connection with the diverter plate 116 at the locations of
actual contact. As described hereinabove, there 1s an opening in the wpstanding collar where
the seal does not contact the diverter plate, and thus, there is an absence of & fluid-tight seal at
this location. Coolant flows out of the seal opening (266, 268) to the diverter channel and

then to the radial coolant rough of the cutting insert toward the corner catting region.

{6128} When snder compression, the seal 118 provides a flid-tight seal with the
culting insert, More specifically, the frusto-conical surface 258 of the seal 118 comprassively
contacts the rnouth of the central aperture to create a fluid-tight seal, FPurther, when uader
compression, the terminal circolar edge 2786 of the frusto-coreal surface 258 compresses
against the axial forward end of the locking pin 106, This compressive relationship betwesn
terminal circular edge 276 of the seal and the axial forward end of the locking pin creates a

fluid-tight seal between the locking pin and the seal.

{81271 There should be an appreciation that there 18 a igh degree of integrity in the
containment of coolant ag it extis the locking pin. There is a fluid-tight seal between the seal
and the diverier plate, except for where the opening exisis in theseal. There is 8 fluid-tight
seal between the seal and the cotting ivsert. Finally, thore 15 a fluid-tight seal between the

seal gnd the focking pin.
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{0128} Crversdl, it ¥s apparent that there 1s a high of degree of integrity on the
containment of coolant throaghout the complete ravel of coolant fromy the coolant delivery
passage until it reaches the bowl in the diverter plate. The multiple points of floid-tight seals
comprise: a locking pin-coolant delivery passage seal af the threaded portion, a locking pin-
cooldnt delivery passage seal at the frusto-conical smouth sarface, a shim-scating sorface
seal, a locking pin-shim seal due to the O-ring, a seal-diverter plate seal via the upstanding
collar, a seal-cutiing insert seal adjscent the mouth surrounding the central aperture of the

cutting inseart, and 2 seal-locking pin seal adjacent the axial forward end of the lncking pin.

{0129 Coolant flows out of the seal 118 via openings 266, 268 into the channel 376
of the diverter plate. The coclant travels through the channel 376 in a radial ovtward

direction to where il exits the channel 376 adjacent the nowch 330,

(134 The catting imsert has an orientation relative o the coolant channel 376 and
the noteh 350 that vpon exiting the channel 376, the conlant enters the radial coolant trough,
There should be an appreciation that this is the case for any one of the three cutting inserts
described hereinabove; namely, the roughing insert, the medium roughing insert and the
finishing insert. Coolant then flows through the radial elongate channel exiting al the

termination thereof to spray or jet toward the corner catting edge region.

{0131} The coolant spray travels in a direction upward and outward from the radial
coolant trough in the rake sorface of the cutting insert. The coolant spray-dmpinges the

undemeath surface of the chip formed from the workpiece during the cutting operation.

{0132} FiG. 31 is an isometric view of another embodiment of a holder suitable to
receive the cotting insert assembly, This holder 320 has a holder body 391 with opposite
axial forward end 392 and an axial rearward end 393, A shank 396 is adjacent the rearward
end 393 and & head 393 is adjacent the forward end 3892, There is a conlant port 397 in the
seating portion of the bead 385, FIG. 31 A shows the coolant delivery passage 398 that enters
from the rearward end of the holder body and extends all aloug the length thereof, PIG. 31B
is an isommetric view of g holder 350A like that of FIG, 31, but with the internal coolant
passags 398A entering through the bottom of the holder. FIG. 31C is an isomeiric view of 2
helder 3008 Tike that of FIG. 31, but with the infernal coolant passage 3088 entering through
the bottom surface of the holder. There is an appreciation that the coolant delivery passage

can enter nto the holderin any one of 3 number locations, &g, rear, side and botionm.
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{0133] It is apparent that the present fnvention provides a catting assernbly, as well as
a cntting insert assemibly, to facilitate enhanced delivery of coclant adjacent the interface
hetween the cutting tnsert and the workpiece (e, the insert-chip interface). By doing so,
there 1s a diminishment of excesaive beat at the insert-chip interface in the chipforming
removal of material from a workpiece. By providing coclant flow, there is a redoction in
excessive heat at the insert-chip interface to eliminate or reduce build up of chip material. By
providing the flow of coolant to the insert-chip interface, the evacuation of chips from the
insert-chip interface will be facilitated thereby munimizing the potential that a chip will be re-
cut. kst apparent the present provides advantages conpected with decreasing the heat at the

insert-chip interface

[8134) The patents and other documents identified herein are hereby incorporated by
reference herein. Other embodiments of the invention will be apparent to those skilled mn the
art from a consideration of the specification or a practice of the invention disclosed herein, It
is intended thay the specification and examples are illusirative only and are sot intended 1o be
limiting on the scope of the invention. The true scope and spirit of the invention is indicated

by the foliowing clatms,
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WHATIS CLAIMEDR IS:

I. A cutting assembly for use in an operation for chipforming rernoval of

material from a workpiece, the cuiting assernbly comprising:
a holder having g szat;
the holder containing a coolant delivery passage;

a locking pin having a longitudinal locking pin bore, the locking pin being
affixed 1o the seat 2o the fongitudinal focking pin bore being in compmmcation with the

cooltant delivery passage;

a culting insart having a rake swrface, a flank surface, and a cutting edge at the
intersection of the rake surface and the flank surface, the cutting edge having a comer cuiting
edge region, the cutting insert having a central cutting insert apertare, the cutting fnsert

containing a radial coolant trongh with sn orientation toward the comner cutting edge region;

at least a portion of the locking pin being within the central cutling insert

aperiure;
¢

s clamp assembly being attached 1o the holder and engaging the cutting insert,
and the clamyp assembly baving a diverter plate, the diverter plate having a bottom surface

efining a diverter bowl and a diverter channel; and

the longitudinal locking pin bore opening to the diverter plate whereby coolant
flows into the diverter bowl and through the diverter chaunel into the radial coclant rough

toward the comer cutling edge region.

2. The cutting assembly according to claim 1 further including a seal member,
the seal member being mediate of the cutting insert and the diverter plate, the seal member
providing a fluid-tight seal between the cotting insert and the diverter plate, and the seal

member further providing a fluid-tight seal between the cutting insert and the locking pin.
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3. The cutting assembly according to claim 2 wherein the seal member
containing a central seal aperture wherehy coolant flowing through the longitudingl locking

pin bore flows through the conéral seal aperturs to the diverter plate.

4. The cutting assembly according o claim 3 wherein the seal member further

contains a szal opeming through which coolant flows w the diverter channal

5. The cotting assembly according to claim 1 further comprising a shim being
received within the seat, and the locking pin engaging the shim 1o secure the shim fo the

holder at the seat.

6. The cutting assembly according to claim 5 wherein the locking pip canrying
an O-ring seal, and the Owring seal providing a fluid-tight seal between the locking pin and

the shim.

7. The cutting assembly according to claim | wherein the radial coolant
trough having an origin proximate 1o the central cutting insert aperture and a termination
proximate to and spaced radially inward from the corner cutting edge region, the radial

coolant trough having a depth decreasing from the origin 1o the fermination.

3. The cutting assembly according to claim 7 wherein coglant exiting the

radial coolant trough travels in an upward divection away from the rake surface.

9. A cutting fnsert assembly for use In ap operation for chipforming removal
of material from a workpiece wherein the cutting insert assembly attaches 1o a holder

containing a coolant delivery passage, the cutting insert assembly comprising:
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a tocking pin having a longitudinal focking pin bore, the locking pin being
affixed o4 seat in the holder s0 the longitudinal locking pin bore being in communization
with the coolant delivery passage;

a cutting insert having a rake surface, a Hank surface, and a cutting edge at the
intersection of the rake surface and the flank surface, the cutting edge having & corner cutling
edge region, the cutiing insert having a ceniral cuttinginser! aperture, the culting insert
containing a radial coolant trough with an orientation toward the corper cutting edge region;

at Ieast a porton of the locking pin being within the central cutling insert
aperture;

a clamp assembly being attached 0 the holder and engaging the cutting jnsery,
ard the clamp assembly having a diverter plate, the diverter plate having a botfom surface
defining a diverter bowl and a diverter channel; and

the longitudinal locking pin bore opening to the diverter plate whereby coolant
flows info the diverter bowi and through the diverter chanpel into the radial coolant trough

woward the corner cutling edge region.

10, The cutting fnsert assembly according to claim @ further including a seal
member, the seal member being mediate of the cutiing insent and the diverter plate, the seal
member providing g Tuid-tight seal between the cutting insert and the diverter plate, and the
seal member furthers providing a fluid-tight seal between the cutting insert and the locking

pin.

11. The cuiting insext assembly according to claimy 10 wherein the seal
member containing a central seal apertore whereby coolant flowing through the longitudinal

focking pio bove flows through the ceniral seal aperture to the diverter plate,

12, The cuiting insert assembly acoording © claim 11 whersin the scal

ember Turther containg a seal opening through which coolant flows to the diverter channesl,
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13. The cutting assembly according to claim 9 further comprising 2 shim
being received within the sest, and the locking pin engaging the shim, and the locking pin
carrving an O-ring seal, and the Oering seal providing & Tluid-tight scal between the locking

pin and the shim.

14, The cutting assembly according to claim 9 wherein the radial coglant
gough having an-origin proximaite to the central cutting insert aperture and a termination
proximate fo and spaced radially inward from the corner culting edge region, the radial

coolant trough having a depth decreasing from the origin to the termination.

15. A locking pin for use with a holder having a coolant delivery passage, the
focking pin comprising:

a lecking pin body having an inlst end in conunpnication with the coalant
delivery passage and an cutlet end; and

the locking pin body containing a longitudinal coolant bore extending from the

inlet end 1o the outlet end thereof,

16, The locking pin according to claim |5 wherein the locking pin bedy

podending inte the coolant delivery passage.

17, The loclang pin according to claim 13 wherein the locking pin body

carrying a sealing member.

I8, A cutting insert for use in a chipforming material removal operation, the
cutting insert eomprising:

& cutting insert body having a rake face and & flank face, a corner cutting
region at the intersection of the rake face and the {lank adjacent corresponding corners

thereof:
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the corner outting region having a peripheral edge;
the cutting insert body containing a central aperiure;

the rake face containing a coolant delivery trough, the coolant delivery trough
having a radial orientation toward a corresponding corner cutting regicn, the conlant delivery
irough having @ radial outward end terminating at the peripheral edge and a radial inward end

opening io the ceniral aperture; and

a pair of latersl topagraphic regions whercin the one lateral topographic region
is along one side of the coolant delivery trough and the ather lateral topographic region is

along other side of the coolant delivery trough.

18, The culling insert according to claim 18 wherein gach one of the

topographical regions coraprising a peripheral potch.

(. The cutiing insert according to.clain 18 wherein each one of the
topographical regions comprising a lateral notch having a forward-facing beveled face and 3
beveled lateral face being generally parallel to the coolant delivery trough, and wherein the
beveled lateral face decreases in avea from an ivlersectinn with the forward-facing beveled

face and a termination with the peripheral edge.

21, The cutting insert according to claim 18 wherein each one of the
wpographical regions comprising a lateral noich having a forward-facing beveled face and &
boveled Iateral face being generally parallel to the coolant delivery trough, and wherein the
beveled lateral face decresses in ares from an intersection with the forward-facing beveled
face and a terminadon with the peripheral edge, and a plurality of projections on the beveled

fateral face,

22, A cutting assembly for use in an operation for chipforming removal of

materiad from 3 workpiece, the cutting assembly comprising:
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a holder having & seat;

the holder containing a coolant delivery passage;

a cutting insert having & rake surface, a flank sorface, and g cutting ¢dge at e
intersection of the rake surface and the flank surface, the cutling edge having a corner cutting
edge region, the-cutting insert having 8 central cutiing insert aperfure, the cuting nsert
containing a radial coolant trough with an orientation toward the corner cutiing edge region;

a clarap assembly being attached to the holder and engaging the cutting insert,
and the clamp assembly having a diverter plate, the diverter plate having a bottorn surface
defining a diverter bow] and a diverter channel; and

the diverter bowl recetving coolant from the coolant delivery passage and the
diverier channel divecting the coolant received into the diverter bowl toward the comer

cutiing edge region.
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