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8ACKGROQND OF THE IBYENTION 

The present invention relates generally to 
cutting inserts for rotatable milling cutters, and more 

5 particularly to a replaceable cutting insert having a 

plurality of mutually offset cutting portions with 
helically-shaped cuttinq edges for cuttinq straight 
sidewalls. 

A milling cutter typically includes a 
10 cylindrical body having a plurality of recesses formed in 

its outer surface for receiving replaceable cutting 
inserts. Each cutting insert has at least one cutting 
edge which engages the workpiece to perform the millinq 
operation. When designing cutting inserts for mill inq 

15 cutters, it is desirable to reduce cutting forces 
experienced by the cutting edge of the insert. Reduction 
of cutting forces will reduce wear and breakage of the 
insert and increase tool life. Lower cutting forces also 
reduce the horsepower requirements for milling 

20 operations. The magnitude of such cutting forces is 
largely determined by the geometry of the cutting insert, 
and its orientation with respect to the workpiece. 

In most rotary milling cutters, the inserts 
are formed with a straight cutting edge. To reduce the 

25 cutting forces experienced by such a straight edge, the 
cutting insert is typically mounted so that it is 
inclined at an angle relative to the axis of rotation. 

Such an axial inclination is ref erred to as an axial rake 
angle, and corresponds to the angle A in figure 7, where 
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CL represents to axis of rotation. But while such an 
axial inclination enhances the cutting ·efficiency of the 
insert, it also creates a variation in the distance of 

the cuttinq edge from the axis of rotation of the milling 
5 head along the length of the cutting edge, such that the 

points of contact of the cutting edge with the workpiece 
are not all disposed at the same radial distance from the 
axis. This variation results in an undesirable convex 
curvature in the side surfaces of the cuts made by the 

10 cutter. The lar<Jar the axial rake angle, the greater 
will be the curvature in the side surfaces of the 
resulting cuts. Additionally, for inserts tilted at an 
axial rake angle, the cuttinCJ load forces, and thus the 

energy requirement for cutting, are proportional to the 
15 length of the cutting edge due to the effect of such 

axial tilting on the angle between the cutting edge and 
the surface being cut. The top face of the insert is also 
important for cuttinq efficiency. one such feature of 

the top face is the anqle formed by the rake surface of 

20 the insert relative to the workpiece. Such an angle is 
known as the radial rake angle and is illustrated as the 
angles cl, C2 and c3 in Figures 9 through 11, 
respectively. When the radial rake ancJle is positive, 
the edge of the insert cuts the workpiece by way of a 

25 shaving action. When the radial rake angle is negative, 

the edge of the insert cuts the workpiece by way of a 
scrapinq action that is substantially less efficient than 
a shaving action. As the length of the cutting edge 
increases, more of the cutting edge tends to be oriented 

30 at a negative radial rake angle with respect to the 
workpiece, which causes the cutting force loads to 
increase. Such increased loads are contrary to the qoals 
of decreasinq cutting force loads whenever possible to 
reduce the risk of tool breakage, reducing wear on the 

35 insert, and reducing the energy requirements needed for 
the cutting operation. 
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To reduce such cuttinq forces, it has been 
known to use a plurality of cutting inserts with 
relatively short cuttinq edcJes in lieu of a single insert 
with a single lonq cutting edqe. 'l'be inserts are 

5 arranged so that the short cutting edqes overlap. While 
such an arrangement significantly reduces cuttinq forces, 
the cutting inserts :must be precisely aligned with one 
another in order to produce a smooth cut. 

Clearly there is a need for a cuttinq insert 
10 that is capable of producinq c:uts with smooth, straiqht 

side ed9es even when operated at substantial axial rake 
angles that does not require the use of deep, 

structurally weakeninq recesses in the tool body. 
Ideally, the cutting edge of such an insert should enqaqe 

15 the workpiece at a positive radial rake angle throuqhout 
substantially all its length to minimize cutting forces 
and insert wear. Finally, it would be desirable if such 
an insert could more effectively break up the metal chips 
that result from the cuttinq action to enhance the 

20 overall efficiency of the tool employing the insert. 
StJMMABY OF THE DNENTION 

The present invention is a cuttinq insert 
particularly designed for use in rotatable cutting tools, 
such as rotary :milling cutters and drills. 'l'he insert 

25 includes a polygonal insert body having a planar bottom 
face, a top face, and plurality of side faces extending 
between the top and bottom faces. A cutting edqe is 
defined at the intersection of the top face with at least 
one of the side faces for engaging the workpiece and 

30 removinq chips from the workpiece.. The cutting edge 
includes at least two offset edge portions which are 
connected by a transition edge portion. The transition 
edge portion is disposed at an obtuse angle with respect 
to the offset edqe portions. 

35 The cuttinq edge of each of the edqe portions 
and the transition edge portion is disposed on a 
cylindrical envelope defined by the rotation of the 
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cuttinq edqe about the axis of the millinq cutter, which 
gives each of the cuttinq edges a helical curvature. The 
helical curvature of each portion of the cuttincJ edqe 

ensures a relatively smooth, straight sidewall surface on 
5 the workpiece. 

During a machining operation, the offset edge 

portions of the cutting edge produce narrow, 
transversely-spaced chip segments, while the transition 
edge portion spreads the chip segments apart to effect a 

10 thinninq of the chip between the chip sec;ments. Such 
thinninq produces localized work hardening of the chip 

between the chip segments, which embrittles the chip and 
renders chipbreakinq easier. 

In yet another aspect of the present 

15 invention, the cutting edge of each of the offset 
portions is inclined with respect to the base edge of the 
insert. By inclining each of the cuttinq edqes with 
respect to the base edqe, it is possible to achieve 
higher axial rake anqles without deeply recessing the 

20 insert seats in the milling cutter, which in turn could 
cause excessive structural weakeni119 of the cutter bocly. 

Based on the foregoing, it is an object of the 
invention to provide cuts in workpieces with straight 
sidewalls even when the inserts are canted at sul:>stantial 

25 axial rake angles in the millinq cutter body. 
It is a further object of the invention to 

provide a cutting insert for a rotary milling tool with 
enhanced chipbreaking capabilities. 

It is also an object of the present invention 
30 to provide a cuttinq insert for a rotary milling tool 

having a cutting edge that engaqes the workpiece at a 
positive radial rake angle throughout its entire length 
to reduce cutting forces and wear on the insert. 

Another object of the present invention is to 
35 provide a cutting insert for a rotary milli119 tool which 

reduces the horsepower requirements for milling 
operations as compared to prior art cutting inserts. 
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other objects and advantages of the present 
invention will becoJlla apparent from · a study of the 

following description and the accompanyinq drawinqs which 
are merely illustrative of such invention. 

BBIEF PESCBIFnON OF THE SEVERAL FIGQRES 
Figure l is an perspective view of a millinq 

cutter using the cutting insert of the present invention; 
Figure 2 is a perspective view of the cutting 

insert of the present invention; 
10 Piqure 3 is a side elevation view of the 

cuttinq insert of the present invention; 
Figure 4 is a top plan view of the cuttinq 

insert of the present invention; 
FiCJUre SA is a cross-sectional view of the 

15 cutting insert of tbe present invention taken through the 
v-v of Figure 4; 

Figure SB is an enlargement of the section 
enclosed in the dotted circle in Figure SA; 

Figure 6 is a diagrammatic illustration 
20 showing the cuttinq edge of the insert on a cylindrical 

envelope defined ):)y the rotation of the cuttinq edge 
about the axis of the rotary millinq tool; 

Figure 7 is a side elevational view of tbe 
cutting insert shown in silhouette: 

25 Figure a is an elevational view of a 11illinq 

cutter showing the cuttinq insert mounted thereon: 
Figures 9 through 11 are fragmented cross­

sectional views taken through lines IX-IX, x-x, and XI­
XI, respectively, of Figure a, and 

30 Figure 12 is a top plan view of the cutting 
insert during a millinq operating showing the production 
of a chip from the workpiece. 

DETAILED DESCBIPl'ION OF THE SEVERAL FtG'QRES 
Referring now to the drawings, and 

35 particularly to Figure 1, there is shown a rotary milling 
cutter indicated generally by the numeral 10. The 
milling cutter 10 is rotatable about a longitudinal axis 
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CL. The rotary milling cutter 10 includes a shank 
portion 12 adapted to be aounted on a lllaChine tool (not 
shown) and a cutting head portion 14. The cutting head 
portion 14 includes a plurality of circumferentially 

5 spaced recesses 16. Each recess 16 includes a support 
surface 18 on which a cutting insert 20 is mounted. 

Referring now to Figures 2 through 5, there is 
shown a cuttinq insert 20 produced in accordance with the 

present invention. The cutting insert 20 comprises a 
10 generally polygonal insert body manufactured from a hard, 

wear-resistant material such as one of a number of 
refractory coated cemented carbide materials, which are 
well known in the art. 

The insert body has a central openinq so 
15 through which a securing screw (not shown) extends to 

mount the insert to the support surface 18 of the milling 
cutter 12. The insert includes a qenerally flat bottom 
face 22, a top face 24, opposed side flanks 26, and 
opposed end flanks 28. Both the side flanks 26 and end 

20 flanks 28 are planar. The intersection of the side 
flanks 26 with the top face 24 defines a pair of cutting 
edges indicated generally by the numeral 30. The 
intersection of the end flanks 28 with the top face 24 

define a pair of side edges 32. 
25 The cuttinq edge 

configuration. Eacb cutting 
30 bas a stepped 

edge 30 is broken into 
offset edge portions 30a, JOb and Joe, and transition 
edge portions 304 and 30e_. The offset edge portions 30a, 
30b, and JOc are inclined with respect to the bottom face 

30 22 of the insert 20 at an average angle of approximately 

5° as can be most clearly seen in Fiqures 3 and 7. By 

anqlinq the offset edqe portions 30a, 30b, and 30c 
relative to the base of the insert 20, it is possible to 
obtain a relatively large axial rake angle "A" as shown 

35 in Figure 7 without the need for providing deeply 
recessed insert seats in the head portion 14 of the 

11111i11nr 
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cutter. Such deeply recessed insert seats couJ.d cause 

excessive structural waakaninq of tbe cutter body 12. 
The offset edqe portions 30a, 30b, and 30c are 

connected by transition edqe portions 30d and 30e. The 

5 transition edge portions 30d and 30e are inclined with 
respect to the bottom 22 of the insert 20 at an anqle of 
inclination that is much greater relative to the bottom 
22 than it is with respect to the offset edge portions 

30a, 30b, and 30c, i.e., 45° versus 5°. The transition 

10 edge portions 30d and 30e form an obtuse angle "a" with 
tbe offset edge portions 30a, 30b, and 30c (as shown in 
Piqure 7). That is, tbe included angle "a" between the 

transition edqe portion and its adjacent offset edqe 

15 

portion is greater than 90°. 

Fiqure 7 schematically shows an insert 20 as 
it is normally oriented with respect to both the center 
line CL of the milling cutter 10, and a workpiece. The 
trailing end of the offset edqe portion 30a is spaced by 

distance "x" from the laadinq edqe of the offset edqe 

20 portion 30b as measured alonq the centerline CL of the 
milling cutter 10. Offset edqe portions 30b and 30c are 
similarly spaced. Thus, when the cuttinq insert 20 is 

mounted in a milling cutter 10, the offset edge portions 
30a, 30b, and 30c do not overlap. A plane extending 

·2s perpendicularly from the center line intersecting one 
off set edge portion will not intersect any other off set 
edge portion. As a result, the transition edge portions 

30d and 30e will be engaged in cutting a workpiece W 
durinq the milling operation, as shown in Figure 12. The 

30 offset edqe portions 30a, 30b, and 30c will produce three 

distinct chip seqments during the milling operation. The 

transition edge portions 30d and 30e will create c;JrOOVes 

between the three chip segments that will tend to divide 

the chip and help to embrittle it, thereby renderinq 

35 chipbreakin9 easier. 



W096/29172 PCT/US96101513 

-8-

As is best seen in Figure 6, each of the 
offset edge portions 30a, 30b, and 30c, and the 
transition edge portions 30d and 30e has a helical 
curvature in order to insure a substantially flat 

5 machined surf ace alonq the sidewall of the cut produced 
by the cutter 10. The entire cutting edge 30 lies on a 
cylindrical envelope defined by the rotation of the 
cuttinq edqe 30 about the centerline CL of the milling 
cutter 10. Each of the offset edqe portions 30a, 30b, 

10 and 30c form a part of a larqe-pitch helix which lies on 
the surface of the cylindrical envelope. The three 
helixes which correspond to the offset edqe portions 3oa, 
30b, and 30c are all parallel to each other. That is, 
the helix defined by each of the offset eclqe portions 

15 30a, 30b, and 30c are equidistant from one another alonq 
their entire length. The transition edge portions 30d 
and 30e are likewise defined by two parallel helixes 31a, 
31b (as indicated in phantom). The helixes defined by 

the transition edge portions 30d and 30e have a smaller 
20 pitch than the helixes defined by the offset edqe 

portions 30a, 30b, and 30c. When the cutting edge 30 is 
tormed with such a curvature, the side surface produced 
durinq machining operations will be flat. 

Referrinq now to the top face 24 of the insert 
25 20, shown best in Figure 4, it is seen that a land 34 is 

formed adjacent to and parallel with the cutting edges 
30. The land 34 ig divided into five land surfaces 34a, 
34b, 34c, 34d, and 34e. Each of the land surfaces 34a 
through 34e is a continuously curved surface which 

30 follows the contour of the cutting edge 30. These 
surfaces may have a helical contour. The land surfaces 
34a, 34b, and 34c are bounded on one edge by respective 
offset edge portions 30a, JOb, and 30c of the cutting 
edge 30, while the land surfaces 34d and 34e are bounded 

35 on one edge by respective transition edge portions 3Dd 
and 30e. A plurality of rake surfaces 36a, 36b, 36c, 
36d, and 36e decline downwardly from. respective land 
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surfaces 34a through 34e. The rake surfaces 36a through 

36e are curved to blend with the land surfaces 34a 

throuqh 34e. Each of these surfaces may also have a 

helical contour. 

5 The side flanks 26 of the insert 20, shown 

best in Figure 3, include a generally planar lower 
portion ·38 and an upper portion 40 which is curved along 

two different axes, as will be explained shortly. The 

planar lower portion 38 facilitates mounting the insert 
10 on the cutter body 12. 'l'he upper portion 40 is divided 

into five relief surfaces 40a, 40b, 40c, 40d, and 40e. 

The relief surfaces 40a through 40e are continuously 
curved with respect to a cylinder defined around the 

center line CL of tbe cutter 10 (as shown in Figure 6) to 

15 provide a smooth transition from the planar lower portion 

38 to the helical cutting edge 30. Each of these 
surfaces may have a helical contour. As is best seen in 

Figure SB, the relief surfaces 40a through 40e are also 
rounded with respect to the plane P (shown in phantom) 

20 that extends over the lower portion 38. The provision of 

such a radiused curvature j\1St under the cutting edges 

advantageously strengthens the cutting edqes Joa through 

Joe by providing them with more support. The relief 

surfaces 40a, 40b, and 40c are bounded on one edge by 

25 respective offset edge portions 30a, 30b, and 30c, while 

the relief surfaces 40d and 40e are bounded by respective 

transition edqe portions 30d and 30e of the cutting edge 
30. 

Each end flank 28 of the cutting insert 20 is 
30 sUbstantially planar. The end flank 28 forms a side edge 

32 at an intersection with the top face 24 of the cutting 

insert 20. The side edge 32 includes a generally 

horizontal wiper portion 32a, and a downwardly sloping 

portion 321:> (Figure 4) • A land surface 42 is formed in 

35 the top face 24 of the insert 20 adjacent the side edqe 

32. The land surface 42 includes portions 42a and 42b 
which are disposed adjacent the wiper portion 32a and 



W096/29172 PCl'/US"101513 

-10-

downwardly sloping portion 32b of the side edge 32 

respectively. Rake surfaces 44a and 44b incline 

downwardly from the land surfaces 42a and 42b. 

Referring now to Figures 8 through ll, the 

5 radial rake angles and relief angle are shown at selected 

points along the cutting edge 30 as shown in Figure 8. 

Figure 9 shows a section view of the insert taken along 

line IX-IX in Figure 8. Fic;JUre 10 shows a section view 

of the insert 20 taken along line x-x of Figure a, while 

10 Figure 11 shows a section view taken along line XI-XI of 

Figure a, respectively. In Figures 9 through ll, the 

circular path followed by the cutting edge 30 of an 

insert 1ll0unted with a rotary milling cutter rotating 

about centerline CL is superimposed on different cross-

15 sections of the insert 20. 

Figures 9 through 11 show the following 

anqles: 

bx • radial rake angle of the rake surface: 
ex • radial rake angle of the land surface: 

20 and 

dx = relief angle. 
The rake angle bx is the angle between the 

rake surf ace and a reference plane RP :measured in a plane 

perpendicular to the axis of centerline CL and that 

25 extends between the centerline axis CL and a point along 

the cutting edge where the measurement is being taken. 

The rake angle cx is the anqle between the land surface 

and the reference plane RP. As will be discussed, the 

rake and land surfaces may be curved. Under these 

30 circumstances, a best fit straight line over each curved 

surface will be sufficient for determining the radial 

rake angles. 
The relief angle dx is defined as the angle 

formed between a line perpendicular to the reference 

35 plane RP and a line extending from the cutting edge 

downwardly alonq the relief surface 40. Since the relief 

surface is curved, then the relief angle will be measured 
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from a line extending from the cutting edge downwardly 

alonq the relief surface 40 which is tangent to the 

relief surface at the cuttinq edge. 
As can be clearly seen in Figures 9 through 

5 11, the rake angles bx and ex increase from the leadinq 
portion of the cutting edqe shown in Figure 9, to the 
trailinq portion of the cutting edqe, shown in Figure 11. 

In the preferred embodiment, the rake surface angle bx 
increases 38t from the leading end of the cuttincJ edqe to 

10 the trailing end, while the land surface angle increases 
34% between these ends. The relief angle dx increases a 

similar proportion from the leading end of the cutting 

edge to the trailing end. 
Figure 12 illustrates a sketch of a cutting 

15 insert of the present invention being used to remove a 
chip from the workpiece. In this Figure, the insert is 
mounted on a cylindrical milling cutter 10 so as to 
perform a milling operation. The cuttinq edge 30 of the 
insert 20 en9ages the workpiece W and shears material 

20 from the workpiece W to form the chip c. As can be 

fUrther seen, the offset edge portions 30a, 30b, and 30c 
of the cutting edge 30 produce a chip comprisinq three 
relatively narrow chip segments. During the cutting 
process, the transition edge portions 30d and 30e of the 

25 cutting edc;re 30 tend to spread the narrow chip segments 
apart to thin or weaken the chip between the sapnents. 
:en certain materials, the thinninc;r of the chip may result 
in the chip segments being separated completely into 
three smaller chips. 

30 In view of the foreqoinc;r, it will be readily 
apparent that the cutting insert 20 of the present 
invention will reduce the cutting forces experienced by 

the cutting edge during milling operations, and 
consequently reduce horsepower requirements. Reduction 

35 of the cutting forces will also lead to longer tool life 
and smoother finished surfaces. 
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The present invention may, of course, be 

carried out in other apecif ic ways than those herein set 
forth without departing from the spirit and essential 

characteristics of the invention. The present 
5 embodiments are, therefore, to be considered in all 

respects as illustrative and not restrictive and all 
chanqes cominq within the meaning and equivalency range 

of the appended claims are intended to be embraced 

therein. 
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l. A cuttinq insert for use in a rotary 
milling tool comprisinq: 

(a) an insert body includinq a bottom 
s face, a top face, and a side face extending between the 

top and bottom faces; 
(b) a stepped cutting edge defined at the 

intersection of the top face and. the side face for 
engaging and cutting a workpiece and remc:wing a chip 

10 therefrom, said stepped cuttinq edge including at least 
two offset edge portions, each of which creates a chip 
segment, and 

(c) means for enqaqing and cuttinq the 
workpiece and for creating a thinned chip portion between 

15 the chip segments created by said offset eclqe portions to 
facilitate the breaking of said chip segments, including 
a transition edge portion joining the offset edge 
portions. 

2. The . cutting insert according to claim l 
20 wherein the offset eclge portions are curved such that the 

offset edge portions lie on the surface of a 
circumscribing cylinder defined by the rotation of the 
cutting edge about the axis of the milling tool. 

3 • The cuttinq insert accordinq to claim 2 
25 wherein the offset edge portions are helical. 

4 • The cutting insert accordinq to claim 3 
wherein the offset edge portions are parallel to one 
another. 

1111111111111111111 11111111111 
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5. The cutting insert according to claim 2 
wherein the transition edge portion means is curved such 
that· the transition edge portion means lies on the 
surface of a circumscribing cylinder defined by the 

5 rotation of the cutting edge about the axis of the rotary 
milling tool. 

6. The cutting insert according to claim 5 
wherein the transition edge portion means is helical. 

7. The cutting insert according to claim 2 
10 wherein the side face of the insert adjacent the cutting 

edge includes a continuously curved relief surface 
adjacent each of the offset edge portions. 

8. The cutting insert according to claim 2 
wherein the top face includes a continuously curved rake 

15 surface adjacent each of the offset edge portions. 
9. The cutting insert according to claim 1 

wherein the off set edge portions of the cutting edge are 
disposed at an anqle relative to the bottom. face of the 
insert for increasing an axial rake angle of the edge 

20 portions relative to an axis of rotation. 
10. A cutting insert for use in a milling 

tool that rotates a):)out an axis, comprising: 
(a) an insert body including a bottom 

face, a top face, and a side face extending between the 
25 top and bottom facesr 

(b) a stepped cutting edge defined at the 
intersection of the top face and· the side face for 
engaging a workpiece and removing a chip therefrom, said 
stepped cutting edge including at least two offset edge 

30 portions spaced apart from one another which produce 
distinct transversely spaced chip segments during a 
cutting operation, said offset edqe portions being 
lonqitudinally spaced to avoid overlapping during a 
milling operation; and 

35 (c) means for enqaqing and cuttin9 the 
workpiece and for creating a thinned chip portion between 
the chip seqments created by said offset edge portions to 

' lllllll llllll 11111 lllll ll 1111 
* C L M S * 
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facilitate the breaking of said chip segments including a 
transition edge portion joininq the offset edge portions, 
the .transition edge portion having an axial rake angle 

less than 90° such that cutting occurs continuously along 
5 the entire length of the cutting edge during milling 

operations. 
11. The cutting insert according to claim 10 

wherein the off set edge portions are curved such that the 
offset edge portions lie on the surface of a 

10 cirCU111Scribin9 cylinder defined by the rotation of the 
cutting edge about the axis of the milling tool. 

12. The cutting insert according to claim 11 
wherein the offset edge portions are helical. 

13. The cutting insert according to claim 12 
15 wherein the offset edqe portions are parallel to one 

another. 
14. The cutting insert according to claim 11 

wherein the transition edge portion means is curved such 
that the transition edge portion means lies on the 

20 surface of a cirCUlllScribing cylinder defined by the 
rotation of the cutting ~qe about the axis of the rotary 
milling tool. 

15. The cutting insert according to claim 14 
wherein the transition edge portion means is helical. 

25 16. The cutting insert according to claim 11 
wherein the side face of the insert adjacent the cutting 
edge includes a continuously curved relief surf ace 
adjacent each of the offset edge portions, and wherein at 
least a portion of the relief surface between said 

30 cutting edge and said side face is rounded for 
reinforcing the strenqth of the cutting edge. 

17. The cutting insert according to claim 11 
wherein the top face includes a continuously curved rake 
surface adjacent each of the offset edge portions. 

35 18. The cuttinq insert according to claim 10 
wherein the off set edge portions of the cuttinq edge are 
disposed at an angle relative to the bottom face of the 

~~~~~~~~~ 
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insert for increasing an axial rake angle of the edge 
portions relative to said axis of rotation. 

19. The cuttinq tool accordinq to claim 11 

wherein a radial rake angle of a rake surface and a 
5 relief angle of said cutting edge substantially increases 

from a leading and a trailin9 end of said cutting ed9e. 

20. A cuttin9 insert for use in a millinq 
tool that rotates about an axis, comprising: 

(a) an insert body including a bottom 
10 face, a top face, and a side face extending between the 

top and bottom faces; 
(b) a stepped cutting edqe defined at the 

intersection of tbe top face and the side face for 
engaging and cutting a workpiece, and including at least 

15 two offset edqe portions, each of which creates a chip 
se911lent, and each of which are convexly curved such that 
said edqe portions lie on the surface of a circumscribinq 
cylinder defined by the rotation of the cuttinq edqe 

about the axis of the :millinq tool, and 
20 (c) means joining the offset edqe 

portions for enqaginq and cutting the workpiece and for 
creatinq a separate, thinner chip segment between the 
chip segments created by the offset edge portions for 
facilitatinq the breaking of all of said chip segments 

25 including a substantially straight transition edge 
portion, said transition edqe portion intersecting said 

offset edge portions in an obtuse anqle. 

11111111111111111111111111 1111 
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