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[57] ABSTRACT 
An annular cutter having a cylindrical side wall pro 
vided with cutting teeth spaced circumferentially 
around its lower end, the inner periphery of [each 
tooth] a plurality of teeth being radially relieved to 
provide a narrow margin at the inner side of [each 
tooth] the plurality of teeth directly behind the cutting 
edge thereof and simultaneously provide a large escape 
path for chips and an enlarged coolant passageway 
directly adjacent the cutting teeth. 

27 Claims, 1 Drawing Sheet 
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Matterenelosedinhearybrackets I: ] appearsinthe 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions made 
by reissue. 

This application is a continuation-in-part of my ear 
lier tiled application Ser. No. 06/303,917, ?led Sept. 21, 
1981 and now abandoned. This invention relates to an 
annular cutter for forming holes in workpieces. 
One of the common problems associated with annular 

cutters is wear and chipping of the radially innermost 
edges of the cutter teeth. It has been found that this 
problem arises from the fact that during a cutting opera 
tion metal chips become lodged between the inner pe 
riphery of the cutter teeth and the outer periphery of 
the central slug in the workpiece that is produced by the 
cutter. These chips build up and become welded to the 
inner periphery of the cutter adjacent the leading edges 
of the cutter teeth. The build up of metal at the inner 
periphery of the cutter teeth creates considerable fric 
tion and increases the torque required to rotate the 
cutter. It also results in the creation of additional heat 
and produces excess wear which hastens failure of the 
cutter by chipping and breakage. This chip build up 
around the inner periphery of the cutter also produces 
radial loads on the cutter which result in oversized 
holes with a poor ?nish and also leads to breakage. It is, 
therefore, apparent that cutter life can be increased by 
reducing friction to a minimum and by cooling the 
cutting edges efficiently. 

It is an object of this invention to overcome the prob 
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lem of wear, chipping, overheating and breakage of 35 
annular cutters resulting from build up of chips around 
the inner periphery of the cutter. 
More speci?cally, it is the object of this invention to 

form an annular cutter so that the inner periphery of the 
cutter body has minimum surface contact with the cen 
ter slug being formed by the cutter. 
Another speci?c object of this invention is to provide 

a large volume coolant passageway directly adjacent 
the cutter teeth. 

Other objects, features and advantages of the present 
invention will become apparent from the following 
description and accompanying drawing, in which: 
FIG. 1 is a side elevational view of a cutter according 

to the present invention; 
FIG. 2 is a fragmentary plan view of the lower end of 

the cutter; 
FIG. 3 is a sectional view along the line 3-3 in FIG. 

1; 
FIG. 4 is a view similar to FIG. 2 and illustrating 

another embodiment of a cutter according to the pres 
ent invention; and 
FIG. 5 is a fragmentary elevational view of one cutter 

tooth as viewed from the inner periphery of the cutter. 
The cutter of the present invention is generally desig 

nated 10 and is formed with a shank 12 at its upper end 
from which an annular side wall 14 depends. The lower 
end of side wall 14 is formed with a plurality of circum 
ferentially spaced cutting teeth 16. Between the succes 
sive teeth 16 the wall 14 is formed with upwardly ex 
tending helical ?utes 18 which have a radial depth pref 
erably equal to about one-half or less the thickness of 
wall 14. Thus, each ?ute 18 is radially juxtaposed to a 
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2 
web 20. In one form of cutter according to the present 
invention each tooth 16 is formed with‘ three radially 
extending and circumferentially staggered cutting 
edges; namely, an inner cutting edge 22, an intermediate 
cutting edge 24 and an outer cutting edge 26. Cutting 
edges 22,24 are formed at the lower end of webs 20 and, 
to accommodate the chips formed thereby, the adjacent 
portion of the webs is formed with an inner gullet 28 
and an outer gullet 30. Cutting edge 22 is defined by the 
lower end of the trailing face 27 of gullet 28 and cutting 
edge 24 is de?ned by the lower end of the trailing face 
29 of gullet 30. Cutting edge 26 is de?ned by the lower 
end of the trailing face 31 of ?ute 18. These trailing 
faces are generally ?at and the upper ends of gullets 28 
and 30 are somewhat rounded. 

Cutting edges 22,24 are interconnected by a circum 
ferential shoulder 32 and cutting edges 24,26 are con 
nected by a circumferential shoulder 34. As shown in 
FIG. 3, each shoulder 32,34 is formed with a radius 
where it connects with the next successive cutting edge. 
These three cutting edges are also vertically or axially 
staggered by reason of the fact that each tooth is formed 
with a pair of back-off faces 36,38 which extend circum 
ferentially rearwardly from these cutting edges in an 
upwardly inclined direction, for example, at an angle of 
about 8' to 15'. In addition, back-off face 36 inclines 
radially inwardly and axially upwardly and back-off 
face 38 inclines outwardly and axially upwardly. These 
two back-off faces intersect in a crest 40. Depending 
upon the intended use of the tool, back-off face 36 may 
inclined radially at an angle of +25‘ to —3°, preferably 
about 15‘, to the horizontal and back-off face 38 may 
incline radially at an angle of about 5' to 35', preferably 
between about 5' to 10°. 
The cutting edges 22,24,26 are vertically and/or cir 

cumferentially staggered a distance such that each of 
these cutting edges will cut a separate chip or at least 
tear the thin web of material which would tend to con 
nect the chips. By reason of the inclination of cutting 
edges 22,24, both radially and axially, the chips cut by 
these edges will be directed upwardly through their 
respective gullets and into ?ute 18. Likewise, the chip 
cut by the outer cutting edge 26 will be directed up 
wardly through the adjacent ?ute 18 so that all of the 
chips are discharged smoothly and readily upwardly 
through the inclined ?utes 18. 
As shown in FIG. 2, the inner periphery i of wall 14 

is relieved radially outwardly from directly behind the 
line of intersection, designated 41, between the inner 
periphery of the cutter and the trailing face 27 of gullet 
28 to form a clearance space 42 and so as to leave at 
most a narrow margin in extending circumferentially 
rearwardly and upwardly from the inner cutting edge 
22 of each tooth. In the embodiment shown in FIG. 2 
the clearance space 42 is formed by removing metal 
from the inner periphery of the cutter wall at each tooth 
by means of a cylindrical cutter or grinding wheel 43 in 
which case the relieved portion is de?ned by a segment 
of a circumferential are 44. The inner periphery of the 
cutter is preferably relieved in the more expedient man 
ner illustrated in FIG. 4 where, instead of grinding the 
relief as an are at the radially inner face of each tooth, 
it is ground as a ?at surface 46 simply by means of a 
wheel 48 directed radially through each gullet 28 at a 
predetermined desirable angle. In this case the clear 
ance space 50 is of progressively increasing width in a 
rearward direction. 
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The maximum width of margin m should not exceed 
about 0.040" and should preferably lie in a range of 
about 0.002 to 0.015". A narrow margin is desirable 
because it imparts radial stability to the cutter and tends 
to prevent cutting oversize holes. However, it is not 
essential to provide a margin on every tooth. If the 
inner periphery of the cutter is relieved directly to the 
line of intersection between the inner periphery of the 
cutter and the trailing face 27 of a gullet 28 (the broken 
line designated 52 in FIG. 5), there is formed a verti 
cally extending side cutting edge rather than a verti 
cally extending margin. This reduces to a minimum the 
friction between the inner periphery of the cutter and 
the central slug produced by the cutter. However, 
when the cutters are manufactured on a production 
basis, it is difficult to relieve every cutting edge on 
every cutter to form such vertical cutting edges so that 
all will be spaced exactly the same radial distance from 
the axial center of the cutter as the circular ground 
margins in. Therefore, it is more practical and certainly 
desirable to relive the cutter so as to leave a narrow 
inner margin on every tooth or at least most of the teeth. 
The relief may be formed so that the margin tapers from 
a very small dimension at the axially leading end of the 
tooth to a progressively greater width in an upward 
direction. This assures the presence of at least a narrow 
margin when the cutter is initially manufactured and 
also after it has been repeatedly sharpened by grinding 
both the back-off faces and also the gullet faces 27. 
Thus, as shown in FIG. 5, the margin m may be ground 
so that initially it has a width at its lower end of about 
0.002 to 0.005" and about 0.015" at its upper end. The 
vertical extent of margins in is preferably slightly 
greater than the vertical extent of gullets 28 so that the 
relieved portions 42,50 extend upwardly at least slightly 
beyond the upper ends of gullets 28. 
As pointed out previously, one of the problems in 

volved in using annular cutters of the general type de 
scribed herein is the lodging of chips between the inner 
periphery of the cutter wall and the outer periphery of 
the central slug formed by the annular cutter. The pro 
vision of, at most, a narrow margin m in combination 
with the clearance passageway at the inner side of each 
tooth substantially eliminates this problem. If a chip 
becomes wedged between the inner periphery of the 
cutter and the central slug, the high unit pressure ex 
erted thereon by the narrow margin m or the vertical 
side cutting edge results in fracture of the chip or at 
least wearing down of the chip sufficiently so that it will 
be promptly discharged into the clearance space or 
passageway and then radially outwardly into the next 
successive gullet and ?ute. 
From the above explanation it follows that the escape 

passageways 42,50 must have a suf?cient radial dimen 
sion to accommodate any chip which enters the clear 
ance space. Normally cutters are designed to be oper 
ated at a feed rate that will produce a chip load (chip 
thickness) up to about 0.005". Therefore, the escape 
passage should have a radial dimension where it con 
nects with the succeeding gullet of at least this dimen 
sion. However, the escape passageway should also have 
this minimum radial dimension fairly close to the rear 
edge of the margin so that it is free to escape promptly 
after it encounters the margin. Experience has shown 
that where the escape passageway is de?ned by a sur 
face which inclines radially outwardly at an angle of 
about at least 3', and preferably at least 7‘, to the tan 
gent at the rear edge of the margin, or the vertical side 
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4 
cutting edge in the absence of a margin, the required 
0.005" radial width of the escape passageway occurs 
sufficiently close to the margin or side cutting edge to 
provide for the ready discharge of chips therethrough. 
This angle to the tangent is designated a in FIGS. 2 and 
4 and is illustrated as about 12', which is preferred for 
the cutter configuration shown in FIG. 4. When the 
clearance space is formed as an arcuately shaped pas 
sageway which has a maximum width intermediate its 
opposite ends, it is imperative that the discharge end of 
the passageway have a width of at least about 0.005". 
Where the cutter is supplied with a coolant directed 

downwardly through a central passageway 54 in the 
shank of the cutter, it is apparent that the clearance 
passageway provides an additional function; namely, 
the provision of a large volume of coolant directly 
adjacent the teeth that now have a mass less than they 
would otherwise have if the clearance spaces were not 
provided. While the larger volume clearance spaces 
may be desirable from the standpoint of efficiently cool 
ing the teeth, care must be taken not to relieve the teeth 
to an extent that reduces the mass of the individual teeth 
to a point where they will be inherently weak. 
To illustrate the improved results obtained with cut 

ters formed according to the present invention, two 
cutters were tested under the same conditions and the 
results obtained are set forth below. Both cutters had an 
outer diameter of ll" and were of the general type 
illustrated in FIG. 1. The cutters were of identical de 
sign and dimensions and differed from one another only 
in that the cutter designated below as “A” bad no inside 
margins and the cutter designated below as “B” had 
inside margins formed thereon in a manner similar to 
that shown in FIG. 4, the margins having widths of 
about 0.002 to 0.005". Both cutters were rotated at 150 
R.P.M. to cut holes through a 2" 1018 steel bar. 

Hole Slug 
Feed Rate Finish Finish Hole 
Chip Load Micro Micro Oversize 
In./Min. HP Thrust Inches Inches Inches 

CUTTER A 

.002 3.6 3.6-4.0 571 lbs. l50 150 .005" 

.003 5.4 4.8-5.2 755 lbs. 500 500 .009" 

.004 7.2 8.0-9.0 1123 lbs. SW $00 .010" 
CUI'I‘ER B 

.002 3.6 3.5-3.9 541 lbs. 150 l00 .0035" 

.003 5.4 5.0-5.5 757 lbs. 375 250 .0045" 

.004 7.2 6.9-7.5 1002 lbs. 500 250 IDS" 

.(X)5 9.0 8.6-9.2 I185 lbs. 500 375 .000" 

From the above results the advantages of the present 
invention are readily seen. In all cases the holes formed 
with cutter B were substantially less overside and ap 
peared to have a smooth ?nish. At the higher feed rates 
cutter B required less horsepower and less thrust. Cut 
ter A was not tested at a chip load of 0.005" because it 
was anticipated that the cutter might possible break 
under such load. 

I claim: 
1. An annular cutter having a body provided with a 

generally cylindrical side wall, said side wall having a 
plurality of circumferentially spaced teeth around its 
lower end and a plurality of spiral ?utes around its outer 
periphery extending upwardly from between the suc 
cessive teeth, each tooth having at least one radially 
extending cutting edge, there being gullets extending 
radially outwardly from the inner periphery of the side 
wall to said flutes between successive teeth to facilitate 
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the discharge of chips cut by said cutting edges radially 
outwardly and upwardly into said ?utes, each gullet 
having a radially extending trailing face extending up 
wardly from the radially inner portion of each cutting 
edge, each tooth having a radially inner back off face 
inclining downwardly and radially outwardly and an 
outer back off face inclining downwardly and radially 
inwardly, said back off faces intersection in a sharp crest 
de?ned by a line which extends circumferentially rear 
wardly from the front face of each tooth, said crest, 
when the cutter is rotated and advanced into the surface 
of a workpiece, the cutting action by forming a 
V-shaped groove in said surface, the inner periphery of 
[each tooth] ep a plurality of said teeth being relieved in 
a radially outward direction to provide a circumferen 
tially extending radial clearance space between the 
inner periphery of [the tooth] each of said plurality of 
teeth and the central slug formed in the workpiece by 
the cutter, said clearance space extending rearwardly 
from a generally vertically extending line spaced rear 
wardly from the line of intersection of said inner periph 
ery and the trailing face of [each] the gullet of each of 
said plurality of teeth , the inner peripheral surface of 
each [tooth] of said plurality of teeth between said 
vertically extending line and said line of intersection 
forming a margin therebetween having a circumferen 
tial width [of between 0.002" to 0040"], said margins 
forming [a] segments of a cylindrical surface concen 
trio with the central axis of the cutter, the inner periph 
ery of each [tooth] of said plurality of teeth being re 
lieved such that said clearance space is progressively 
wider radially in a circumferentially rearward direction 
and extends rearwardly on each [tooth] of said plum! 
ity of teeth to the next successive rearward gullet. 

2. A cutter as called for in claim 1 wherein said clear 
ance space is defined by a generally vertical surface 
which inclines radially outwardly from said vertically 
extending line at an angle of at least between about 3‘ to 
7’ to the tangent of said inner periphery of said line. 

3. A cutter as called for in claim 2 wherein [at at least 
most of said teeth] said vertically extending line is 
spaced rearwardly from said line of intersection to form 
a margin having a circumferential width of between 
about 0.002 to [0015"] 0.040". 

4. A cutter as called for in claim 2 wherein said verti 
cally extending line is inclined slightly rearwardly rela 
tive to said line of intersection such that said margin is 
wider at its upper end than its lower end. 

5. A cutter as called for in claim 2 wherein said mar 
gin is at least coextensive in height with said line of 
intersection. 

6. A cutter as called for in claim 2 wherein [each 
tooth is] a plurality of said teeth are provided with a 
plurality of circumferentially staggered cutting edges, 
the radially innermost cutting edge being disposed for 
ward in the direction of rotation of the cutter from the 
next radially adjacent cutting edge. 

7. A cutter as called for in claim 6 wherein said verti 
cal surface is ?at and inclines radially outwardly at an 
angle of about 12' to said tangent. 

8. A cutter as called for in claim 2 wherein said body 
has an axially extending coolant passageway there 
through. 

9. A cutter as called in for claim 6 wherein said crest 
extends circumferentially rearwardly from the radially 
outermost cutting edge. 

10. An annular cutter having a body provided with a 
generally cylindrical side wall, said side wall having a 
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6 
plurality of circumferentialbt spaced teeth around its lower 
end and a plurality of ?utes around its outer periphery 
extending upwardly from between the successive teeth, each 
tooth having at least one radially extending cutting edge, 
and gullets extending radially outwardly from the inner 
periphery of the side wall communicating with said ?utes 
between successive teeth to facilitate the discharge of chips 
cut by said cutting edges radially outwardly and upwardly 
into said ?utes, each gullet having a radially extending 
trailing face extending upwardly from the radially inner 
portion of each cutting edge, the inner periphery of at least 
some of said teeth being relieved in a radially outward 
direction to provide a circumferentially extending radial 
clearance space between the inner periphery of each of said 
plurality of teeth and the central slug formed in the work 
piece by the cutter, said clearance space extending rear 
wardly from a generally vertically extending line spaced 
rearwardly from the line of intersection of said inner pa 
riphery and the tailing face of the gullet of each of said 
plurality of teeth, said clearance space being defined by a 
generally vertical surface which inclines radially outwardly 
from said vertically extending line, the inner peripheral 
surface of each of said plurality of teeth between said verti 
cally extending line and said line of intersection forming a 
margin therebetween having a circumferential width, said 
margins forming segments of a cylindrical surface concen 
tric with the central axis of the cutter, said inner pertpheur 
of each of said some of said teeth being relieved such that 
said clearance space extends rearwardly on each of said 
teeth to the next successive rearward gullet. 

II. A cutter as called for in claim 10, wherein said 
clearance space has a progressively increasing width in a 
rearward direction. 

12. A cutter as calledfbr in claim 10 wherein said verti 
cally extending line is spaced rearwardly from said line of 
intersection to form a margin having a circumferential 
width of between about 0.002 to 0.040". 

13. A cutter as called fbr in claim 10 wherein said verti 
cally extending line is inclined slightly rearwardly relative 
to said line of intersection such that said margin is wider at 
its upper end than its lower end. 

14. A cutter as called for in claim 10 wherein a plurality 
of said teeth are provided with a plurality of circumferen 
tially staggered cutting edges, a radially innermost cutting 
edge being disposed forward in the direction of rotation of 
the cutter from the next radially adjacent cutting edge. 

15. A cutter as called for in claim 10 wherein said body 
has an axially extending coolant passageway therethrough. 

16. An annular cutter having a body provided with a 
generally cylindrical side wall, said side wall having a 
number of circumferentially spaced teeth around its lower 
end with chip passages extending upwardly from between 
the successive teeth, each tooth having at least one radially 
extending cutting edge, the inner periphery of a plurality of 
said teeth being relieved in a radially outward direction to 
provide a circumferentially extending radial clearance 
space between the inner periphery of said plurality of teeth 
and a central slug formed in the workpiece by the cutter. 
said clearance space being de?ned by a generally vertical 
surface which inclines radially outwardly from said gener 
ally vertical line, said clearance space extending rear 
wardly from a generally vertical line spaced rearwardly 
from the radially innermost portion of said respective cut 
ting edge forming a margin therebetween having a circum 
ferential width. said margin forming a segment of a cylin 
drical surface concentric with the central axis of the cutter. 
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17. A cutter as called for in claim 16, wherein said 
clearance space has a progressively increasing width in a 
rearward direction. 

18. A cutter as called for in claim 16. wherein said 
margin has a circumferential width of between about 0. 002 
to 0.040”. 

19. A cutter as called for in claim 16, wherein said body 
has an axially extending coolant passage therethrough 

20. A cutter as called for in claim I 6, wherein the inner 
periphery of each of said plurality of teeth is relieved such 
that said clearance space extends rearwardly on each of 
said plurality of teeth to the next successive rearward chip 
passage. 

21. An annular cutter having a body provided with a 
generally cylindrical side wall, said side wall having a 
plurality of circum?'rentially spaced teeth around it lower 
end, each tooth having at least one radially extending 
cutting edge. gullets extending radially outwardly from the 
inner periphery of said side wall between successive teeth to 
facilitate the discharge of chips cut by said cutting edges 
outwardly and upwardly, said gullets having a generally 
radially extending trailing face extending outwardly from 
the radially inner portion of said cutting edge, the inner 
periphery of at least some of said teeth being relieved in a 
radially outward direction to provide a circumferentially 
extending radial clearance space between the inner periph 
cry of the tooth and a central slug formed in a workpiece by 
said annular cutter, said clearance space extending rear 
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8 
wardly from a line spaced rearwardly and generally paral 
lel to a line of intersection of said inner periphery and said 
trailing face of said gullet. said inner peripheral surface 
between the line of intersection and said parallel line form 
ing a margin therebetween, said margins forming segments 
of a cylindrical surface concentric with the inner periphery 
of said cutter, said inner periphery adjacent each margin 
being relieved such that said clearance space is progres 
sively wider radially in a circumjerentially rearward direc 
tion. 

22. A cutter as ‘called for in claim 10, wherein said 
generally vertical surface is defined by a segment of a 
circumferential arc. 

23. A cutter as called for in claim 21 wherein said clear 
ance extends rearwardly into the next successive rearward 
gullet. 

24. A cutter as called for in claim 21 wherein said body 
has a generally axially extending coolant passage there 
through. 

25. A cutter as called for in claim 21 wherein said mar 
gins have a circumferential width of about 0.002” to about 
0.040”. 

26. A cutter as called for in claim 16, wherein said 
generally vertical surface is defined by a segment of a 
circumferential are. 

27. A cutter as called for in claim 16, wherein said 
clearance space is defined by a generally vertical surface. 

’ ‘ Q I I 


