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Up to now, research work on chip-breaker design, sponsored 
by NMTBA, has been kept under wraps. A year or more ago, 
we asked Professor Henriksen, in charge ·of the project, to 
write us a Special Report, which we herewith publish. It 
differs considerably from the "general release" curreotly 
appearing elsewhere. Our design charts have straight rctther 
than curved lines for greater accuracy and include a new 
concept, that of balanced chip-breaker design 
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FIG. 1 • . Straight chip (plain tool) and curled chip (ch ip breaker tool) FIG. 2 . . The principal action of an ordinary 
chip breaker too l: The chip breaker curls the 
chip; the curling chip meets an obstacle (ar-
row); pressu,re builds up and the chip breaks 
(arrow) . 

Chip-breaker dimensions are critical 

High-speed cutting of steel with 
carbide tools which have no chip 
breakers is troublesome for well-
known reasons; but, unfortunately, 
it is by no means always trouble-
free even if chip breakers are used, 
although the troubles may then 
sometimes take on a different char-
acter. 

It is the old story of too little and 
too much-too little chip breaking 
leaves the chip in the snarling 
stage, just as from a plain tool with 
no chip breaker at all ; too much 
chip breaking produces flying chips, 
which are a nuisance, if not an 
outright danger, to the operator, 
and likewise a danger to the tool 
itself. 

Successful chip breaking re-
quires a chip breaker of balanced 
design; that is, a chip breaker 
which curls and breaks the chip 
to the desired degree with mini-
m um obstruct ion t o chip flow. 

To clarify the new term, "Bal-
anced Chip- Breaker Design ," the 
action of the chip breaker must 
first be analyzed. Such an analysis 
will reveal that the time-honored 
name, "chip breaker," is really a 
misnomer. Closer study will show 
that the chip breaker does not 
break the chip; its action is pri-
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marily that of curling or bending 
the chip (see Fig. 1), whereas the 
actual breaking is a secondary ef-
fect, which requires (a) that the 
flow of the curling chip meet an 
obstacle, and (b) that the chip have 
so much rigidity that a breaking 
pressure can build up (see Fig. 2) . 

The amount of curl that ,a chip 
undergoes as it passes over the chip 
breaker depends on chip-breaker 
dimensions, primarily on width w 
and height h . Most authorities deal-
ing with chip breakers realize this 
fact to some extent and provide 
t-ables for chip-breaker width w in 
relation to feed, sometimes also to 
depth of cut. 

In most cases it is recommend-
ed that width w be taken as a 
certain factor multiplied by the 
feed (with some modifications for 

various values of depth of cut). 
The second chip-breaker dimen-

sion, height h, is usually treated 
rather vaguely, as is the question 
of any possible effect on chip break-
ing caused by variations in cutting 
speed, rake angle, properties of 
the work material, and the like. It 
is realized, however, in the exist-
ing tables that these other factors 
may have some effect ; therefore, 
the common recommendation is to 
experiment to find the best - or 
perhaps just the workable-condi-
tions. 

The same situation was faced by 
the author in a large Copenhagen 
machine shop back in 1947-48; and 
this led to a series of experiments 
in the machine-tool laboratory of 
the Royal Technical University of 
Denmark, for the purpose of deter-

table 1 .. CONVERSION FROM RADI US 8 TO WIDTH w AND HEIGHT h 
(All dimension s in inches) 

Radius B 
0.100 0.150 0.200 0.300 Q.400 0.500 0.600 0.700 0.800 0.900 1.000 

Height Width w 
b 

0.015 0.053 0.065 0.076 0.094 0.108 0.121 0.133 0. 144 0.154 0.164 0.173 
0.020 0.060 0.075 0.087 0.108 0.125 0.140 0.154 0.166 0.178 0.188 0.199 

0.025 0.066 0.083 0.097 0.120 0.139 0.156 0.171 0.185 0.198 0.211 0.222 

0.030 0.071 0.090 0.105 0.131 0.152 0.171 0.187 0.203 0.217 0.230 0.243 
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FIG. 3 . . The chip flow circle. Two chip 
breakers, of different widths and heights, but 
with the some size of the chip flow circle, 
will curl and break the chip in a similar 
manner 

FIG. 4 .. Geometry of the chip-breaker pro-
file, showing the relationship between wid;th 
w, height h, and radius 8 in the chip-flow 
circle 

• in taming chips ... 

E 

B ~· B 

A A 

FIG. 5 .. Chip classification and types of chips pro-
duced by two chip breakers of different radius 8 
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mining the effect of width w and 
height h separately. To begin with, 
the trends appeared to be quite 
obscure, but there was a striking 
similarity between the behavior of 
two particular chip breakers. Al-
though of different width w and 
height h, these two chip breakers 
would always give practically 
identical performance; if one chip 
breaker would break the chip, the 
other would break the chip in 
practically the same fashion when 
applied under the same cutting 
conditions, and if one chip break-
er would fail, the other would also 
fail. 

When the two chip-breaker pro-
files are placed one on top of the 
other, Fig. 3, their significant rela-
tionship is revealed: the two chip 
breakers determine the same chip-
fiow circle. This fundamental ob-
sennation was confirmed through 
subsequent tests, and establishes 
the general principle of chip-
breaker action: 

Two chip breakers, having the 
same size of chip-fiow circle, will 
break the chip in (practically) the 
same manner. 

The geometry of the chip break-
er, and its chip-flow circle, is 
shown in Fig. 4. If the mdius in the 
chip-flow circle is called B (for 
bending, because the chip breaker 
bends the chip), we have 

Corresponding values for B, w 
and h are given in Table I , and can 
also be taken from the diagram, 
Fig. 9. 

Rigidity of the chip, as referred 
to above, is determined to some 
extent by its curl, but largely by its 
thickness, therefore by the feed. 
This very important relationship is 
clearly illustrated by this simple 
experiment, which can be made in 
any shop: 

Make a cutting test on low- or 
medium-carbon steel at a cutting 
speed between 300 and 400 sfpm 
(to be kept as near as possible con-
stant during the test) and with1/s-
in. depth of cut. The tool should 
have 0° side-cutting edge angle 
(no lead angle, straight turning 
tool) and chip-breaker dimensions 
should be approximately 0.125- in. 
width and 0.020- in. height. This 
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FIG. 6 .. Chart for dete rmi-
nation of radius B of a 
chip breaker in relation to 
feed, showing usable and 
preferred feed ranges. Free-
cutting steel B 1112, 55,000-
75,000 psi tensile strength, 
35,000-50,000 psi yield poin t, 
126-150 Bhn 

FIG 7 . . Chart for determi-
nation of radius B of chip 
breaker in relation to feed, 
showing usable and pre-
ferred feed ranges. Plain 
carbon steel C 1015, 47,000-
60,000 psi tensile strength, 
30,000 • 40,000 psi yield 
point, 101-140 Bhn 

FIG. 8 .. Chart for determi-
nation of radius B of a chip 
breaker in relation to feed, 
showing usable and pre-
ferred feed ranges . Alloy 
steel 4140, annealed, 85,000-
105,000 psi tensile strength, 
55,000 · 75,000 psi yield 
point, 170-223 Bhn 

American Machinist • April 26, 1954 



FIG. 9 .. Chart for conversion of radius 8 .of chip breaker to width w and height h 

FIG. 10 . . A variation in the depth of cut changes the direction of 
chip flow and causes the chi,p to strike the chip breaker at a dif-
ferent angle 

FIG. 11 .. Thickness of the cut is influenced by the side-cutting-edge 
angle on the tool 

will result in a radius B of almost 
0.400-in. (exactly 0.391 in.). Use 
a lathe with all fine feed steps; be-
g,in with a feed of 0.005-in. and 
increase the feed through all the 
steps to a value between 0.025 and 
0.030 in. Collect typical samples of 
chips from each feed step, and ar-
range in order of increasing feed. 

Such a test will give a picture 
like that in Fig. 5, in which chips 
from tests with two chip breakers 
of different radii B are shown in 
relation to the corresponding feeds. 
This illustrates, in a nutshell, the 
whole basic story of chip breaking, 
which is: 

a. The radius B in the chip-flow 
circle, together with the feed, con-
trols the degree of chip breaking. 

b. Chip breaking is increased at 
increasing feeds and decreasing 
radii B. 

c. Any type of chip can be pro-
duced by any chip breaker, but 
only within a limited range of 
feeds. 

In Fig. 5 is also shown a system 
of chip classification, and it now 
remains to select the "satisfactory" 
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or "acceptable" chip type or types. 
This, however, depends upon 
whether we are dealing with high-
production conditions or with 
short-run or single jobs. 

High production requires special 
tooling anyhow, and it is therefore 
economical to design each tool, in-
cluding its chip breaker, for one 
purpose only. The most desirable 
type of chip is the one which is 
easiest to handle ( the "shoveling" 
chip) and which, at the same time, 
does not sacrifice tool life. These 
conditions are simultaneously ful-
filled by the "regular intermittents" 
and the "full turns" (including 
three-quarter turns). Feed ranges 
within which these two chip types 
are produced constitute, therefore, 
the "preferred range" of feeds. A 
middle line ·through the preferred 
range is the bull's-eye at which the 
design should be aimed. This is the 
middle-of-the-road course, where 
maximum safety is provided in 
either direction, to take care of 
unavoidable irregularities in prop-
erties of the material, quality and 
accuracy in chip-breaker grinding, 

condition of the cutting edge, and 
so on. 

Production conditions in the job 
shop require versatile equipment 
in general, and therefore tools of 
a general-purpose character. In 
terms of chip breakers, it means 
the widest possible range of feeds, 
consistent with a tool life which is 
still acceptable, although shorter 
than required for high-production 
tools. For general-purpose tools we 
can, therefore, include the "infinite 
helix"; this is a chip type which is 
well under control and can be 
conveniently guided into the chip 
pan of the machine. We can also 
include a certain •amount of half 
turns ("half moons"); as long as 
they appear in mixture with larger 
chips they are not too hard on the 
tool •and can be accepted for short-
run jobs. But when half turns ap-
pear in large quantity, and par-
ticularly when they gradually 
change to fragments and splinters, 
we have "over-breaking" of the 
chips and the tool is exposed to 
a heavy, vibrating load which very 
soon will have damaging effects. 
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FIG. 13 .. Geometry of chip-breaker grinding FIG. 14 . . The tool breaker . . . 

This expansion of the range 
of acceptable chips results in a 
"usable range" of feeds, applicable 
to general-purpose tools, and nor-
mally up to twice as large as the 
preferred range recommended for 
high-production tools . 

The preferred arid us•able ranges 
of feeds for three representative 
g,rades of steels were determined 
through the author's almost year-
long research project at Cornell 
University, generously sponsored 
by the National Machine Tool 
Builders' Association and sup-

ported in various ways by other· 
sections of American industry in 
the common interest of promoting 
the art of metal cutting. 

Some of the results are condensed 
in Figs. 6, 7 and 8, covering free-
cutting steel B 1112, plain carbon 
steel C 1015 and alloy steel 4140 
annealed. 

A glance at these graphs shows 
clearly the very wide variation in 
the response to chip breaking · for 
the three steels. The preferred and 
usable ranges are up to 2½ times 
larger for the free-cutting steel 

FIG. 12 . ·. Multipli ca tion chart for convers ion of actual feed to modified feed 

1.22 

than for the · alloy ·· steel, and the 
,middle line in the preferred range 
for the free - cutting steel is en-
tirely outside •Of the preferred 
range for the carbon steel; in fact 
it is almost as high as the upper 
limit for the usable range for the 
carbon steel. 

It is, therefore, by no means ad-
visable to attempt to transfer chip-
breaker data indiscriminately from 
one material to another without 
careful investigation, and it · is 
virtually impossible to formulate 
r eliable chip-breaker rules cover-
ing a variety of materials . Each 
material, or group of related ma-
terials, must be treated separately. 

A chip breaker that works fine 
on one material may utterly fail 
when used for a different material, 
even if feed and other cutting con-
ditions are identically the same. 

In addition to these important 
observations, ·· the graphs provide 
the answers to these questions: 

(a) Which types of chips can 
be expected with a given' chip 
breaker and a certain feed? 

(b) At what feed .should a given 
chip breaker· be used when a cer:. 
tain type of chip is desired? 

( c) What s,ize of radius B in the 
chip breaker is necessary at a given 
feed when a certain type of chip is 
desired? 

Primarily the graphs determine 
radius B, but in conjunction with 
Fig. 9 their use can be extended to 
a direct reading of the correspond-
ing values of widt h w and height h 
of the chip break er. 

Effects of the various cutting 
conditions and tool shapes, such as 
cutting ·speed, depth of cut, and 
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... and its results, FIG. 15 

side-cutting-edge angle, can ·all be 
deduced from their effect on the 
thickness of the chip and the 
radius of the chip-flow circle. 
An increase in cutting speed 
tends to decrease chip thickness 
(besides it makes the chip more 
elastic, perhaps through metal-
lurgical changes), a decrease in 
the depth of cut will change the 
direction of the chip flow and make 
the chip strike the chip bre:::ker 
at a different angle, thereby in-
creasing the effective radius in the 
chip-flow circle (Fig. 10), an in-
crease in the side-cutting-edge 
angle will decrease the chip thick~ 
ness (Fig. 11). 

All these variations can be cov-
ered at the s-ame time by using the 
graphs in Figs. 6, 7 and 8 with a 
"modified feed" instead of the real 
feed. The modified feed can be 
taken from Fig. 12 for a large va-
riety of cutting conditions. Use of 
the graphs will be explained in a 
practical example, 

Having now provided the means 
for designing the chip breaker for 
the correct degree of chip break-
ing, we shall direct our attention to 
the second factor in the balanced 
design, the chip flow with a mini-
mum of obstruction. 

This phase of chip-breaker de-
sign is intimately connected with 
the slope of the chip breaker and 
the size of heel angle HA (see Fig. 
13). The function of the slope is to 
lift the chip from the floor of the 
chip breaker, carry it over the heel, 
and give it the permanent curl, all 
in a gentle and soft sweep. This is 
best accomplished when heel angle 
HA has a value between 35 ° and 
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5 0 °. As the slope is formed as a 
fillet with radius R (not the same 
as radis B, but equal to the radius 
on the corner of the grinding 
wheel) this provides an equation 
for determination of R. The equa-
tion is 

sin HA= 1- ~ 
R 

from which Table 2 is computed. 
Direct practical conclusion to be 

drawn · from this geometrical rela-
tionship is that the corner radius 
on the grinding wheel should be 
kept under control ( check it reg-
ularly with a radius gage) and 
maintained within a lower and an 
upper limit. Periodic truing of the 
diamond wheel should be con-
fined to the straightening of the 
Wheel face and reduction of the 
corner radius to the lower limits 
given in Table 2. When regularly 
applied, this practice will result in 
a great saving in diamond, up to 
50%, sometimes even more, as 
compared to the common, and very 
wasteful, truing of the wheel 
straight Up to the corner. 

Truing of the wheel to a sharp 
corner is also dangerous to the tool 
itself. With a more or less vertical-
-Wall at the back of the chip break-
er, the gentle lifting effect of the 
slope is lost, the chip flow is in-
terrupted, the chip breaker gets 
crowded (Fig. 14) and the tool 
point, or chip breaker, or both, are 
sheared off, all in less time than it 
takes to describe it. 

Thi.s poor practice of truing the 
wheel t-o a sharp corner .is much 
more widespread than one would 
expect. It is probably responsible 
for more tools damaged or de-

table 2 . . LOWER AND UPPER LIMITS 
FOR CORN ~R RADIUS fl. ON 
GRINDIN G W HEEL 

Chip Break er 

Height h, In. 

0,015 
0.020 
0.025 
0.030 

Rm in ·to R m ax 

In. 

0.035 to 0.065 
0.050 to 0.085 
0.050 to 0.100 
0.070 to 0.125 

strayed than any other error in 
tool grinding. Nevertheless, it is 
described in techn ical literature, 
and it is practiced in the most mod-
ern and (otherwise) efficient shops. 
But whether it is done intentional-
ly or unintentionally, the result is 
al ways the same ( see Fig. 15) : 
The chip breaker becomes a tool 
breaker. 

PRACTICAL EXAMPLE 

Given a free-cutting steel ; to find 
chip-breaker dimensions for the 
tool. 

Feed : 0.025-in. per r evolution 
Side-cutting-edge angle: 45° 
Cutting speed: 500 sfpm 
Depth of cut: 5/16 in.= 0.3125 in. 
Solution: 

Use graph in Fig. 12. Start at 
0.025 ipr actual feed, go to the 
right, meet line for 45 ° SCEA, go 
down, meet line for 400-1000 sfpm 
cutting speed, go to the right, meet 
line for 0.300-0. 7 50 in .. depth of cut, 
go down, read 0.0165 ipr modified 
feed. 

Use graph in Fig. 6 for free-cut-
ting steel. Start ·at 0.0165 ipr modi-
fied feed, go to the right, meet 
middle line, go down, read 0.400 in. 
radius B. 

Use graph in Fig. 9. Choose a 
chip-breaker height h, say 0.020 
in. Start at B = 0.400 in., follow 
circle, meet line for 0.020 in. height, 
go down, read chip-breaker width 
w = 0.125 in. 

Use Table No. 2. A chip-breaker 
height of 0.020 in. requires a corner 
radius R on the grinding wheel not 
less than 0.050 in. a...rtd not more 
than 0.085 in. 
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D E F 
All CONVENTIONAL TYPES OF CHIP BREAKERS 

CAN BE CLASSIFIED AS FOLLOWS: 

_J 

A .. Ground Chip Breakers-The chip breaker is ground 
inta the body of the tool. 

B . . Clamped Chip Breakers-The chip breaker is formed 

by a beveled block clamped on th<! face of the tool. 
(These are sometimes called mechanical chip brecikers-
an unfortunate terminology because there are devices 
which, more or less successfully, employ a mechanical 
motion for breaking the chips .) 

Each of these types can be further classified as : 

I .• Parallel Chip Breakers-The heel of the chip breaker 
is parallel to the cutting edge of the tool. 

2 .. Angular Chip Breakers-The heel forms an angle 
with the cutting edge. 

The various combinations in general use are shown 

here. When properly applied, the rules, charts, and 
data previously mentioned can be used for all types of 
chip breakers. 

Fig. 16 . . TYPES OF CHIP BREAKERS 
(A) Ground parallel-step type 
(B) Ground parallel-groove type 
(C) Clamped parallel-step type 
(D & E) ,Ground angular-step type 
(F) Ground angular-groov" type 
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How to Sele<t Chip Breakers • • • I 

Any style of chip breaker should be 
based on the principle of the chip-
flow circle (AM-April 26, 1954, 
pll 7). This is the characteristic re-
lationship between width w and 
height h of the chip breaker. Conse-
quently, with suitable modifications, 
all styles of chip breakers can be 
designed and dimensioned on the 
basis of the data given previously. 

STYLES OF C HIP BREAKERS 
A chip breaker can be either of the 

ground type (Figs. 1, 3, and 4) or of 
the clamped type (Fig. 2). A ground 
chip breaker is ground down into 
the carbide blank; a clamped chip 
breaker consists entirely of a block 
of a hard material, with a beveled 
edge, and clamped upon the face of 
the cutting tool. 

A ground chip breaker is either of 
the step type (Fig<;. 1 and 4) or of the 
groove type (Fig. 3) . The step-type 
chip breaker has a step or shelf with 

ERIK K HENRIKSEN, professo r of me ch ani c al en g ineering, 

UNIVERSITY OF MISSOURI, COLUMBIA, MO 

a floor and a slope (AM-Apr 26 '54, 
p122, Fig. 13) . The cutting edge and 
the floor are located below the orig-
inal cutting face. The floor repre-
sents a new cutting face and should 
be ground with the requ,red rake 
angle. The slope should be designed 
for easy chip flow. 

The groove-type chip breaker has 
simply a shallow groove ground into 
the cutting face, at some distance 
from the cutting edge. The height 
of the cutting edge is not affected 
by the chip breaker, and the rake 
angle is primarily determined by the 
original cutting face of the tool. 

Any chip breaker can be either 
of the parallel type (Figs. 1, 2, and 
3) or of the angular type (Fig. 4) . 
With the parallel type the heel is 
parallel to the cutting edge. Conse-
quently, the profile of the chip 
breaker and also width w , are con-
stant throughout the length. With 
the angular chip breaker there is an 

opening angle, between the heel of 
the chip breaker and the edge of the 
cutting tool. The opening angle is 
positive when the chip breaker is 
wider at the back of the carbide 
b1ank, and it is negative when the 
chip breaker is wider at the tool 
point. 

The angular chip breakers illus-
trated are of the ground step type. 
Clamped chip breakers are frequ ent-
ly made slightly angular. Groove-
type chip breakers can be made 
angular if desired. This practice does 
not seem to be common in the United 
States. 

CHIP-BREAKER LIMITATIONS 
When properly dimensioned , the 

gr ound, parallel, step - type chip 
breaker can be made to work suc-
cessfully in any combination of cut-
ting conditions. But this type is not 
a univer sal chip breaker, and it has 
other limitations. The chief disad-

FIG. 1 ... A ground chip breaker of the pa ra llel, step type. FIG. 2 .. . A clamped chip breaker 
of the pa rallel type. FIG. 3 ... A groove-type chip breaker of the ground, parallel type . 
FIG. 4 . . . Angu lar chip brea kers with positive a nd negative opening a ngle; ground step type 
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vantage is the relatively high grind-
ing cost, in terms of carbide and 
diamond-wheel material. In the ini-
tial grinding, a strip of carbide from 
0.015 to 0.030 in. thick is sacrificed. 
Sharpening on the cutting edge de-
creases the width of the chip breaker. 
After a few sharpenings, the chip 
breaker must be reground to its orig-
inal dimensions. 

Unless the carbide blank is raised 
above the tool shank, or a relief 
groove is provided behind the blank, 
the grinding wheel will cut into the 
shank material (Fig. 5), and load 
and glaze. 

Another disadvantage of this chip 
breaker is lack of flexibility. Each 
chip breaker has a fairly limited 
field of application. If used other-
wise, the dimensions m u s t be 
changed by grinding. 

ANGULAR-TYPE CHIP BREAKERS 
Because any angular chip breaker 

has a varying width, it is necessary 
to define its "effective width." 

The effective width is "the width 
that curls the chip," and that, again, 
is the minimum width in contact with 
the chip. For the positive angular 
chip breaker the minimum width is 
obviously the width at the tool point 
(Fig. 4, left), indicated by arrow 
AA. For the negative angular chip 
breaker the effective width is the 
width at the surface of the work-
piece (Fig. 4, right), arrow AA. The 
effective width should be used in all 
computations based upon the charts 
and tables in the previous article. 

The effective width for the positive 
angular chip breaker is constant, and 
is determined by the way the tool is 
ground. This chip breaker can there-
fore be used with the same degree 
of chip-breaking performance for 
varying depth of cut, within the same 
limits as the parallel type. On the 
other hand, the effective width of the 
negative angular chip breaker de-
pends upon the depth of cut. This 
type of chip breaker should, there-
fore, be used for long runs on con-
stant depth of cut; the chip breaker 
being specifically designed not only 
for the feed, but also for the depth 
of cut in the particular cutting opera-
tion. 

Factory-ground chip breakers with 
a positive opening angle are available 
in the form of carbide inserts for 
clamping into a toolholder (Figs. 6 
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FIG. 5 ... Undesirable design of a carbide 
tool. Chip-breaker grinding wheel cuts inta 
shank material. FIG. 6 ... Carbide insert, 
with factory-ground chip breaker of the pos-
itive angular type. Effective width W is meas-
ured al the tool point. FIG. 8 .. . Two angu-
lar chip breakers with different negative 
opening angles. When the opening angle is 
loo large, the chip may hit the finished sur-
face and cause damage 

FIG 7 •• . Toolholder (Kennametal BRH-16) 
with insert (style HS) with factory-ground chip 
breaker of the angular type. (Courtesy, Ken-
nametal, Inc, Latrobe, Pa) 

FIG . 9 

I 
I 

FIG. II 

and 7). The effective width is easily 
adjusted by grinding off either the 
side-cutting-edge or the end-cutting-
edge. This type of tool is well suited 
to roughing cuts, particularly, but 
not necessarily, on uneven surfaces, 
such as forgings . Incidentally, the 
factory-ground chip breaker has the 
further advantage that it eliminates 
the need for the chip-breaker-grind-
ing operation. 

FIG. 10 

FIG. 9 ... Elements of a groove-type 
chip breaker with round groove. FIG. 
10 .. . Elements of a groove- type chip 
breaker with tilted V-groove. FIG. 11 
.•• Geometry of a groove-type chip 
breaker 

The negative-angular chip breaker 
is useful on fine cuts that are diffi-
cult in chip breaking, because the 
device has a strong tendency to direct 
the flowing chip back against the 
unmachined surface of the work-
piece. This action assists in breaking 
the chip. Good results are usually 
obtained with opening angles from 
-8° to - 15° and up to -25° . An angle 
as high as -45 ° is not recommended, 

181 



American 
Machinist REFERENCE BOOK SHEET 

How to Select Chip Breakers ••• Ill 
because this may swing the chip over 
against the finished surface (Fig. 8) . 
One advantage of the negative open-
ing angle is that it provides a runout 
path for the grinding wheel. 

GROOVE-TYPE CHIP BREAKERS 
Essentially there are two types of 

grooves, the round groove and the 
tilted V-groove (Figs. 9 and 10). The 
round groove is cut by a narrow 
wheel, usually not more than 1/ 16 in. 
wide; the width of the groove can be 
regulated by swinging the plane of 
the wheel from 5° to 15° out of the 
direction of table travel. The tilted 
V-groove is cut by an ordinary chip-
breaker wheel, with the tool tilted an 
additional angle; the usual recom-
mendation is 6°. The rake angle on 
the chip-breaker floor is thereby in-
creased by the same amount. 

Various recommendations for di-
mensions of groove-type chip break-
ers can be consolidated as follows : 

Land-0.015 to 0.030 in. or 1 to 1 ½ 
times the feed 

Width-1/16 to 3/32 in. or 2 to 4 
times the feed 

Depth-0.005 to 0.010 in. 
Sometimes a 2° to 5° negative 

rake is recommended on the land, to 
strengthen the cutting edge, which is 
somewhat weakened by the unavoid-
able undercut of the groove. 

To design the groove-type chip 
breaker on the basis of the chip-
flow circle, use this procedure: 

Draw the profile of the cutting 
edge and the planned chip breaker 
in large scale ( Fig. 11) . Construct 
the inscribed circle in the groove. 
If the radius in this circle is found 
to be A, then the chip-flow circle 
radius B can be taken approxi-
mately as 

B = 1.75 A 
The charts and data from the pre-
vious article can be applied with this 
radius. 

Choose the fillet radius R (in the 
case of the tilted V-groove) in ac-
cordance with the rules given pre-
viously, in order to facilitate a 
smooth chip flow. 

The undercutting effect of the 
groove tends to weaken the cutting 
edge. This chip-breaker type there-
fore works best at medium feeds. 
Within its range, its action is less 
drastic than the step type, so that it 
tends to produce helicai chips rather 
than broken chips. 
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FIG. 12 .. . Toolholder with triangular toolbit 
and adjustable clamped chip breaker. (Cour-
tesy Everede Tool Co, Chicago 39) 

FIG. 13 .. . Holder for straight turning tool 
("S-70-RKVB") with adjustable clamped chip 
breaker . (Courtesy The Viking Tool Co, Shel-
ton, Conn) 

FIG. 14 ... Toolholder for indexing insert (V-R vertical) w ith permanently clamped chip 
breaker, and three insert lengths . (Courtesy The Vasco/oy- Ramet Corp, Waukegan, Ill) 

The principal advantage claimed 
for the groove-type breaker is low 
grinding cost, because the depth is 
only 0.005 to 0.010 in. It is practical 
to use a small (3-in . dia.) metal-
bonded wheel, operating with fast 
traverse and a small feed (0.0003 in.) 
for each pass. 

CLAMPED CHIP BREAKERS 
A clamped chip breaker must pos-

sess these characteristics: 
(a) Rigid clamping, so that it is 

not moved out of position by chip 
pressure. 

(b) Tight fit against the face of 

the cutting tool, so there is no open-
ing to catch the chip. 

(c) Adjustable to varying widths, 
if desired. 

Several models of clamped chip 
breakers are available on the Ameri-
can market today. Some of these 
have the advantage of being adjust-
able. They r epresent the closest ap-
proximation, as of today, to the ideal 
universal chip breaker, because the 
effective dimensions can be set to 
desired cutting conditions. Others 
sacrifice adjustability, but attain a 
higher degree of safety and avoid-
ance of improper use. 
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CHIP BREAKING - A STUDY OF THREE-DIMENSIONAL CHIP FLOW 

E, K. Henriksen, Dept. of Materials Processing, College of Engineering 
Cornell University, Ithaca, New York 

Paper No, 53-S-9, presented at the ASME Spring Meeting, Columbus, Ohio, April 28-30, 1953. 
Abstract 

The c~ip "breaking pro0ess is analyzed and it is 
shown that the process is completely dete~mined by the radius 
in the chip flow circle of the tool, a pa~abol2-like relation 
between this radius and the Chip Breaking Feed, and a 
hyperbola-like relation involving the depth of cut, all for 
a given material and a given cutting speed. 

Int:-oduction 

In the era of the high speed steel tools the chips, in general, did not present any 
serious problem, and very few references to the subject of chip breaking are found in literature 
from that period, the most prominent, and one of the first, being a description of the chip 

* patterns produced by the Klopstock tool (1) . 

The application of sintered carbide tools made a higher speed range available to the 
metal working industry , and the continuous chip became the rule, rather than the exception; 
coming off the tool with high speed and temperature and with edges that are sharp as a lmife 
edge and sometimes toothed like a saw blade they present a danger to the operator, and when 
they curl around the tool and the work piece their removal olow ~own production. Bulky chips 
are a nuisance to the clean-up man and have less commercial value than well broken chips. 

Broken chips and chip breaking. 

The character of the chips can be expressed by the Bulk Ratio R 

Volume of Chips 

R --------------------------------
Volume of Solid Material 

where 
R 50 for entirely unbroken chips, 

R 15 for tightly curled chips, 

R 3 for well broken chips. 

Milling machine chips may often have R = 3; a 15 HP lathe may produce over 60 cu.ft. 
of unbroken chips in one hour of continuous operation, 

The conventional way of solving this chip problem is by using a chip breaker tool. 
The basic form is the ground, parallel type chip breaker, see Figure 1 with proposed nomenclature. 
Other forms are the groove type and the clamped chip breaker. All of them can be of the parallel 
type or the angular (non-parallel) type. Only the ground, parallel type chip breaker will be 
considered in this analysis. 

*Numbers in parenthesis refer to the Bibliography at the end of the paper. 
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It is a paradox, but ·crue, that the chip breake1° does l'l.Ot bt•eak t!:.e chips. Its action 
is primarily that of forming, bending and deflecting the chip, imposing upon it a 0or,side::aable 
increase in curvature and thereby pr•oducing a cu1°li,1.g chip, "\',lhich i s ultimately guided f orcibly 
against an obstruction whereby it breaks, mostly at very regular intervals. So far, a more 
fitting name for this device would be "chip former" , and the equivalent of thi s word has apparently 
been adopted in t he German language. I n English, the wo!'d chip breaker seems to have come to stay. 

Chip classification. 

Any sys t ematical study of chip breaking !'equil0 es necessarily a chip classif:lcation. 
The following system has been adopted by the authaz, , 

A. Straight (or slight ly curved ) chips, 
B. Snarling chips, 
C. Infinite helical chips, 
D. I::.•regular intermittant helical chips (with more than one turn), 
E. Regular i ntermittant heli0al chips (with more than one turn}, 
F. Full turns (approximately circular single turns), 
G. Half tu1•ns (appr oximately, sometimes very accurately, semi-

circular pieces), 
H. Fragments and splinters (less than half turns). 

This classification assumes silently t hat (apart from straight a.nd snarling chips) 
the chip will form a helix. Another possibility exists: tr.,a t ti-:.e chip foz'ms a flat spiral . 
This case is less frequent, and wheneve:• it occurs, t;he 0l,:lp will break at i !2tei•vals. no infinite 
chip of this type being formed, hence it is conve:1ie:1tly included 1.,nde!' E. 

When a series of cutting operations a1•e being pe!'for~ed i n such a me:1ner that the 
feed is increased in small increments the chip patterns obtai~ed. will ri.:n•m~tlly follow the 
classification. Sometimes one or two types may appear only sporadically or not at all: for 
example it often happens that the B-type (snarling chip) will change to t he E-type (regular 
intermittant) for a slight increase in feed, by-passing the C- and D-type, Neither is it un-
common that the chip will change from the C-type to the F-type for just one small increment in 
the feed. Other exceptions have been found occasionally, but the author never fou:,d any reversal 
of the sequence of his eight classification types. I t is therefore concluded that they represent 
the natural development in ordinary chip breaking. 

At present industry has no standardized requireme,1ts or defini tions of satisl'.'ac·t;ory chip 
breaking. It is obvious that the A-type and the B-type are the undesir able types; they represent 
completely unbr oken and truly objectionable chips. The C-type is, strictly speaking, also an 
unbroken chip, However, it represents the first type where the tool has imposed a controlled flow 
on the chip, and it is de finitely a vast improvement over the A- rmd the B-type. In mac1y cases 
it -would be acceptable, and in some cases, suc:1 as for box turning tools, it is eve:G p:-eferable 
over finer broken chips, because it has less tendency -~o get into the rollers. 

Chip breaking, in the proper sense of the word , is present as soorc as the C-type has 
disappeared and the D- or E-type (or a higher type) has appeared. A further advanced stage of 
chip breaking i s found, when the F-type enters the picture, while the arrival of the G-type marks 
the be ginning of 11 overbreaking". When the H-type chips begin t o fly t hrough the ai!' the chip 
breaking has become excessive. 

For most practical applications the range D, E '.].r,c't ?J will noz>!llf•.lly be satisfactory, and 
t he 11 ideal" chip is a short E~type, approaching the F-t°J~pe, .il.s to the uppei.• limit f or pe1•missible 
or desirable chip b:".'Gaking opinions in industry and e:1g:1.neor,:L:g see".ll to be SO'.'llewh~.:t divided, Some 
prefe!' not t o go beyond the F-type , and some want a ·:mixtu!'e of the F-type and ·che C--·i:;ype : some 
even like to see a large share of t;!1e G- type in t:1e chips hcrno.use this type is the m.:.ist convenient 
for removal and handling. 
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The author's recommendation for the upper limit of' chip breaking is a chip type between 
the F•type and the G-type, in other words, an abbreviated F-type. The author also advises 
definitely against cutting with an appreciable amount of G-chips, because this type of chip 
normally appears under flow conditions where it has a te::1dency to strike and damage the .edge 
Just outside of and behind the cutting zone. 

Taking all these considerations into 2coour.t it is possible to simplify the chip 
classification as follows: 

No chip breaking, as long as A- and B-chips appear, 

Initial chip breaking, when Aa and B-chips have disappeared, and the C-chip is being formed, 

Complete chip breaking, when the C-chip has disappeared, and D- and/or E-chips are produced, 

Advanced chip breaking, when F-chips (or a higher type) have superceded the E-chips. 

In graphs and charts, relating to chip b:1.•eaking, it 1-1111 usually be possible to 
determine curves for the three significant stages, initial, complete and advanced chip breaking, 
see Figure 3, The recommended range of cutting conditions 1-1111 then be represented by the area 
between the curves for complete chip breaking and for advanced chip breaking. By this choice 
there 1,1111 be provided a safety margin to either side; to the side of No Chip Breaking the safety 
margin will be the range of Initial Chip Breaking, to the opposite side it 1-1111 be the range until 
G-chips appear in quantity. The safety margins may be of vo.ryii-:g w:Ld-t;h, sometimes they are even 
very narro1-1. See Figure 3s; 

Curves of this nature will sho1,1 immediately 1-1hat chip breaker dimensions are required 
for a certain Job, and under what cutting conditions a cer·cain chip breaker will work satisfactory 
or, at least, be acceptable. Referring again to Figure), cutting condition A (for example a 
certain feed, speed and depth of cut in a given material) will call for a chip breaker dimension 
C, and 1-1ith this chip breaker it 1-1111 give ideal chips, 1-1hile cutting condition. B will give ideal 
chips with chip breaker dimension D. The range of cutting conditions for satisfactory performance 
of chip breaker Dis quite wide, although lt does not include cutting condition A, whereas the 
satisfactory performance range for chip breaker c is narrow. 

The degree of chip breaking at any give:1. operation ma.y be influenced by a la!'ge 
number of factors, such as material in work piece, {1:1d tool, cutting speed, feed and depth of 
cut, tool angles and tool shape, chip breaker form and ,li:me"~sions, edge conditions, 1-1et or d1•y 
cutting. Each of these factors may have influence, someti mes insignificant, sometimes very 
important. Of all the factors relating to the tool i t self, it is essentially 1-1idth and height 
of the chip breaker 1-1hich determines the result, 1-1hil0 of t~e operating factors the feed is the 
dominating one. 

Analysis of chip flow through the chip nraa~er. 

Chip b!'eake::- width air..d h~~-gbt, take:1 sepa~•ately, a:-c of no importance pe!' se; the 
determining factor is the radius l'T ( T stands fol'.' Tool ) in the circle which can be inscribed 
in the chip breakei•; this circle is called the chip fl ,:>1-1 ci;:ocle and there is a definite and 1-1el1 
defined relation between 9T and the feed at which a ce::.•to.in degree of chip breaking occurs, th:!.s 
feed being termed the chip breaking feed CBF. 



- 4- -

We will analyze the action of a ground, parallel type chip breaker, 

If the cut is taken with a plain tool (no chip breaker) we would in the general case 
get a chip with a slight curvature or no curvature at all. If a chip breaker is used the chip 
is bent plastically and leaves. the tool with a considerable curvature defined by radius R0 , see 
Figure 4-. We will ignore the possible effect of weight, inertia and air resistance, and R0 will 
be constant as long as the chip does not meet any obstruction. 

There is a considerable pressure, including a friction, between the chip and the 
heel, so that the various radii of the chip within the chip breaker will be less than R0 , the 
difference being due to elastic deformation and therefore small compared with the plastic 
deformation which resulted in the permanent curvature R0 , We will, therefore, as an approximation, 
look at it as if we have a constant radius f>T (the chip flow circle radius) inside the chip 
breaker, and another radius R0 beyond the chip breaker, f T(R0 • 

fT is a function of the geometry of the chip breaker 

w2 
1/2 (--+ .h 

h 

where wand hare width and height of the chip breaker. 

If the chip forms a helix with a small pitch, Just slightly larger than the depth of 
cut, it may in many cases clear the shoulder of the work piece, but when it proceeds (see Fig. 5) 
it will hit the relief side of the tool, because R0 ) fT• a little below the cutting edge, and 
a force P will begin to build up, as the cutting process continues to feed the chip out of the 
chip breaker. A bending stress will be produced in the chip, having its maximum at A. 

The analysis of this case is based upon the formula for the open elastic ring, see 
Figure 6. A set of forces P, P will produce an opening5, determined by (2) 

3 
PR0 

37T -----------
EI 

where I is the moment of inertia of the cross section of the chip, and where 
However in many cases break does not occur before the circle has expanded to a 
larger than R0 and in this case an integration is required to get the result. 

p 
1 1 
- EI ( 2 
3 R0 

1 

6 is small. 
radius R considerably 
We get 

This result assumes that the chip retains circular shape, which is an approximation only. 

Under the same assumption the bending stress at A is determined by 

M 2PR 1 R2-R2 
0 - Et ---------

z z 3 RR 2 
0 



or l ,:r = ,..,_ __ 
3 

5 

R2 - i! Et _______ .i. __ _ 

Rf~ 

by using t for the chip thiclmess and ignoring the difference between R0 and? T' When O-
reaches the ultimate stress for the chip material break will occur at A. When the break occurs 
without previous plastic bendin_g, as assumed , the length of the broken chip will be 1l'R and it 

R 8 11--- , see Figure A. If R = 2R 
Ro o 

will spi•fng back to curvature R0 and its total angle .iill be 

we will get just the F-type , the full turn. 

Generally , within the assumptions, the degree of chip breaking can be expressed by 
the ratio 

R 
C = 

which gives 

or, if we put 
t =o(f 

which means, so far , a linear relation bet.ieen the chip•flo.i circle radius and the feed. 

This simple procedure has been given as a simplified example of the analytical method 
of approach, Actually there are many complicating factors, such as: There may be friction at 
point B, see Figure 7!3 , so that A will shift its position , or the free end of the chip may be 
caught by some projection on the tool surface. The ultimate bending strength0-for the chip 
material may in all probability not be constant, but may be influenced by the .iork hardening of 
the material, by residual stresses in the chip and by its surface roughness. Finally the chip 
thiclmess may change with JT . 

The mechanism of chip breaking described he~•e is far from the only one possible. There 
may be plastic deformation at A before treak; in this case the broken chip may look as shown on 
Figure BB, The chip may curl more, before break occurs, see Figure 9: it may obtain a curvature 
where there is lack of stability, or it may hit the tool after several turns have been formed: it 
may hit the work piece, or it may hit nothing at all, bu:: curl freely until vibrations or the 
weight of the chip coil makes it break off, Without going into details it can be said that these 
factors, generally, are of such a nature that they will attempt to slightly increase the breaking 
tendency at the larger values off T , in other .io!'ds, a t larger 9 T breaking .i111 occur for lower 
values off than indicated by the linear equation just found, and vice versa for smaller f'T· The 
relation will therefore be expressed by a parabola-li ke curve rather than by a straight line, see 
Figure 10, 

This result has found its confirmation by t ests . Figure 11 shows the relation between 
the chip flow circle radius fT and the chip breaking feed C3F for steel AISI 4140, annealed , at 
a cutting speed of approx . 500 FPM , at 0.125 11 depth of cut , and with a rake angle of+ 10° and a 
side cutting edge angle of o0 • 
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The observations were taken for a variety of values of width and height of the chip 
breakers, ranging from w = 0.095 11 to w = 0.205", from h = 0,0075" to h= 0,113" and -£- from 1.0 
to 13.44, and no significance was found relating to variation of wand h separately, nor to 
their ratio. 

The curves are ·parabola, and the relation between chip flow circle radius f T and 
chip breaking feed CBF can therefore be expressed by the equation 

'J T = constant x ( CBF) 2 • 

It is of interest to see that the plotted points indicate a curve which goes to 
zero at a small distance from the point of origin. This is easily explained by the fact that 
the chip flow circle does not start right at the edge, but at a distance from the edge, so the 
effective width of the chip breaker is actually a little less then w, see Figure 12. This 
small deviation from the assumptions has, of course, only a significant effect on the smalle1• 
values of wand f T· 

Analysis of Effect of Depth of Cut 

For heavy cuts the effect on the Chip Breaking Feed, of a smaller change in the 
depth of cut is usually negligible; as the depth of cut is essentially reduced, chip breaking 
becomes more difficult, that is, CBF goes up. 

This can be explained as an effect of a variation in the direction of the chip flow 
over the face of the tool, (see Figure 13). With a large depth of cut the direction of chip 
flow will be approximately perpendicular to the cutting edge. With less and less depth of cut, 
the direction of chip flow will change, due to the effect of the nose radius. 

Assume a chip breaker with width w, height hand 

/T = 1/2 ( ~2 + h) 
w2 

approx. ,._ 
2h 

Assume further chip flow in a direction under an angle 9 with the tool edge, then 
the effective width of the chip breaker is 

w 
w 

e sin 9 

and the effective radius/TE in the chip flow circle in this direction is 
2 /) :1..L 

/ TE= 
2h 

Assume the radius-relation for perpendlcular f' l ow :l. s 

/~ = oC ( CBF) 2 

and for. flow in t he direction under angle 0 the r elation is 

then 
~ E = o(_ {CBF ) 2 

(CBF ) 
l 

CBF ----
sine 

l 
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The variation i n (CBF) 1 as effected by a change i n depth of c.ut, should therefore be as the 
variation of _1 __ 

sirc.8 

A method for determination of 8 was proposed by Fzoiedr ich (3) and some app lications 
made by Littman and Newmann (4-). By this method the author found the values given in Table 
No, 1. When plotted over..£...., where r is the nose radius of the tool, they give a hyperbola-r like curve, see Fig, 14-, 

In Figure 15 is shown an experimental curve fozo Chip Breaking Feed, also plotted over 
the ratio_!_, The a~eement seems very satisfactory , r 

Conclusion 

1. The chip breaking pr ocess can be analyzed by a study of the chip flow in the three 
directions in space, 

2. For large depths of cut the significant factor is the flow in a plane perpendicular 
to the tool face, 

3. 

4-. 

5. 

The determining factors are , in this case , the radius/Tin the chip flow circle, 
and the feed, 

There is a specific relation between the chip :::'low ciPcle radius 4 and the Chip 
Breaking Feed CBF. This relation is with good approximation a parabola. 

For small depths of cut the direction of the chip flow across the tool face also 
becomes significant for the chip breaking. This direction can be determined by 
knmm methods . 

6, The determining factors for the direction of the chip flow across the tool face is the 
ratio between depth of cut and tool nose radius, 

7. When Chip Breaking Feed CBF is plotted ovei• the rat:J.o-2.. a hyperbola-like curve is the 
result, 

8. For a given material, and a given depth of cut, chip b1•ealcing is completely determined by 

(a) 
(b) 
(c) 

the chip flow circle radius 
the parabola-like curve for the relation CBF-chip flow circle radius, 
the hyperbola-like curve over the ratio.£., 

r 
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TABLE NO. l 

for various values of depth of cut d and tool nose radius r. 

1 II l II r=-
16 8 

8 l d d l 
sin8 r sin9 

50.8° 1.29 l" 1/2 33.9° 1.79 
16 

71.4-0 1.053 l" l 53.7° 1.24 
s 

78.00 1.021 2" l 1/2 62.7° 1.12 
16 

81.2° 1.01 l" 2 66.5° 1.09 
4 
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Figure 1. Lathe Tool with Ground, Parallel, Step Type of Chip Breaker. Elements of the Chip Breaker. 
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Figure 2. Chip Classification. Relation between Feed and Types of Chips. Black A.reas Indicate where Chips Occur . 



z: 
0 -..... B 
0 z 0 ,__ ____ _ 

0 
CJ) 
z 

ADVANCED 
A--1---~..,,,C.IDEAL 

I 
COMPLETE 
INITIAL 

I- 1-----'---+--'\.'l.l~--+t---+-----I 
1-::, 
0 
1-
z l-~4}~'--,t----1------t-t-----+----, < 0 -LL -z 
5:! "----1-.1..;;.. _ __....._ __ _,1,,..i..;;;;___......1., ___ ..., 

Cl) 
SIGNIFICANT CHIP BREAKER DIMENSION 
Figur e 3 . Principal Chart fo r Chip Breaking. 

Figure 6 . Open Elastic 
Ring with Load 

and Deformation. 

Figure 7 A. Chip Ring with Large 
Deformation before Break. 

Figure 4. Flow of Chip over 
the Chip Breaker. 

A 

) 

Figure 5. Bas ic First Stage 
in Chip Breaking. 

F igure 7B. Normal and Frictional 
Force on Free End of Chip 

at Point of Impact with Tool. 

Figure BA. Broken Chip 
after Spring-Back. 

Figure SB. Broken Chip after 
Plastic Deformation. 

Figure 9 . Stages in Chip Deformation. 
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for Chip Breaking. 

Figure 12. Condition of Contact 
between Chip and Tool. 
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Figure 11. Chip Breaking in Relation to Feed. 

Figure 13. Variation in Direction of Chip Flow 
for different Depths of cut. 
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ECONOMICAL CHIP BREAKERS FOR MACHINING STEEL 
By Erik K. Henriksen, University of Missouri, Columbia, Missouri 

The chip breaker is a device developed as a 
result of the introduction of new tool mate-
rials, such as sintered carbides and cast al-
loys, which permit cutting speeds from 3 to 10 
times higher than were formerly possible. 

In the era of high-speed steel tools, chips 
presented no difficulty. With carbides and 
cast alloys, however, chip control and chip 
handling have become problems. The amount (by 
weight and by volume) of chips is larger, they 
move faster, and· their temperature is much 
higher. Further, since they have extremely 
sharp and toothed edges, they have fr e quently 
been the cause of severe accidents, producing 
cuts and burns that are difficult to heal. 

In addition, and these are the most troubl e -
some features of the chips, they are tough, 
stringy, and do not curl, but either shoot 
straight out from the tool, o r are captured by 
the tool holder and wrap themselves around tool 
and work, thus obstructing the flow of coolant, 
so that the tool a lternately becomes overheated 
and quenched. In short, they are a danger to 
the tool, a menace to the operator, and a 
source of trouble for the janitor. Long and 

Fi gure 1.--The menace. (Courtesy Wm. J. Stracke.) 

snarling chips are equally objectionable from 
the viewpoints of safety and of economy. With 
snarling and stringy chips, the cutting oil is 
only partly recovered in the chip extractor 
("chip ~ringer"), and the efficiency a nd capac-

ity of the chip crusher (disintegrator) 1s re-
duced. The commercial scrap value of chips 
also is influenced by their size; at present, 
scrap in the form of "shoveling chips" is worth 
approximately $3.00 to $6.00 more than "long 
chips." 

The handling, storage, and shi.pping costs 
are increased manyfold by long, stringy, and 
snarling chips. Table No. 1 may serve as a 
guide for estimating the necessary capacity of 
tote boxes, conveyors, and shipping containers 
for chips. 

Table 1. - VOLUME OF CHIPS OF' VARIQUS TYPES AND MATERIALS 

Type or chlp 

Inf!- Mlll-
snarl- Partly wen lng 

Stralgbt nlte broken 
ma-

lng broken chlne hellces chips 

Ma terial VoluJ11e ln cublc reet per ton 

Steel. • • • 200-400 120-200 50-120 20-50 12-20 12-14 

,Tl tanlum 450-900 250-450 100-250 45-100 25-45 25-30 

Aluminum 600-1200 350-600 150-.350 60-150 35-60 35-42 

Magnesium 900-1800 500-900 200-500 90-200 00-90 50-60 

CHIP CONTROL 
The remedy for the troubles discussed in 

the foregoing section is to curl the chip. 
Primarily, this has the effect of getting the 
chip flow under control, thereby making it 
possible to direct the chip flow in such a man-
ner that the curling chip breaks up in fairly 
regular pieces of almost any desired length. 

The principle of the chip breaker action 
was clearly illustrated by the author's early 
work on this problem. Demonstrations of car-
bide tools in a Copenhagen machine shop dis-
closed the need for more specific information 
on chip breaker design than was available in 
literature at that time (1947-48), and conse-
quently the author made a series of tests in 

Copies of this Aid may be obtained free !rem field offices of either the Small Business Administration or the U. S. Department 
of Comuerce, or by writing to the Small &siness Administration, Wkshington 25, D. C. The Aid may be condensed or rep1·oouced 
in whole or in part and redistributed. It •ill be appreciated if credit is given to the Small &sineaa Adminiet.ration . 

Comm-DC-19361 (1) 
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the Machine Tool Laboratory of the Royal Tech-
nical University of Denmark, 

Figure 2.-The remedy. Cross section of. tool .with ground 
chip breaker, showing how curling chip hits obstacle 
(arrow) and breaks (arrow). 

PRELlMINARY OBSERVATIONS 
It was first assumed that the width or , the 

height, or both, of a chip breaker would de-
termine its action and performance; however, 
it was found that tw.o particular . chi-p breakers 
always gave very similar results, although 
their dimensions were entirely different. If 
the one chip breaker, at a certain s-pee.d, feed, 
and depth of cut, would break the chips satis-
factorily, the other one would do the same and 
produce very .similar chips; and if the one 
chip bre.aker would .f'ail to break the chips, the 
other one would fail likewise. A large-scale 
drawing, with the two chip breaker profiles 
superimposed., -provided the answer: Both chip 
breakers detennined the same .circle of .chip 
flow (see Fig. 3). Once this simple princi-ple 
w·as established, it was confirmed in s ·ubse-
quent tests without exception. 

Figure ··:3,_:_Printip•le of ·the chip flow circle. Same chip flow 
circle ·on two chip breakers of different width and height. 

FACTORS WHICH DETERMINE BREAKER DESIGN 
Sim-ple geometry ('see Fig, 4) leads to the 

following relation between the width w, and 
height h, of the chi-p breaker, and the radius 
B in the chip flow circle (B for Rending, 
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Figure '1,-Geometry of the .chi.p flow circle. 

since the chi-p breaker bends and curls the 
chip, whereas the actual br.eaking is a seco nd-
ary effect) : 

2 
B=!_ +~-

2h 2 

Corres-ponding values of B, wand h can be 
taken from Table No. 3 or from Fig. 5. For 
practical sho-p use and in order to measure di-
rectly from the drawing, it is recommended to 
re-produce the figure to scale l/32" = 0.001" or 
1/16" =0.001•. This is also a convenience in 
shops where chi-p breakers are inspected in an 
optical com-parator. 

8 

Figure s. -Chart for conversion .of chip breaker dimensions. 

.Feed is the major factor in determining the 
correct value of radius B. The following sim-
ple test will demonstrate this, and at the 
same time give ·a clear .-picture o·f the possi-
bilities and limitations of a given chip 
breaker. 

Prepare a tool with a side-cutting-edge an-
gle of o0 (a "no-lead-angle" tool), and with 
chip breaker dimensions w = 0,121" and 
h=o.020~, which gives B=0.37'5" (s3e Table 
No. 3 or Fig. 5). Run the test on a low or 
medium carbon steel with a cutting speed of 
approximately 400 feet per minute and 1/8" 
depth of cut. Start with a feed of 0.005" and 
increase the feed in ste-ps until or beyond 
0.025". Collect typical samples of chi-ps from 
each ste-p, and line the chips up with the cor-
res-ponding feed. 

The results of such a test, made with two 
different chip breakers, are shown in Figure 
6, together with a elassification of the chips 
produced. 
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Figure 6.-Chip classification for two chip breakers of different radius B. 

Simple as it is, this little experiment 
shows in a nutshell the whole basic story of 
chip breaking, and from it the following con-
clusions can be drawn: 

(a) The degree of chip breaking depends 
upon the feed and the Radius Bin the chip 
flow circle; 

(b) A given chip breaker can be made to 
produce any type of chip by varying the feed 
at which it is used; 

(c) An increase in feed gives stronger chip 
breaking; 

(d) A decrease in feed gives weaker chip 
breaking; 

.(e) A certain type of chip is produced 
within a certain limited range of feeds ; 

(f) A "tighter" chip breaker (smaller cnip 
flow circle radius B) will produce a certain 
type of chip within a lower feed range than a 
more "open" chip breaker (larger chip flow 
circle B); in other words a tighter chip 
breaker has a stronger chip-breaking action . 

The preferred types of chips a r e the regu-
lar intermi t tents and the full turns (includ-
ing three-quarter turns) • These chips a:·e of 
the "shoveling size"; they are convenient and 
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safe to handle; they do not increase the tool 
load to any considerable extent, and conse-
quently they do not endanger economical tool 
life. Mass production tools should always 
have their chip breakers designed to produce 
this type of broken chips . 

Job Shop Tools.-In shops for small lot and 
single job production, the cutting tools must 
be of a general purpose character and cannot 
be designed for such narrow limits of feed; 
therefore it becomes desirable to expand the 
range of application of each chip breaker. 
The infinite helix, although unbroken, is fre-
quently an acceptable chip, because it is well 
under control and can easily be guided into 
the chip pan of the machine. The half turns 
("half moons•) are convenient to handle, and 
as long as they appear in mixture with larger 
chips they do not reduce tool life more than 
is acceptable on short-run jobs . 

For general purpose tools, therefore , there 
is a "usable range" of feeds· (shown on .Figure 
6) which, normally, is up to t wice as large as 
the "preferred range.• 

The upper limit for chip breaking i s s igni-
fied by the formation of "overb r oken" chips : 
half turns in larger quan tities , fragments, 
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splinters, and "t1.ght chi-ps" (Figure 7). 
These are three-quarter or full turns, partly 
folded together with one sharp bend, sometimes 
with a crack in the bend. 

Figure 7.-•Tight• (overbroken) chips, a danger signal. 

Overbreaking of the chi-ps creates vibration 
and a characteristic acute noise, and in-
creases the tool load considerably. The re-
sult is a sharp decrease 1n tool life. The 
appearance of overbroken chips is a serious 
danger signal since they signify: 

(a) that the chip breaker is too tight for 
the feed, and a more open chip breaker should 
be selected for the operation, or 

(b) that a large crater is worn in the tool, 
and the tool should be reground, 

Cratering of the tool is also indicated by 
a very closely curled chi-p, looking almost 
like a flexible metal tube. The chip pattern 
may be vacillating back and forth between the 
"tube chip" and the full or half turns, The 
chip has an unpleasant tendency to strike the 
cutting edge just outside of the cut (Figure 
8) and nick it. As soon as this type of chip 
appears the tool should be reground and the 
chip breaker opened up slightly, 

Figure s.-Darrage to cutting edge by tubular chip. 

INFLUENCE OF CUTTING CONDITIONS 
Cutting conditions, other than feed, influ-

ence the chip breaking in the following way: 
When a tool is ground with a side-cutting-

edge angle (SCEA, lead angle), the thickness 
of the cut becomes less than the feed (Figure 
9). This has the same effect as a reduced 
feed, i.e., the chip breaking is weaker, 

In a cut of a substantial depth, the chip 
flow will be practically perpendicular to the 
the cutting edge and, normally, perpendicular 
to the chip breaker. With a decrease in the 
depth of cut the chip flow will chan~e its di-
rection (Figure 10), and the chip will strike 
the chip breaker at a reduced angle, This has 
the same effect as widening the chip breaker, 
and will therefore weaken the chip breaking. 

Actual chip thickness is somewhat greater 
than the thickness of the cut, due to metal 
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THICKNESS OF GUT 
FEED 

-I 
I 

SGEA 
Figure 9,-Side-cutting~dge angle reduces thickenss of cut in 
rel at ion to feed. Formula: Th ickness of cut= feed x cos SCEA-

Figure 10,-Variation of depth of cut changes 
direction of chip flow, 

deformation in the shear plane ahead of the 
cutting edge. The variation in chip thickness 
depends, among other factors, upon the cutting 
speed. 

At cutting speeds from 400 FPM and up the 
thickness of the chip can, for our purpose, be 
considered constant. Below 400 FPM the chip 
becomes thicker and more brittle, which gives 
stronger chip breaking. 

Within normal practical limits a change in 
rake angle does not seem to have any effect on 
the chip breaking. 

The various cutting conditions listed above 
can all be taken care of by determining the . 
chip breaker dimensions on the basis of a 
"modified feed" instead of the real feed. The 
modified feed is computed from the real feed 
by means of the multipliers from Table No. 2, 
or by using the wind-mill diagram in Fig. 11, 
The complete method will be explained later in 
connection ~1th a numerical example, 

Table 2.-MULTIPLIERS FOR COMPUTING MODIFIED FEED 

For slde-cut-
t log-edge angle Small Medium Large 

0°-15" 300 45° 60° 

multiply reed by 1 0.875 0.76 0.56 

For cutting speed Low Medium Hlgh 
200-299 FPM 300-399 FPM 400-1000 FPM 

multiply reed by 1.113 1.05 1 

For depth or cut Small Average Large 
o.oeo•-0.O99• o.1OO•-o.2e0• O.30O•-0.75O" 

multiply reed by 0.77 1 0.87 



ECONOMICAL CHIP BREAKERS FOR MACHINING STEEL 5 

.S/lJE-CVTTING-£1XiE , 1, ' ""o 'v~ CUTTINGfJ/'££/) AN(;L£(5CEA,LEAD) 0', 
~o 

PEPTN<YCVT 

IJ.lltll" p.p,q· CJ.DIP' 
ACTUAL 

Figure 11.-Multipl iers for conversion of 
•actual feed• to •modified feed.• 

Effects of Different Materials 

Materials respond differently to chip 
breaking. This was confirmed by the author's 
experimental work at Cornell University spon-
sored by The National Machine Tool Builders' 
Association, on three representative grades of 
steel. The results are summarized on the 
graphs, Figures 12, 13, _and 14, and tabulated 
in Table No. 3, 

./ 
V 

./ 
w ./ ,, ./ 

&' / 
g ./ ,, 'IISAau: . -- --- - - - -,~ ... - -,,;, / ·,.•' •-M~~ 

1/' / 
/, ./ .,-

7/ --- -- - -
0 

RAD/ 13 . a12r IJ.2511" /J.375" a5t»' //.7; ~- I. 

Figure 12.-•Preferred" and •usable" feed ranges as related 
to radius B of chip breaker. Free-cutting Stee l , 8•1112: 
55,000-75,000 psi Tensile Stre ngth , 35,000-50,000 psi Yield 
Point, 126-150 BHN. 

In the graphs and the table the preferred 
and the usable ranges of feed are plotted and 
listed in relation to the various values of 

-19361 

0.040':_,.... _____ ......,.--......,.----,----,---,r--, 

0 
l?AOIV_, 13 • IJ./25" 

Figure 13 . -•Preferred• and 'Usable: feed ranges as 
to radius B of chip.breaker. Plain Carbon Steel, 
47,000-60,000 psi Tensile strength, 30,000-40,000 
Point, 101-140 BHN. 

related 
C 1015: 
psi Yield 

the chip flow circle radius B of the chip 
breaker (compare also Figure 6). A vertical 
line for a fixed value of B shows the feeds 
for which this particular chip breaker oan be 
used. A horizontal line for a fixed value of 
the feed shows which sizes of chip breakers 
can be used with this feed. A dotted middle 
line is drawn through each of the areas for 
preferred chip breaking. This line represents 
the "middle of the road" conditions for chip 
breaking, because it provides the largest pos-
sible margin of safety in either direction, 
with respect to the unavoidable variations, 
errors in chip breaker dimensions, changes in 
the conditions of the cutting edge, and so on. 

a~·~-----.,------,-~--,----.--, 

-.,,"-- ·-· 
p 

RAO///_,~• 0-125' P.250° P.375" 0.51)(/' P.76()" I.@" 

Figure lll.-"Preferred • and "Usab 1 e • feed ranges as rel a tea 
to radius B of chip breaker. Alloy Steel, annealed, 41'10: 
85,000-1-05,000 psi Tensile Strength, 55,000-75,000 psi 
Yield Point, 170-223 BHN. 

Di.• ensions of Chip Breakers 

Reasonable dimensions of the chip breaker 
in proportion to the over-all size of the cut-



6 ECONOMICAL CHIP BREAKERS FOR MACHINING STEEL 

Table 3,-CHIP BREAKER DIMENSIONS WITH CORRESPONDING PREFERRED AND USABLE FEED RANGES 

Chip-break.er Feed ranges ror-

Radius 
Width He 1ght Free-cutting steel Lol't-carbon steel Alloy steel 

B w h B 1112 C 1016 4140 

O.OSQ 1 0.015• PREFERRED 

Q ,068 I 0 .020• 
0.125 1 

0.075 1 0 .025 1 

0.081• o.~• 

0.086 1 0.015 1 PREFERRED 

0.250 1 
0.098 1 o . ozoi 

o. 109 1 0.025 1 

0.119 1 0 .030• 

0 .1051 0.015 1 PREFERRED PREFERRED 

0 .121' 0.020 1 

0.375 1 
0 .1351 0.025 1 

0.147 1 0.030 • 

0 .1211 0.015 1 PREFERRED PREFERRED 

0.140 1 0.020 1 
0.0131 -0.019 1 

0.500• 0.156! 1 0.0251 0.0121-0.0221 

0.1711 0,030 1 USABLE USABLE 

0.149 1 0.015 1 PREFERRED 

0.172' 0.020• 
0.750" 

0.1921 0.025 1 

0.210 1 0.030 1 

0.1731 0.015• PREFERRED PREFERRED 

0.199 1 0.020 1 
o.011•--0.031 1 

1.000 1 
0 . 026 1 0.222' 

0 . 243" 0.030• 

ting tool are obtained, when the height h of 
the chip breaker is taken from Table No, 4, 

Once the height his selected it determines 
not only the width w, that is necessary in 

Table 4,-CHIP BREAKER HEIGHT IN RELATION TO 
SIZE OF TOOL 81!.ANK 

Height or 
tool shank ••• Less than 3/ 4 1 3/4'-7/8" Hore than 7/8 1 

He 1ght or chip 
breaker •••••• 0 . 016 1 -0 . 020• o .oro•-o.ozs• o .ozs•-0 . 030• 
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order to arrive at the desired Radius B for 
breaking the chip, but also the fillet radius 
R, that is necessary for smooth chip flow, 

The fillet radius R is the same as the ra-
dius en the corner of the grinding wheel, and 
in combination with the height hit determines 
the heel angle HA (See Figure 15), which in 
turn is responsible for the smooth flow of the 
chip over the heel Hof the chip breaker. If 
the fillet radius R is too small, then the 
heel angle becomes too small, i,e;, the slope 
of the chip breaker becomes too steep, and the 
result is overbreaking of the chip, crowding 
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h 

Figure 15.-Grinding the chip breaker . 
Formula: sin HA= 1 - .h. 

R 

of the chip breaker, and almost instantane-
ously a completely ruined tool (See Figure 16), 

This particular cause of chip breaker fail-
ure is probably the most common of them all, 
and probably more tools are destroyed this way 
than by any other error in the design and 
grinding of chip breakers . 

Figure 16.-An incorrect chip ·breaker becomes a tool breaker. 

For good chip flow and efficient chip 
breaking at the same time, the heel angle HA, 
Fig. 15, should be between 35° and 50°, and 
this is accomplished when the fillet radius R 
is kept between the limits given in Table No. 
5. The corner radius on the grinding wheel can 
be checked accurately enough by means of a 
radius gage. 

Tab le 5.-RECIJlft!ENDED LIMITS F'<R F'ILLET RADIUS R AND 
CORNER RADIUS ON GRINDING WHEEL 

ChiD breaker height •••.. .•• h, , 0,015" 0. 020• 

Limits ror tlllet radius ... R .. 0.035"-0.085" 0.050"-0 .085" 

Chip break.er hP.lght, •.. •. .• h •. 0 . 025• 0.030' 

Limits for r111et radlus .. . R .. o.oeo•-0.100• 0 . 070"-0.125" 

It :l.s very fortunate t hat the condit ions 
for smooth chip flow coincide with some meas-
ur es for saving diamond wheel material, 

A d1amond 1·1 heel should not be dressed dorm 
to a sharp c orner o Whan the wheel is ~orn to 
the upper l:h:uJlt o f th -a corne r I'adiu . .s ft sJ1ould 
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be dr essed do~n only so far that the p e riphery 
is straight, and the lowe r limit of the corner 
radius can be reproduced, The saving of dia-
mond wheel material by this method is close to 
50 percent or more. 

Othe r methods for saving diamond mater ial 
are the use of factory-ground chip breaker s 
(Figures 17 and 18), and clamped chip breakers 
(Figures 20 and 21). 

The factory-ground chip breaker in .Figures 
17 and 18 is of the angular type, that is, the 
heel of the chip breaker is no longer parallel 
with the cutting edge. The effective width w 
of the chip breaker is measured at the tip of 
the tool , a nd can be increased or decreased by 
grinding off the end-cutting-edge or the side-
cutting- edge, respectively, 

D 
Figure 17 . -Carbide tip w·ith factory-ground angular chi-p 

breaker. (Courtesy Kennametal Inc., Lat robe, Pa,) 

figure 18,-Kennemetal BRH-16 holder with HS insert incorpo-
rating permanent chip breaker (•factory-ground•) . (Cour-
tesy Kenna,retal Inc . ) 

A different type of angular chip breaker, 
with the opening in the opposite direction, is 
shown in Figure 19A, This type does not have 

Fi gure 1\1, -Mgular ch i p bn;a!,er used for f' i ne cuts. 
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the same advantage as the one in Figure L7, 
but is recommended for fine cuts, where the 
parallel type may fail. The angle should not 
be larger than 8° - 15°; otherwise, the chip 
may be thrown off to the right and damage the 
finished surface (See Figure 19B) . 

The clamped chip breaker (sometimes called 
a "mechanical" chip breaker),. as shown in Fig-
ures 20 and 21, has no groove ground into the 
tobl. rt consists of a beveled block, adjust-
able in relation to the cutting edge, and very 
securely clamped, so that it cannot be moved 
out of position by the pressure from the chip. 
Furthermore, there should be no gap between 
the block and the tool face. For high-speed 
cutting of steel the front of the block must 
be carbide or cast alloy. Any softer material 
will wear out rapidly. 

Figure 20.-Everede BX-L tool holder with triangular tool bit 
and adjustable clamped chip breaker. (Courtesy Everede 
Tool Company, Chicago, 111.) 

EXAMPLE OF CHIP BREAKER DESIGN 
Determine the dimensions of a chip breaker 

for turning of free-cutting steel at 350 FPM, 
0.150" depth of cut, 0 . 021" feed and with a 
3/4" tool having 30° side-cutting-edge angle. 

Step IA. Use Table No. 2. The data given 
above determine the following single multi-
pliers: 

30° SCEA ••••••••••••••• 0.875 
350 FPM cutting speed •• 1.05 
0.150" depth of cut •••• 1 
Total multiplier .•••••• 0.875 x 1.05 x 1=0.92 
Modified feed •••••••••• 0.021 x 0.92 = 0.019" 

or Step IB. Use Figure 11. Start at 0.021" 
actual feed, go up, meet line for 30° SCEA, go 
to the left, meet line for 300-399 FPM, go 
down, meet line for 0.100"-0.299" depth of 

cut, go to the right. Read 0.019" modified feed. 

Step 2A. Use Table No. 3. Go down through 
column for free-cutting steel. The modified 
feed of 0.019" is found within the preferred 
range for the following values of radius B: 
0.375", 0.500", 0.750", and 1.000"; but 0.500" 

-19361 

Figure 21.-Viking Type RK-BV straight turning tool with ad-
justable clamped chip breaker. (Courtesy The Viking Tool 
co., Shel ton, Conn.) 

is the best choice, since the feed of 0.019" 
is in the middle of the corresponding preferred 
range 0.012"-0.026". 

Or Step 2B. Use Figure 12. Start at 0.019" 
on the vertical axis. Go to the right. Enter 
"preferred range" at approximately B=0.300", 
and meet the middle line at B = 0.500". 

Any chip breaker with radius B from 0.300" 
to a little over 1.000" wi.11 do the job, but 
the one with B=0.500" is the best choice. 

Step 3. Use Table No. 4. For a 3/4" tool the 
height h can be taken at 0.020". 

Step 4A. Use Table No. 3 again. Enter at 
B=0.500". A height h of 0.020" requires a 
width w of 0.140". 

or Step 4B. 
B = O. 500". 
w = 0 .140". 

Use Fig. 5. Follow curve for 
Meet h = 0.020" at approximately 

Step 5. Use Table No. 5. A height h of' 
0.020" requires that the corner radius on the 
grinding whee 1 should be bet ween O. 050" and 
0.085". 

Solution: Chip breaker height •. • •••. 0.020" 
Chip breaker width .••.•... 0.140" 
Radius on grinding wheel .• 0.050" -

0.085" 
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