
focus: boring

he inserts I bore with are causing
me all sorts of problems with
breakage, chatter and part quality.

What can I do?”
Customers often ask me this question

during technical support calls about in-
sert-style boring bars. The most misun-
derstood boring bar item is the common
screw-down carbide insert, especially
one with a chipbreaker geometry. 

End users seem to rely on the axiom,
“If a little bit is good, then a whole lot
has got to be great!” They believe that 
if a chip-control insert is effective for
OD hogging, then it must be good for
boring. 

While chip-control inserts work well
for OD turning and facing, the chip-
breaker tends to “get in the way” when
boring holes, especially holes less than
1.0" in diameter. In most cases, the ma-
chinist will be able to—and should—
drill the hole to be bored within 0.030"
of its final size. This leaves a depth of
cut of about 0.015" per side, just right
for a finishing pass with a boring bar. 

But because most chip-control inserts
are designed for a minimum DOC ex-
ceeding 0.020", the chip-control insert
is not only ineffective but it can cut the
wrong size hole, alter the roundness
and impart a poor surface finish. 

A typical chip-control insert has the
chipbreaker geometry pressed into the
“green” carbide cutter before it’s sin-
tered, or baked, in a vacuum chamber.
(Some geometries are ground in after
sintering.) Pressed-in chipbreakers result
in a slightly rounded cutting edge. At a
light DOC, this rounded edge causes the

insert to push away from the workpiece
being bored and then dive in again, re-
sulting in chatter, an uneven surface, and
an out-of-round and/or tapered hole. 

The cure for these problems is a “flat-
top” insert. These inserts are ground on
all sides and have very sharp cutting
edges. This style of insert cuts freer, im-
parts a smoother finish, eliminates chat-
ter and produces a rounder, truer bored
hole.

Considering Clearance
Besides chip control, other insert

considerations are clearance angle, sup-
port under the insert and top rake angle.
The clearance angle becomes increas-
ingly critical as the diameter of the hole
decreases. When boring holes under
0.500" in diameter, side clearance of
11° is paramount. 

But when boring holes under 0.250"
in diameter, the tool reaches a “critical
mass.” Inserts need more than 11° of
clearance, clamp screws become nearly
microscopic, insert support becomes a
wish and positive top rake turns into a
dream. 

A heavy-metal boring bar absorbs vibration and reduces chatter, which is critical when

the tool-length-to-diameter ratio exceeds 4.5:1.
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Bore OnFrom the spindle to the cutting edge, advice on adjustable boring
heads, boring bars and inserts.
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A boring-system designer wants end
users to bore with inserts and clamp
screws that are readily available, lest his
product be viewed as insupportable. As
most carbide-insert producers tend to
concentrate on cutters for milling and
OD turning, there is a dearth of high-
positive-clearance inserts on the mar-
ket, especially small inscribed-circle
(IC), non-chipbreaker, flat-top inserts.

To use common ANSI- or ISO-stan-
dard inserts and clamp screws in a bor-
ing bar involves a trade off. For exam-
ple, the positive top rake angle is sacri-
ficed for bore clearance, because the
insert is rotated into a negative rake
angle. While rotating an insert into a
negative inclination achieves more bore
clearance, gives more support to the in-
sert and more material for the clamp
screw, it results in a high cutting force,
inducing a negative top rake angle. This
is just what a small, relatively weak
boring bar does not need.

Countering this problem requires an
insert with a high-positive-rake gash
across its top face. But creating this fea-
ture on an insert with an IC of 0.156" or
smaller is extremely difficult. 

Small-diameter holes need the in-
sert’s cutting edge to be from “on cen-
ter” to as little as 0.005" above the cen-
ter. Setting a boring tool below center
causes the neck of a steel tool to flex
“down” as it enters the cut (a solid-car-
bide neck remains rigid or breaks). As
the steel bar flexes downward, the cut
becomes deeper and the downward
force increases, which causes the tool
to flex even more. Conversely, when an
above-center boring tool flexes down-
ward, the cutting edge “comes out” of
the cut slightly, thereby reducing the
downward pressure until the cutting
force is balanced against the flex. 

These problems have driven some
boring-system manufacturers to design
their own inserts and screws. Manufac-
turers of boring tools try to design in-
serts as “mainstream” as possible, but
certain changes are needed to produce
cutting tools that work. The manufac-
turing tolerances on such inserts are
tighter than the industry standard, and I
have found that for screw-down inserts,
IC size and concentricity to the screw
countersink is extremely critical. 

Carbide grade is another important
factor when selecting an insert for bor-

ing. The basic grades are C-1
through C-8, with the most pop-
ular being the C-2 and C-6
grades. C-2 is harder and more
brittle, whereas C-6 is softer and
less brittle, since it exhibits a
higher cross-rupture strength.
Traditionally, C-2 has been a
general-purpose grade for ma-
chining cast iron and nonferrous
materials, while tools made of
C-6 have been utilized for ma-
chining steels or when there is an
interrupted cut.

Micrograin carbide is also available.
It has a higher cross-rupture strength
than traditional C-6 carbide. Micro-
grain-carbide inserts can handle inter-
rupted cuts that would chip or break
other grades of carbide.

Coatings that increase the surface
hardness and/or lubricity are another
consideration. While there is a plethora
of coatings available, the most popular
and recognizable coating is titanium ni-
tride—the gold-colored coating. Insert
manufacturers can, and do, tailor coat-
ings to suit a specific operation and/or
workpiece material. See your carbide
supplier’s catalog for specific examples.

Controlling Chatter
A critical aspect of boring that end

users also need to pay attention to is
overhang. Overhang is the portion of the
boring bar that’s not supported by the ad-
justable boring head. The boring bar
should not exceed a tool-length-to-diam-
eter ratio of 4.5:1 unless the bar is made
of carbide, heavy metal (a high-tungsten
alloy that’s machinable) or is mechani-
cally dampened (a damp-
ened boring bar has a
mechanism installed in-
side the bar that increases
dynamic stiffness). Even
with an overhang ratio of
less than 4.5:1, chatter
can be a problem. 

The primary cause of
chatter is an insert radius
that’s too large. At any
overhang ratio greater
than about 4:1, an insert
radius of 1⁄64" or smaller is
required. Applying an
insert with a larger ra-
dius will lead to chatter.
Here again, the chip-

control insert rears its ugly head, in-
creasing the likelihood of chatter. As
the insert radius is increased, the cut-
ting pressure is increased. This causes
the tool to flex, which results in chatter.

If the need is for a fairly deep bore
and boring is performed with an insert
radius of more than 1⁄64", then a boring
bar made of a dense material or a me-
chanically dampened bar is required.
But even these bars only go so far in
solving this problem. 

Feeds and speeds also have to be bal-
anced to achieve good bore finish and
size. Often, though, speed-and-feed
calculators prove inadequate. Some
combinations of boring bar, insert and
overhang ratio require “creative”
speeds and feeds. Trial and error is the
name of the game here. 

Furthermore, always choose a bar
with the largest minimum bore diame-
ter (the size of the bore produced when
the bar is spinning around its own cen-
terline) that will fit in the hole to be
bored. The bar’s minimum bore diam-
eter can actually be larger than the pre-

Micrograin-carbide inserts resist breaking and

chipping in interrupted cuts.
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When boring holes under 0.500” in diameter, a side clear-

ance of 11° is paramount. An insert with a side clearance

of 7° is typically applied when facing or turning.



bored hole. For example, if you have a
0.720"-dia. hole and need to bore it out
to 0.760", a 0.750"-dia. minimum bore
bar would be the most desirable. 

At the other end of the spectrum is
the shallow bore, which usually has less
than a 2:1 bore-to-depth ratio. A stubby
bar is perfect for shallow boring. It ac-
cepts the same insert and clamp screw
for a given minimum bore diameter as
its longer brother, but it will be very
stiff. Nearly any insert radius will work,
without causing chatter. Since this style
of bar is so stiff, hogging can easily be
performed.

Head Adjustment
Proper adjustment of the boring head

is also very important to maximize bor-
ing efficiency. The vast majority of bor-
ing heads have three basic parts: a bar
holder, the body and the dial screw. 

The boring bar should have a set-
screw flat milled on its shank or a
square shank with rounded corners to
fit the ground bar-holder holes. When
assembled correctly, the flat on the bar
mates with the setscrew in the bar
holder to set the cutting edge on center-
line. If no flat exists on the bar, mill one
on. If you don’t, the setscrew will dis-
place shank material, making the bar
difficult to remove from its holder. 

The bar holder fits into the body via
a precision-machined and ground dove-
tail. The body has three setscrews that
affect the fit and locking of the dovetail.
The two outside setscrews are set at the
factory and are called “gib-adjust”
screws. They apply pressure to the dove-
tail to prevent it from moving out of po-
sition when the center “lock” screw is
loosened to adjust the bore size. 

However, don’t panic if you have to
adjust these factory-set outside screws.
Just loosen all three screws, place a hex
wrench in the dial screw and, while
turning the dial screw, first snug one
and then the other outside setscrew to
achieve a little drag on the dial screw.
There are no other rules; it’s all a mat-
ter of “feel.”

The third part is the dial screw. All
boring heads should be direct-reading,
which means that when you adjust the
dial screw by one line, the cutting edge
is advanced 0.0005" radially (0.001" on
the diameter). 

When boring with an adjustable (off-
setting) boring head, the nature of the
machine tool will cause an out-of-bal-
ance condition. As the adjustable head
is offset, the bar-holder mass moves far-
ther off center, causing an increasingly
greater out-of-balance condition. The
more offset, the more out of balance
you will be. 

An offset boring head and close-tol-
erance boring are the enemies of high-
speed boring. As speed increases, the
centrifugal force causes the boring bar
to “whip,” which can result in an out-
of-round and/or tapered hole. 

To reduce out-of-balance and large-
offset problems, try to use a boring bar
that is as close to the finish size as pos-
sible. This will prevent large offsets and

allow higher speeds, since the
head will be more balanced and
the boring bar will be stronger. 
xxThe final consideration for
effective boring is the taper
shank that fits into the machine.
I specifically use the term
“taper shank” here because—of
the three ways to mount a bor-
ing head on a machine tool—a
taper shank is the most rigid.
This practice is acceptable with
all CNC-style shanks (CAT V,
BT-style, etc.) and conven-
tional-style taper shanks, such
as Bridgeport R-8 or Morse
Taper (i.e., MT No. 3). 
xxThe second best way is to
use your largest endmill holder
and a straight shank. The
smallest straight shank you
should ever use is one that is at
least 25 percent of the diameter
of the boring head. Of course,
the larger the shank the better. 
xxThe least-effective method is
to use a straight shank in a col-
let holder. The problem here is

if you are using a single-angle collet
and the shank is anything other than the
size the collet was ground to, then the
collet locates on a single ring of con-
tact. This allows the shank to “chuckle”
in the collet, resulting in chatter and an
out-of-round hole. 

If, however, you have a double-angle
collet (clamps at the front and back)
and the straight shank is ground to
nominal size, satisfactory clamping can
be achieved. Be aware, though, the
more “chunks” you have between the
spindle and the cutting edge, the greater
the chance of failure.
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The basic boring head is made up of three compo-

nents: the body, bar holder and graduated microm-

eter screw (dial screw). The body is usually thread-

ed to permit its acceptance into most machine

tools. The bar holder contains a dovetail mated to a

dovetail slot running the full width of the body.

And the dial screw moves the bar holder along

with it as the dial screw is advanced or retracted in

controlled adjustments of 0.0005", or less.
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