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A LOGICAL, MATHEMATICAL APPROACH TO OPTIMIZING CENTE!I.ESS GRINDING

(From Set-Up To Trouble-Shooting)

by

Villiam D. Pollard
Principal Engineer (Retired)
The ﬁgrborundum Company

A logical approach to centerless grind-
ing, used with ordinary mathematics can de-
termine 1) the present performance level of
the grinding wheel under existing conditions,
2) the level of productivity that could be
“reached if conditions were changed, and 3)
the conditions to specify in order to reach that
level.

The same approach can be used to set up

" new applications as well. Formulas used in-
clude Width of Cut, which can control grind-

ing wheel action, life and productivity, and
Ratio/Proportion, which calculates the pre-
cise adjustments needed to regain lost produc-
tion due to redressing of the regulating wheel,
as well as to coordinate traverse rates when
two or more machines are used in tandem.

Compensations for the changes that oc-
cur as the regulating wheel becomes smaller
in diameter are given. Certain often over-
looked machine conditions that cause prob-
lems are also discussed.




In order to take greater advantage of the
potential capabilities of the centeriess grinder
it is necessary to understand the basic, but
important, principles that are involved in its
setup and operation.

First, keep in mind that one pass of the
workpiece through the centerless machine is
the equivalent of an eatire cycle of roughing,
semi-finishing and sparking-out passes as
performed on a cylindrical grinding machine,
except that the centerless machine does it in
less time.

COMPONENTS OF A CENTERLESS GRINDING SETUP
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1= GRIMDING WHEEL 2=REGULATING WHEEL
(1 & 2 REVOLVE CLOCKWISE)
3=WORK REST BLADE IN FIXTURE
4=HEIGHT FROM BASE TO CENTERLINE
S=WORK FIECE A=ANGLE OF INCLINATION
(S REVOLYES COUNTER CLOCKWISE)

A drawing will illustrate the three ele-
ments of the centerless setup, the grinding
wheel. the regulating wheel and the workrest
blade. The grinding wheel does the actual
grinding but only because the regulating
wheel makes it possible by controlling the
movement of the work piece and applying
pressure against the grinding wheel. The
workrest blade supports the work piece verti-
cally, maintaining its position relative to the
centerlines of the two wheels so that concen-
tricity will be achieved.

Usually, most of the stock is removed by
the front section of one third to one half of the
grinding wheel face. Semi-finishing is done
by the next third, approximately, while spark-
ing out is done by the final third of the wheel
face. All pressure must be relieved before the
exit of the workpiece in order to obtain the best
possible surface finish without traverse lines.

In the ideal setup, the grinding wheel is
prepared for this by dressing a contour from a
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profile template that provides a lead-in taper
on the front end and a short relief on the exit
end. The grinding wheel face will normally
wear into approximately this shape while
grinding. Dressing simply gives the wheel a
better start, making it more effective with the
first pass.

The Diamond Shows Yhat's wrong

When it is used. the diamond dresser 1s
one of the operator's best friends. because it
helps him to identify the cause of many of the
problems he can experience. For instance. at
the time of redressing (the grinding wheel),
the aperator can observe what part of the
wheel the diamond touches first, next, and
then last. This will serve to analyze the align-
ment of the machine and reveal where the
grinding is actually being done. The greatest
amount of wheel wear will be found where the
greatest amount of grinding has been done,
naturally. The least wear will be found where
little or no grinding has been done. From this,
the grinding wheel itsell will show what is
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right and what is wrong in the machine setup
or alignment.

Normally, the diamond should first touch
the back, then the middle, and finally the
front of the wheel face. If it contacts the wheel
in any other order, it usually means some-
thing should be adjusted in the setup. For in-
stance, if the diamond contacts in the front
and the back before the middle it means that
the grinding is being done in the middle of the
wheel [ace, instead of at the froat

The cause of the problem is in the align-
ment of the machine elements (open in the
front), the shape of the regulating wheel is
wrong (large in the middle), or the work height
setting is incorrect (too low), or a2 combination
of these. As a result, the wheel has to be dressed
too frequently. The “breaking-in" period of
- the wheel face can be shortened, or even
eliminated, and the interval between dress-
ings can be shortened.in this manner. This
situation occurs mostly in the grinding of
§‘t)110rtmltd=:gth pieces and small diameter flex-
ible .

The Regulating Wheel Controls *
The Verkpiece

The regulating wheel is (usually) made of
rubber so that its coefficients of friction and
compression can regulate, or control, the
movements of the workpiece. which are rota-
tional with traverse in thrufeed applications,
and rotational with infeed pressure in plunge
applications. It acts as a brake so that the
workpiece will not rotate at the same speed as
the grinding wheel. On its pass through the
machine the workpiece will follow the shape
of the regulating wheel and will reproduce
that shape to some degree. This will be covered
in the next two sections.

The Shape of the Regulating Wheel
Is Important ‘

Basic to success in the setup is the correct
shape of the regulating wheel w the line of
watact with the workpiece. Four settings cre-
ate this shape: the angle of inclination of the
regulating wheel, the swivel angle of the
regulating wheel dresser slide, the setover of
the diamond in the dresser slide and the height
of the work piece center, either above or be-
low, the wheel centerline.

The angle of inclination, which tilts the
wheel (high at the entrance end, low at the
exit end), causes the workpiece to traverse,
and determines the width of cut per revolution

of the workpiece. (The width of cut is a very
important factor in improving production
rates. This is fully discussed further on.) The
swivel angle and the diamond setover produce
a cylinder whose outside diameter is smaller at
the midpoint between the two ends on the
regulating wheel face, while the proper height
of the workpiece to the wheel centerline brings
it all together.

1f the height setting is not correct. the
shape of the regulating wheel, no matter how
carefully it was generated, will not present a
straight line of contact with the workpiece. It
is in this feature that many operators can
become careless.

The Dresser Slide Controls
The Rogulating Wheel Shape

The dresser slide, located above the regu-
lating wheel, pivots at, or near, the midpoint of
the regulating wheel diameter so that the dia-
mond will, in one full pass, cross over at this
point. This is where the diamond should touch
a new regulating wheel first. When the dress-
ing operation is completed, with the diamond
having dressed the full width, the regulating
wheel should be smaller at the midpoint than
at the two ends.

PROBLEMS WITH REGULATING WHEEL SHAPE
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Attention should be paid to the setting of
the dresser slide. If its angle is less than re-
quired, the regulating wheel will be larger in
the middle than it should be. This is where the
initial grinding will be done. If its angle is
greater than required, the regulating wheel
will be smaller in the middle than it should be.
This shape can allow pressure on the work-




piece 1o be lost in this area and shori work-
pieces can become “spinners”.

An easy way to check the wheef face is {0
\ place three aor more short work pieces spaced
out between the wheels then with the wheels
turned on, gradually bring the regulating
whee! in until at least one of the parts revolves
and staris to traverse. If the middle piece is the
first to move, the regulating wheel face is
larger at that point. If either of the two end
pieces move first, the regulating wheel face is
larger at that peint. It is possible to adjust the
tilt angle. without dressing, so that it will ac-
commodate the dressing angle.

Operator handbooks have reference
tables for the correct settings, which depend
upon the ratio of work size to regulating wheel
size. Generally. the dresser slide angle is never
greater than the angle of inclination. The
smaller the workpiece, the lower the contact
will be with the wheels. and the closer the
angle of the dresser should be to the angle of
inclination. For larger workpieces, such as 47
in diameter. the angle of the dresser would be
15 to 20 minutes less than the angle of inclina-
tion.

In thrufeed grinding the workpiece will
follow the shape of the regulating wheel at the
fine of contact. Therefore. if the regulating
wheel 1s convex. or barrel shaped on this line,
the workpieces will also become barrel shaped
{smaller on the ends) depending upon its
fength if workpieces are short, or on diameter
if bars or rods are long. Another resuit is that
the grinding wheel face will hecome concave
as grinding continues, wearing more in the
middle section where the actual grinding is
being done. Either shape is the reason that
"breaking in” becomes necessary before size
and finish become stabilized and why redress-
ing becomes more froguent. The quality of
production will vary until the grinding wheel
wears in.or the shape is corrected.

. If the regulating wheel is concave at the
fine of contacit. a short workpiece will become
smaller in the middle. and the grinding wheel
face will become convex as grinding contin-
ues. wearing more ait the entrance and exit

where pressures wers applied, than at the
middle where less grinding was donpe.

In infeed, or plunge grinding, the re-
verse of the above situations 1s true, The work-
piece takes the opposite shape of the regulat-
ing wheel. If the regulating wheel s concave.
the workpiece will become convex, and vice
versa, This may explain problems that are
sometimes blamed on the profile cam.

Even when grinding large diameter bars
that do not flex appreciably. the shape of the
regulating wheel is critical because. if the
entire width of the regulating wheel face is
not in contact the degree of control is reduced.
the bars can slip in rotation, possibly stall.
especially with heavy cuis, and probably chat-
ter even with light cuts if the grinding wheel

face is glazed. The efficiency of the operation

is lowered when the available horsepower
cannot be utilized.

Those are some of the conditions that can
be detected when the grinding wheel s re-
dressed that was referred to earlier when it
was siated that the diamond is the griaders
hest friend.

Operators often neglect 0 rotate the
single point diamond used in dressing the
regulating wheel. When the diamond has
been worn to a large flat. it can generate a flat
on the regulating wheel at the middle where
contact crosses from one ed%e of the diamond
to the other while dressing. The wider the flat
on the diamond, the longer the flat will be on
the wheel face. This can cause problems on
infeed profile work.

The Diamond Setover Does Some
Interesting Things

It can be seen that, without any setover of
the diamond, the regulating wheel will be
dressed symmetrically, that is. both the front
and exit ends will be the same diameter (as-
suming the pivot point is in the middle of the
regulating wheel). The surface speed will be
the same at both ends, but slower 1a the middie
due to its smaller diameter. If the diamond is
setover “above center” by some amount, the
diamond path is closer o the front and away
from the rear of the regulating wheel. The
diamond will then dress more off the front of
the wheel before the exit end is touched. This
results in the front end being smaller and
slower in surface speed than the exit end. If
the diamond had been setover “belaow center”




instead, the diamond would have dressed more
off the exit end before wuching the front end,
resulting in the exit end being smaller and
slower in surface speed than the front end.
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A faster surface speed at the exit end tends
to separate short parts as they leave the middle
of the grinding area. A faster surface speed at
the front end tends to keep the parts together.
This is helpful when grinding large diameter
thin parts such as valve seal inserts and bear-
ing rings, so that they support each other on
their way through the machine.

When diamond or cubic boron nitride
grinding wheels are used, they, of course, are
not dressed with profile cams as are wheels
made of standard abrasives. Therefore, the
shape of the regulating wheel becomes even
more critical in controlling the grinding area
and any unusual wear patterns. Where pos-
sible, profile dressing cams are used on the
regulating wheel slide. When they are not
available, other techniques of dressing have
to be used. More on this later.

The Height Of The VWorkpicce
Brings It All Together

The workpiece is supported on a workrest
blade held in a fixture located on a bottom slide,
which can be moved to the desired position and
focked. In most production applications the
blade has a top angle of 30 degrees (for diame-
ters 1" and under) to 20 degrees (for larger
diameter work) and most often is made of tung-
sten carbide. Other materials can be used, of

course. In this type of application, the work-
piece is set above the centerline of the grind-
ing wheel (and the regulating wheel) one half
its diameter with a maximum of 1/2". This is to
facilitate the rounding up of the workpiece. If
the workpiece were set with its center on the
same centerline as the wheels, it could become
out-of-round, with three or more lobes.

When concentricity is a problem, check
the height setting, raising it if necessary.
(Caution: Setting the wonrk excessively high
can cause chatter.)

The dimension from the finished base
(that the work rest fixture is mounted on) to
the centerline of the wheels is 8 7/16" on the
*2 machines, and 9 7/8" on the *3 machines.
The centerline of the workpiece, (1" or less)
should be set at nne half its diameter above that
dimension.

(The *2 machine is one that uses a 20" grind-
ing wheel and a 12" regulating wheel. The *3
machine is one that uses a 24" grinding whesl
and a 14" regulating wheel)

The overall dimension to the top of the
workpiece would include the other haif of the
diameter. of course. The practical maximum
setting of the center above the centerline
should be 625" for any larger diameter work-
piece.

(It should be noted that with the top of the
work rest blade set to the centerline, any
workpiece (wider than the blade) up to 1"
diameter will automatically be one half its
diameter above the center line. With this in

CHECKING CENTER HEIGHTS
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EASY HEIGHT SETTING FOR DIAMETERS TO l’"

WITHIN THE RANGE SUITABLE FOR THE
BLADE WIDTH, CENTERS OF DIAMETERS
TO 1 WOULD ALL BE AT THE CORRECT
HEIGHT.

mind, fewer changes in the height of the blade
itself become necessary.)

One method of setting the workpiece
center, perhaps more convenient than meas-
uring from the base, is to establish another
reference point on the workrest fixture. This
reference base is determined by measuring its
height from the base and subtracting this
dimension from the standard base-to-center-
line dimension. A regular square head and
scale can then be used to set the workpiece.

Because each fixture can vary, each ref-
erence base should be determined from actual
measurement.

The Height Setting Confirms
The Regulating Wheel Shape

The setup is good when the workpiece
starts to grind in the roughing area and
continues to move until the back end stops
about 1/2" from the exit end of the wheels.
The fact that it stops while still between the
wheels is evidence that it has sparked out
properly.

Here is an extremely important point. If
the workpiece is not set at the correct height,
everything else in the setup is “wrong", rela-
tively speaking. The relationship is such that
there is only one line that gives the full con-
tact with the work that we need, with pres-
sures distributed across the grinding wheel

EFFECT OF HEIGHT UPON GRINDING PRESSURE
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face satisfactorily. This is an often overlooked

but very important cause of many problems,
including tapers and poor surface finish.

It is possible to make improvements of
25% or more on the surface finish of work-
pieces simply by correcting the workpiece
height setting, to allow the wheel to spark out
fully.

If the workpiece is set too high there will
be excessive pressure at the froat and insuffi-
cient pressure elsewhere on the wheel face. If
the workpiece is set too low, there will be
insufficient pressure at the front and exces-
sive pressure at the exit. Traverse lines and
poor finish will result from the low position.

VWithin its own function, the height set-
ting can be compared to the diamond setover,
in that moving the wurk higher, (as “above
center” with the diamond), moves the work
upward into the front end of the regulating
wheel, increasing grinding pressure there.
Moving the workpieces lower, (as “below
center” with the diamond) moves the work
lower into the exit end of the regulating wheel,
increasing pressures there. (While this is
otherwise a problem in the ordinary setup, it
can be used to advantage when a diamond or
cubic boron nitride wheel shows excessive
wear in one area of the grinding face. By
changing the work height slightly, the grind-
ing area can be shifted.) On those machines
that do not have a taper correction device,
adjusting the height of the workpiece in this
manner is the best way to eliminate tapers in
infeed applications, as opposed to offsetting
the grinding wheel profile template.




It takes only a few seconds to correct the
height, assuming it is somewhere close. Often,
the workpiece can be rolled up or rolled down
on the top angle of the workrest blade by
adjusting the work guides (or the regulating
wheel, whichever is more convenient) in or
out, and moving the bottom slide and regulat-
ing wheel slide into proper position for size. A
change of 1/32" can make a significant im-
provement. In this way, while the height of
the workpiece is corrected, the height of the
workrest blade is undisturbed.

Contrary to the usual practice of grind-
ing above the centerline there are certain
types of work pieces, either very small diame-
ter and light weight or flexible, such as thin
wire or guitar strings, that are normally ground
below center This prevents their being washed
away by the coolant. A hold-down rail is often
used as well. The diamond is setover “below
center” (o generate the correct regulating
wheel shape.

The Steel Industry Has Its Own Practices

In the steel industry, when grinding bars
on *3 centerless grinders. it is common prac-
tice to take heavy roughing cuts, and as the
wheel face wears to a taper, use the tlaper
adjustment feature to move the regulating
wheel in at the entrance to make the two wheel
faces almost parallel again for the finish pass.
1a this way more of the wheel face is used for
the light finish pass and the finish is improved
greatly. The grinding wheel is seldom dressed
with a diamond.

SETUP FOR GRINDING BELOW CENTER
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In this example, there are two hex-head
adjusting bolts, one on each side of the regu-
lating wheel slide. One is loosened, the other is
tightened to move the slide as needed. The
operator uses the flats and points on the hex-
head to keep track of the adjustments so that
any position is easily relocated. In some situ-
ations a dab of paint on one of the flats is used
as a marker so that each operator can recog-
nize home position and any movements away
from it made during the other shift, for in-
stance.

Bars are usually ground below center
while rotating on flat workrests made of a soft
material such as brass or bronze. In this posi-
tion there are greater downward pressures
exerted on the bar, eliminating the teandency
to chatter as a result of the whipping action of
the free ends of the bar.

As the workrest wears to the radius of
work drops lower. This is usually not a prob-
lem, (as it improves roundaness) until chatter
occurs, or until a change of work size, when a
new workrest is mounted in the machine.
However, special care should be taken to make
sure the bar is resting firmly on the workrest,
and not being held up by the outboard feeding
equipment. This would result in chatter and
“low ends”.

While less attention may be paid to the
finer details of the setup in the steel industry
than in the bearing industry, for example, the
shape of the regulating wheel is actually just
as important to the steel industry. In the grind-
ing of small diameters, especially on the *2
machines, a barrel shaped regulating wheel
will apply excessive pressure on the middle
section of the grinding wheel, causing it to
wear into a concave shape Bars with any
Rexibility will follow the convex-concave path
between the wheels and will twist, bend and
vibrate. During the wearing-in period. re-
sults will be variable and it will be difficult to
get good finishes consistently.

The Regulating Wheel Changes-
And Keops Changing

There is one more very important char-
acteristic of the regulating wheel that should




HOW THE REGULATING WHEEL SHAPE CHANGES
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be considered. The operator knows that when
a new regulating wheel is mounted, the front
of the regulating wheel has to be moved out-
ward s that the face of the wheel will be
properly positioned to the grinding wheel
face. Then, after a certain number of dress-
ings. he has to make periodic adjustments to
move the fruoat end of the wheel in toward the
grinding wheel, all the way down to stub size.
When a full size regulating wheel is again
mounted, he has v move the slide outward
again and the procedure starts over. So it can
never he taken for granted that the faces of
the two wheels are parallel.

This is due t» an interesting phenomenon
that takes place as snon as the regulating wheel
is redressed. Even though the settings are left
unchanged. the regulating wheel shape starts
to change. As pointed out earlier, the front of
the wheel is smaller than the exit end (when
grinding is above <center). This difference
becomes greater with each redressing. One
quarter of an inch off the diameter becomes
significant, in that there is an increase of
approximately 001" to 002" in the gap be-
tween the twn wheels at the front. This is
noticeable when the stock removal per pass is
low as this slight increase will permit the work
pieces to pass the front section of the grinding
zone and will increase the amount of grinding
that has to be done in the center of the wheel
face. Dressing becomes more frequent and the
difference increases each time. It bhecomes
especially important after a change in the
regulating wheel diameter of one inch. In the
case of diamond or cubic boron nitride wheels,

the grinding area starts to shift towards the
middle of the wheel face.

Compensation for this increase in the
difference between the front and exit diame-
ters is no problem when the machine has a
taper correction capability on the regulating
wheel slide. But it is important to know that
this is happening and that the correction is
simple. 1f the operator is unaware of the rea-
son for the change or tries to get around
making adjustments by changing something
else he usually trades off a simple problem for
a more complicated one.

Correcting VWithout A Taper
Cerrection Device

On machines without a taper correction
device, a different method of compensation is
necessary. The amount of offset of the dia-
mond on the regulating wheel dresser can be
reduced periodically.

Unfortunately, the actual amount of cor-
rection is not consistent. for every combina-
tion of work size and regulating wheel diame-
ter, and offset of the diamond dresser. (The
combinations of small work diamsters with
smaller diamond offsets result in smaller dif-
ferences between the wheel ends at the begin-
ning and a smaller change as the wheel be-
comes smaller in diameter. The combination of
large work diameters with greater diamond
offsets result in greater differences hetween
the ends at the start and the greater the change
as the wheel becomes smaller.)

Each combination of work size, regulat-
ing wheel diameter and diamond offset has s
own amount of correction, which is constant
for all angles in that unit, as well as for ali
thicknesses of the regulating wheel

The tilt angle creates the original differ-
ences between the ends (the greater the angie,
the greater the difference), but not the con-
stant changing of the differenceslt is the
amount of diamond offset that causes the prob-
lem and it is the place tv muke the correction.

Even with precise anumbers available,
making the actual correction is usually a trial
and error process in that the diamond offset
fixture is not calibrated for accurate adjust-
ments. It is possible, however, to use a depth




USING DEPTH MIKE FOR PRECISE ADJUSTHENTS
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work pieves will aot vontact them. They should
be square with the travel of the work piece to
avoid any lateral pressure on the work piece.

The regulating wheel should he dressed
at 300 rpm (or more, if available), traversing
the diamond at 1 t» 2" per minute, no more than
001" infeed per pass.
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micrometer. square head or setting gage to
control small adjustments, by measuring the
distance from the end of diamond holder o the
clamping block, establishing a “zern” position
for "no offset”, and calculating the new posi-
tinn accordingly It takes a significant move-
ment of the diamond block to correct for the
small changes that do occur.

At the end of this paper are tahles that
show average corrections for a range of work
sizes.

Setting Work Guides and Dressing

Before starting the machine, the work
guides should be checked. Most important is
ihe front guide on the reguiating wheel side.
It should be set flush with the regulating
wheel face so that the work piece can enter the
grinding area smoothly, without hitting the
corner of the wheel. The other guides should
be set slightly behind the wheel faces so that

WORK. GUIDES MUST BE PARALLEL TOREG
WHEEL FACE IN ORDER TO GUIDE WORK
PIECES ACCURATELY

USING A WIDER REGULATING WHEEL AS
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Centerless Grinding Is Logical

From the foregoing, it can be demon-
stratied that cenlerless grinding i1s a very
logical operation, based upon an understand-
ing of the functions of the principal parts of
the machine and their proper relationship.
Both problems and production depend upon
whether or not the refationship is correct.
It is a function of cause and effect, in that
nothing happens in the operation, either
good or bad, without a cause or reason. When
there is a problem, look at the relationship of
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the principal parts. If the original seltings on
the machine have been recorded somewhere,
these can be compared with the current set-
tings and the discrepancies will indicate the
corrections to be made.
Centorless Grinding Is Mathematical

A look at a few pertinent formulas will
show what actually happens in centerless
grinding.

Point number 1). The rate of traverse of
the workpiece through the machine is a func-
tion of the surface speed of the regulating
wheel (in inches) and its angle of inclination:

Formula number 1). TRAVERSE RATE

(SFPM x 12) x sine of angle = Traverse
Sine of 1 degree = 01745.
(100 x 12) x 01745 = 2094", or 21"
per minute at 100 SFPM and 1 degree.

As the angle is increased, so is the sine
increased. With 21" for each degree change we
can construct a table of traverse speeds, at
various angles, for 100 SFPM.

(In this concept, small errors are unim-
portant. The maximum error at 8 degrees and
100 SFPM is approximately one inch. in 168")

DEGREES TRAVERSE
21"
42
63
84
105
126
147
168
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As the SFPM is changed, so is the traverse
rate changed, in multiples of 100 SFPM. That is,
200 SFPM would multiply the above traverse
rates by 2. In the same way, 30 SFPM would
multiply the above traverse rates by 0.50.

Examples:

50 SFPM at 3 degrees = 0.5 x 63, or 315"
150 SFPM at 3 degrees = 1.5 x 63, or 94.5".
200 SFPM at 3 degrees = 2.0 x 63, or 126"

It is important to note that the diemercrof
the workpiece has no influence here because
the work will revolve at the same SFPM as the
regulating wheel. The only important factors
he;e al,re SFPM and ANGLE of the resuvluting
wheel

At any surface speed, the revolutions of
the part per minute will depend upon its di-
ameter, a point that we will use next.

Point number 2). THE WIDTH OF CUT (W/C),
or the distance the workpiece will advance
each time it revolves is simply the traverse
rate in inches per minute divided by the
number of revolutions of the workpiece per
minute,

Formula number 2). WIDTH OF CUT

Traverse / Work RPM = W/C
21°/382 = 055" W/C per revolution of
work.
(332 rpm =1"dia @100 SFPM.)

As the angle is increased, or decreased, o
is the width of cut increased or decreased for
any given diameter workpiece. Therefore we
can construct another table showing widths of
cut for 1" diameter @ 100 SFPM

WIDTH OF CUT

DEGREES

0357
110
165
220
275
.330
385
440

O S A e O N e

As the workpiece diameter is changed, so
is the width of cut changed. in mulitiples of the
1” diameter. That is, a 2" diameter workpiece
would have a width of cut of .110" at | degree
(055 x 2). Also, a 0500" diameter workpiece
would have a width of cut of 0275" (055 x 0.5).

It is important to note that surface speed
of the workpiece has no influence here be-
cause the speed of the regulating wheel at any
given angle controls sots the rate of TRAV-
ERSE and the surface speed (and therefore the
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RPM) of the workpiece. The RPM of the work-
piece (at 100 SFPM) is the key to the W/C.

SFPM RPM VW/C
(1" DIA. @ 1 Degree)
50 191 055"

100 382 055

150 573 033

200 764 055

It is also very important to note that the
width of cut is a fixed function. That is, for any
given wwrk Jameter and regulating wheel
angle setting there is valy one possible widlh
of cut Changing the regulating wheel surface
speed will not change the width of cut. The
only way it can be changed is by changing the
regulating wheel sagl setling itself.

The TRAVERSE and the WIDTH OF CUT can
now be combined in a table as they relate to the
angle.

TRAVERSE ANGLE W /C
(100 sfpm for 1" Dia)

(VARIABLE) (FIXED)
21 1 055"
42 2 110
63 3 165
84 4 .220
105 5 273
126 6 .330
147 7 385
168 8 440

(Work dia. is (SFPM is

no factor here) no factor here)
With the regulating wheel speed kept

constant, 2 change of the angle changes both

the WIDTH OF CUT and the TRAVERSE RATE.

With the angle kept constant, ¥ change
of SFPM changes the TRAVERSE RATE but aet
the WIDTH OF CUT.

While the width of cut remains fixed for
any given diameter and angle regardless of
surface speed, the rate of traverse can be
varied by changing the sfpm to produce any

desired thrufeed rate and volumetric stock
removal rate per minute,

A practice followed in many shops is to
use the same angle, usually 3 degrees, for all
workpiece diameters, large or small. A major
problem encountered is that larger work di-
ameters will result in wider widths of cut and
fewer revolutions per inch of wheel face.

The following table, based on 3 degrees
shows the conditions that resuit from main-
taining one angle for all jobs:

WORK DIA. W/C PERINCH 6"WHEEL
0500°. 0325 12 Rev. 72 Rev
1000  .165 6 36
1500 247 4 24
2000 330 3 18
2500 412 25 15
3000 495 2 12
4000 660 13 9

Obviously, as the work diameter increases,
the wheel has to remove much more stock per
revolution, in fewer revolutions per inch of
wheel face. An otherwise satisfactory wheel
will increase its wear or breakdown, making it
difficult to hold finish, form and size. This is
generally considered to be “softer acting.”

On smaller diameters, especially under
0500, the width of cut is narrow (using 3
degrees), and the amount of work done by the
wheel per revolution of the workpiece is much
less. An otherwise satisfactory wheel will
decrease its rate of wear, the wheel face will
become glazed, creating back pressures, heat
and size variations. This is generally consid-
ered to be “harder acting.”

Much of the inconsistency in grinding
wheel performance can be traced back to the
unrecognized wide variation of conditions un-
der which the wheel has had to do its work.

Using the width of cut, we can calculate
the number of revolutions of the workpiece
per inch of grinding wheel face in order to
select the best regulating wheel angle setting
and optimize the grinding wheel perform-
ance.

By changing the angle when workpiece
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diameters vary greatly, we can maintain both
the width of cut and the revolutions per inch
of wheel face constant and allow the grinding
wheel to do approximately the same amount of
work in every case, regardless of the work-
piece diameter. Certainly on large volume
runs and problem materials, the time taken to
set the machine properly with this principle
. in mind will be justified.

Changing the angle will permit one
~grinding wheel to become more universal in
\its application. Otherwise, a wheel selected for
small diameters is usually too hard for large
diameter work. A wheel selected for large di-
ameters is usually too soft for small diameter
work. As a “general purpose” wheel for the
general run of average size jobs, a wheel
grading between two special wheels should be
tested, or at least. considered.

Experience has proven that an excellent
width of cut for workpieces normally found in
precision production grinding is 220", which

gives approximately 45 revolutions per inch

of wheel face, allowing satisfactory siock
removal and tolerances with an acceptable
rate of wheel wear.

WORK DIA. ANGLE
0.500° 6 to 8 Deg.
1.000 4
1500 2.7
2000 2

2500 1.6
3000 13
4.000 |

The width of cut in all cases would be
220", Revolutions per inch would be 45. Di-
ameters less than 0500" could be run between
6 and 8 degrees, a matter of choice.

Rules of i‘humb:

Use large W/C to distribute the work and
increase breakdown across the wheel fice.
Use narrow W/C to reduce wheel wear.
Use high angles for small diameter parts.
Use low angles for large diameter parts.
Use lower than average angles to obtain
better surface finishes and closer tolerances
when wheel wear is a problem.

Never use a W/C that is greater than the
width of the wnrk piece.

A quick method of calculating the angle,
and thereforethe width of cut, for any diame-
ter is to divide the number 4 by the workpiece
diasmeter

For instance,:
4/1 = 4 degrees,
4/2 = 2 degrees,
4/3 = 1.3 degrees,
4/4 = 1 degree

Working in metric, divide the number
100 by the diameter in millimeters.

These ail reflect the values stated above

In steel mill bar grinding, greater rates
of stock removal are required, the necessary
horsepower is available and a greater rate of
wheel wear is acceptable, therefore greater

“angles are used. It is common to find 5 to 7
'degrees used on *3 centerless machines on

some diameters up to 5. On *2 centerless
machines the maximum possible angles are
used on smaller diameter work. (For best re-
sults in this case, the tilt angle should never
exceed the maximum angle obtainable on the
dresser slide.)

This discussion of the width of cut has
been in reference to thrufeed, or traverse
grinding. In infeed, or plunge grinding, the
regulating wheel should never be tilted more
than 1/4 degree. This is sufficient to hold the
workpiece against the end stop without creat-
ing excessive pressure that could cause slip-
page. vibration, chatterand problems with
holding shoulders. Referring to the width of
cut discussion, the pressure against the stop
per revolution of the workpiece at 1/4 degree
is created by the forward mation of the part
equal to one fourth of the width of cut for one
degree for the diameter being ground. If there
are problems related to end pressure at 1/4
degree, reduce the angle. Higher angles would
creale even greater pressures against the stop. -

Manipulating The Coaterless Grinding
Yheel

Point number 3). It is important to know
exactly how manipulations of feeds and speeds
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will influence the wheel's performance and
productivity. (At this time, it is best not to
approach centerless grinding with cylindri-
cal grinding in mind, hecause the response tn
changes in feeds and speeds is not the same in
both types of grinding.)

Remember that the regulating wheel
controls both the rate of traverse and the
surface speed of the workpiece, with the width
of cut remaining fixed. Therefore, in thrufeed,
or traverse grinding, any increase in rpm of
the regulating wheel (which increases the
traverse rate) does increase the amount of
work the wheel has to do in a unit of time. Both
the rate of stock removal in cubic inches per
minute and the amount of wheel wear are
increased. The wheel could be made to act even
“softer” by creating excessive breakdown. A
decrease in rpm of the regulating wheel does
the reverse, giving the wheel less work to do
in 2 unit of time and making the wheel act
“harder” through reduced breakdown.

However, in infeed, or plunge centerless
grinding, an increase in rpm of the regulat-
ing wheel dees mot increase the stock re-
moval rate in cubic inches per minute unless
the infeed rate per minute is also increased.
With no change in the infeed rate per minute,
the effect is to reduce the depth of cut per
revolution of the workpiece. reducing stock
removal, and reducing wheel wear. The wheel
will act "harder” and can glaze if there is
insufficient breakdown to keep the wheelface
free-cutting. A decrease in rpm at the same
rate of infeed per minute, increases the depth
of cut per revolution of the workpiece with
more stock removal as well as wheel wear. The
whee! will act "softer.”

For greater productivity, the rate of in-
feed per minute could be increased at the same
(or higher) rpm of the regulating wheel, if
the wheel grading will permit an increase in
the depth of cut per revolution of the work-
piece.

Formula number 3). DEPTH OF CUT

RE VINFEED PER MIN./.WORK RPM -INFEED PER

It should be kept in mind that the infeed
rate per minule controis productivity, while

the infeed rate per rewwlutivn controls the
grinding wheel's actiom, either improving
or limiting the wheel's ability to perform.

Formula number 4).
CUBIC INCHES PER MIN.
MD x 3.1416 x 1 x T = CUBIC IN. / MIN.

Vhere:
MD = Mean Diameter, or D:+d / 2
D = Starting Diameter of workpiece
d = Diameter after the pass
1 = Depth of infeed on the radius
T = Traverse in inches per minute

Example:
(766" » 750") /2 x 3.1416 x 007 x 126
= 1.0% cu.in/min.

Slower Surface Speeds Reduce
Production Rates

As the regulating wheel diameter be-
comes smaller through repeated dressing, the
surface speed becomes slower. This of course,
reduces the traverse speed and, therefare,
production. A 10 percent loss of surface speed
means a 10 percent loss in production. From
full diameter to stub size the total change is 17
percent.for the *2 machine and 25 percent for
the #3. Unless this is monitored and compen-
sated for, progressively significant losses will
be experienced on each job run on the ma-
chine. With machines having variable speed
changes, an occasional increase in rpm will
maintain the surface speed and production
However, on those machines with gear levers .
or gear changes.it becomes more involved
Usually, with each step upward the incre-
ments are approximately 33 %, while each step
downward is approximately 25% both of which
are often too abrupt for the immediate
purpose.In this case, the recommendation is to
change the tilt angle for in-between traverse
rates.

Another sitvation in which the regulat-
ing wheel speed has to be adjusted is when two
or more machines are used in tandem. The
traverse rates should be coordinated so that
the flow of parts will be consistent and unin-
terrupted. (Consistent unit pressures in the
grinding area produce consistent quality of
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size and surface finish.) Seldom are the regu-
lating wheel diameters the same so that the
same gearing will produce the necessary co-
prdination. It is again necessary to use the
angle of inclination, or tilt angle, to bring the
traverse rates together.

A few simple formulas, based on ratio and
proportion, will take out the guesswork and
give the operator confidence that the adjust-
ment he is making will be correct.

Example: The regulating wheel diameter
has changed from 12" to 11°, with a loss of 8
percent in surface speed When the original
tilt angle of 3 degrees. is increased to 3 degrees,
16 minutes, the traverse rate is restored as
follows:

FINDING THE NEW ANGLE.
Formula: (DI * A1)/D2 = A2

where,
D1 = Full diameter
Al =Original angle
D2 = Present diameter
A2 = "New angle setting

Examples:
When the diameter is 117
(12 * 3)/11 =327 deg., or 3 deg, 16 min.
(To convert 327 deg. = 27 * 60 = 16 min)

When the diameter is 0%
ar > 3.27)/10= 360 deg.. or 3 deg. 36
min.

When the diameter is 9"
(10 * 360)/9= 4 deg.

» When a full diameter regulating wheel is
then mounted, the tilt angle must be reduced
accordingly in order to restore the original
traverse rate
WHEN A NEW WHEEL IS MOUNTED.
Formula: (D2=A2)/D1 = Al

Example: _
(9 * 4)/12 = 3 deg.

TGO MAINTAIN TRAVERSE RATE WHEN THE
SFPM IS CHANGED EITHER UP OR DOWN

Formula:
Increased: (SFPM1 * A1)/SFPM2 = AZ,
or, (RPM1 * A1)/RPM2 = A2
Decreased: (SFPM2 * A2)/SFPM1 = Al
or, (RPM2 * A2)/RPM1 = Al

Where:
SFPM1 (or RPM1)= Before change.
SFPM2 (or RPM2)= After change

Examples:
(SFPM) (122 * 4)/163 = 3 deg.
(RPM) (39 * 4)/52 = 3 deg

(SFPM) (163 * 3)/122 =4 deg.
(RPM) (52 * 3)/4 =39

Various measurementis can be used such
as from the wheelface to the flange, the cir-
cumferences of the larger and smaller wheel
sizes, or the traverse rates (pieces per minute)
with the tilt angle. Almost any comparison of
common terms will fit into the formuia.ln any
case, combine the item you want to control -
with the itlem you can change. The accuracy of
the results will depend upon the accuracy of
the measurements.

SUMMARY

The following approach will help you get
optimum resuits from your centerless grind-
ing applicalions:

1) Calculate cubic inch per minute stock
removal rates to compare with horsepower
potential. (A starting rule of thumb is one
cubic inch per minute per ten horsepower
with regular coolant, seven horsepower with
0il) This is mainly for steck removal with
fairly open size and finish tolerances. As size
and finish requirements become more de-
manding, the stock removal capabilities are.
of course, reduced.

2) Use an ammeter, or power meter, to
determine the wheel’s ability to remove stock
on the range of material types that will be
ground. It will show when the wheel is break-
ing down by the drop of power. It will show
when the wheelface is glazing by the increase
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of power. A steady draw of power indicates an
apparently balanced operation in which the
grinding wheel is performing to its ability
under the conditions of that particular ma-
chine setup. Keep records for comparison of
stock removal rates on each major type of
material ground, as well as the most effective
machine setups for importaat or repetitive
iobs, This can be valuable when troubleshoot-
ing.

3) Select an infeed rate per pass (or passes)
according to the job requirements (stock re-
moval, finish and size tolerances) and your
judgment of the wheel’s capabilities compared
to other jobs already done. This is where the
ammeter is especially useful. Workpieces after
the last roughing passes should be as consis-
tent in size as possible in order to maintain
stock removal rates and pressures for the wheel
on the finish pass. Oversize pieces increase
wear on the finish wheel and force [requent
redressing, for which the finish wheel, rather
than the roughing wheel, is blamed. Uneven
pressures from variations in size create vari-
ations in the finished product.

4) Select the regulating whee! tilt angle
that is suitable for the work diameter accord-
ing to the width of cut and number of revolu-
tions per inch of wheel face. The angle can be
changed slightly to maintain traverse rates
when speed changes are too abrupt.

5) Select the traverse rate that will pro-
duce satisfactory results, considering the depth
of cut per pass, total stock removal, size and
finish tolerances, along with the power draw.
The infeed per pass.the speed of the regulating
wheel, and/or the tilt angle, can be changed,
up or down, until the power draw is steady.

6) Monitor the actual production at the
exit end of the machine, either in inches or
pieces per minute, so that the output is main-
tained on target as the regulating wheel be-
comes smaller.

7) Pay particular attention to the accu-
racy of the setup, principally to the shape of
the regulating wheel (resuiting from the rela-
tionship of the tilt angle and the dresser slide
angle), and the line of contact with the work-
piece, (which depends upon the diamond
setover aad the height of the workpiece in

relation to the wheel centerline).This is what
should be checked if the part geometry is not
satisfactory.

8) If changes are made in the setup that
are greatly different from the usual proce-
dures, the wheel specification presently on
the machine may become less than satisfac-
tory because it had been engineered to work
under the former conditions. Therefore, an-
other opportunity for further improvement
in productivity may be gained by upgrading
the wheel specification to a mere suitable
choice for the new conditions. On large vol-
ume jobs, or ongoing runs, this is especially
advantageous.

William D. Pollard
479 Moore Ave.
Kenmore, N.Y.14223

March, 1989
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OFFSET-14 X WIDTHS

AlB lc o [t F e i i g | K [ L]

1 [INPUT4--=-- 4 === j-====|-==-~- INPUT) RADIAL | TOTAL (EQUAL ENDS)

| 2 REGULATING WHEEL TRU DIFF. | ADJUST | ADJUST ITANGENT! CAM
3 | WORK ANGLE|{ HT | DIAM. | ANGLE | FRT-BK IN PER CAM SET
4 [ DIA | DIA |WIDTH| 0.° | CL [OFFSET 0. |before adi| OFFSET | INCH | TAPER | MIN
S ----- g e e e o e of o e e s o - e o o e o o ] aw o o | e o o o e - s o oo e e | e
6 {1.000] 14 6 4.00 | .500 | 481 | 351 028 00464 1S
7 11000 9 6 400 | 500 | 315 | 347 042 167 033 1.00464; 1S
8
9 ]1.000] 14 8 4,00 | .500 | 481 | 351 037 00464 IS
1011000, 9 8 400! S00 | .314 | 347 056 167 033 [.00463| 1S
11 ‘
1211.000} 14 12 {400 .500 | 481 | 3.51 .056 00464| 1S
13{1.000! 9 12 1400 S00| 31S| 347 | .085 167 | 033 1.00464] IS
14
1S 1.000{ 14 20 | 400 | S00 | .481 | 3.51 .094 .00464] 1S
16 11.000] 9 20 | 4001 S00| 315 ) 347 | .142 167 | 033 .00464]| 15

This chart shaws four different widths of the regulating
wheel' 6 % 12 and 20" The radial difference front tn back
before adjustment are related to the widths the wider the
wheef the greater the difference, front to back.. as would be
expected However, the total adjustment in the diamond offset to
correct the difference is the same for all widths This is
because the diamond offset is the same in all cases.

These four pages are based on formulas in Cincinnati
Mifacron Company's fine bookiet, “CENTERLESS GRINDING,
Theory, Principles, Applications.”--Copyright 1973.
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OFFSET-1/2"-1",12-2

R ¥, ¢ gl ECAR IF | gVl i-H -]~~~ Fp K
1 [INPUTT--==1 ---- ) INPUT RADIAL { EQUAL ENDS)
2 REGULATING WHEEL | -. T TRU | DIFF. JADJUSTITANGENT| CAM
|3 | WORK s TANGLE | HT | DIAI | ANGLE { FRT-BK | IN_ | CAM ! SET |
T4 | DiA | DIA WIDTH] 0" | CL |OFFSET) 0." before odf[OFFSET, TAPER | MIN
N S NS S S S SN P S DU S
6 {05001 12.00 6 B B0 20 i 244 552 025 0400 14
7 10S00111.75] 6 | 6001 250 | 240 | 52| 026 | .004 |.00400; 14
8 10500111501 6 | 600 | 250 235 [S52 1 .026 | .005|.00400! 14
9 10S00 1125 & | 600 250 | 230 | 552 | 027 | 005 [.00400; 14
10105001 11000 & 16001 2501 22516521 028 | 005 1.00400: 14
13 1050030751 & (600 250 ] 2201 5%5) | 028 | 0051004001 19
121050011050 6 6002501 .215 551 .029 | 005 00400 i<
131050011025 6 | 6001 2501 2101551 | 030 | 005 :.00400| 14
14 10500 10.00, 6 | 600 290 | 205 551 030 | .005 .00400; 14
1510500 975 | 6 | 600! 250 200551 .031 ! .005 .00400, 14
16 105001 950 | 6 | 600! 250 | 1951 5501 032 | 005 !.00400! 14
1710500] 825 & |600].250; 190 55 033 | 005 00400 14
18105001 9001 6 | 600! 2501 .185 5501 033 | .00S 00400, 14
19 i | TOTAL | 059
20 1,000 i200] & | 400 500 479|350 032 | 00537 18
21 11000111.751 6 1400 | S00 | 470 | 350 033 | .009 |.00557 18
22 1 1.000 1150, 6 | 400 ] 500 | 460 | 350 | .034 ( .010 | 00557 16
2311000(11.25' 6 | 400 500 | 451 ] 350 | .034 [ .009 |.00537] 18
54 11000 TI.00. & | 400 | 500 | 441 | 549 | b3s | 010 [.ODS37[ 18
2511000 16751 6 | 400 500 | 432, 549 | .036 | 009 00536 18
126100010500 6 | 4001 500 | 422 ThiGL| | pE7 [TD10L| OpsS37hig
27 100010250 6 | 400 | 5001 412 349 038 ! .0ID | ODS3T L 18
28 1100011000 & | 400 .500 ! 403 | 348 | 038 002 [ 00537 18
20 11000] 9751 6 1400 500 | 395! 3481 039 | 010 00537 18
30 1.000] 9501 6 1400 .500] 363|348 040 | 010 .00S36| 16
31010000 @251 6 400 | S00 | 3741 348 | 041 | 009 00537 16
32 1.0000 9001 6 [ 400! 500 | 3641347 . 042 | 010 |.00537) 18
| 33 -‘ ; i I i ; L TOTAL |15

This table shows that the correction for the radial difference front
to back. whatever it is for the work diameter and offset. can be apportioned
uniformly for each quarter of an inch. or other fraction, throughout the life of
the regulating wheel Therefore regular small adjustments in the diamond
offset would be beneficial, with a minimum of effort and time lost at any one

time nf redressing.
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~ A 8 C D E F | 6 H i J | K 11
1 LINPUT ==+ tmtutell Rehuchud Rt INPUT) RADIAL | TOTAL { EQUAL ENDS)
2 | REGULATING WHEEL TRU DIFF. |ADJUSTIADJUSTITANGENT| CAM
3 | WORK ANGLE | HT | DIAM. |ANGLE | FRT-BK | IN PER CAM SET
4 | DIA. | DIA. (WIDTHI 0.” | CL. |OFFSET] 0. " before odj [OFFSET] INCH | TAPER | MIN
R T R iis niiat s i ataite it Tttt nlataieetet e Dttt Catatataied
6 10125 12 6 6.00 | 063 | .062 | 5.56 | .007 00110 3
7 10125 9 6 600 063! 047 1 SS57 | .009 | 016 | .003 [.001i10] 3
8 10125 12 6 7.00 | 063 | 062 | 657 | .008 001301 4
9 10.125; 9 6 700 | 063 047 1 657 1 010 | .01S | .003 |.00130| 4
10101251 12 6 8.00 | 063 | 062 | 757 | .009 00140 4
11101251 9 ) 8.00 ) 063 047 | 7561 .012 | 015 | .003 {.001S0] S
12
1310250 12 | 6 | 600].125] 124|556 | 013 00215 7
14] 0250 9 6 6.00 | 126 | .094 | 5.5 017 031 | .010 1.0021S| 7
1951 02501 12 6 700 [ 1251 124 1 655 | .0IS 00251 8
16 ] 0.250{ 9 6 7001 1251 093 16541 .020 |.031 1 .0101.00250! 8
171 0250] 12 <) 800 1261 1241 755 | .017 00287 9
181 0.250{ 9 6 8.00 | 1251 .093 | 7.53 023 | 0311 .010 1.00286| 9
19
20 ] 0.375( 12 o 6.00 | 188 | .184 | $.54 .019 003181 10
2110375 9 6 600 | 188 | 139165521 025 | 045 | 015 |.00318] 10
221 0375 12 o 700 186 | 184 { .53 § .022 003721 12
1 231 0.375] 9 6 7.00 1 .188 | .139 | 6.51 030 | .045 | .01S 1.003721 12
241 03751 12 6 8001 1868 | 184 | 752 | .026 0049251 14
251 0.3795 9 6 BO0 | 188 | 139 | 750, 034 | .045 | 01S 1.00425] 14
26
271 05001 12 b 6.00 | 250 | 244 | 652 | .025 004201 14
281 0500 9 6 600, .250 | 184 [ S50 | 033 | .060 | .020 1.00420; 14
291 0.500] 12 6 7.00 | 250 | 245 | 651 030 004901 16
30| 0500 9 6 7.00 | 250 | 185 | 648 1 .039 | .060 | .020 1.00490| 16
3110500 12 6 8.00 | 250 | 245 | 750 | .034 00560 | 18
321 05000 9 6 B.00 | 250 | 185 1 747 | 045 | 060 | .020 | 00S60| 18
33
3410625 12 6 9001 3131 .304 | 452 | 026 004321 14
35| 0625 9 6 S5.00 | 313 .230 1 4501 034 | 074 | .025 | 004321 14
361 0625 12 6 6.00 | .313 | .305 | 551 031 00520, 17
3710625 9 6 600 3131 2311548 1 .04} 074 1 025 1.005211 17
38 ) 0625 12 ) 7.00 | 3131 304 | 649 037 00607 20
3910625 9 6 700 1 3131 230 ] 646 | 048 074 1 .02 1.00607;, 20
40
411 0950 12 o 400 1 379 | 362 | 352 | 025 00410, 14
421 0.750 9 6 400 [ 375 | 27241 350 | .032 | .088 ¢ .029 [.00410( 14
431 0.750] 12 6 5.00 | 375 1 .364 | 451 031 005101 17
14410750, 9 6 S.00 1 .375 | 276 | 448 | .041 088 | .029 1.00520] 17
451 0.750] 12 6 600 1 3751 364 | S49 | 037 006201 21
46 | 0.750{ 9 6 600 | 375 .275 1 545 | 049 | .089 | 029 .00620] 21
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L

A B c D £ F 1 6 H i J_ | K |
1 [INPUT=——=q === |=====|-==-= INPUT) RADIAL | TOTAL {EQUAL ENDS)
2 REGULATIMG WHEFL TRU | DIFF, ADJUST] ADJUST [TANGENT| CAM
3 | WORK ANGLE | HT | DIAM, | ANGLE | FRT-BK | IN PER | CAM | SET
4 | DIA | DIA IWIDTH| 0." | CL. |OFFSET| 0.* [before adiJOFFSET] INCH | TAPER | MIN
5 _____ [ S Ep——— I e o fn o e e = o ] L e o o e ] e e mmm——— fmrmm e e -———-—
6 10675 12 | 6 | 400 438 421 | 351 | .029 0.0047| 16
7 10875 9 6 | 400! 438 | 320! 349! 037 [ .101 ] 034 100048 16
8 10875 12 | 6 [S00| 438 4221449 | 036 00059 20
9 [0.875] 9 & 1500 438 | .319 | 446 | 047 | .103 | .034 [0.0059] 20
10| 0875 12 | 6 | 6.00| 438 | 422 [ S.47 | .043 0.0071] 24
111 0875 9 6 | 6.00 | 438 | 320 | 543 | 056 | .102 | 034 [0.0071| 24
12
13[1.000] 12 | 6 | 300 .500 | 478 [ 252 | 024 004001 13
1411.000] 9 6 | 3.00 ] .500 ] .362 | 250 .032 | .116] .039 [.00400] 13
15[1.000] 12 | 6 | 400 500! 479 | 350 .032 00540 18
16 | 1.000] 9 6 | 4.00 | .500 | .363 | 3.47 | .042 | .116 | .039 [.00540{ 18
1711.000] 12 | 6 | 500 .500 | .480 | 448 | .041 00670 23
18 [ 1.000] 9 6 | 500 .500| 364 | 444 | 053 | .116 | .039 |.00670] 23
19
2012000 12 | 6 | 1,00 [ .500 | .459 | 0.55 | .007 001201 4
2112000 9 6 1 1.001 500 .350 | 054 ] 010 | 109 036 |.00120] 4
22120000 12 | 6 | 200 .500 | 463 | 1.51 | .0IS 00250 &
2312.000] 9 6 | 2.00 | .500 | .356 | 1.48 | 019 | .107 | .036 [.00250] 8
24[2.000] 12 | 6 | 300 .500 | 461 | 246 | .022 | . 00370 12
25120001 9 6 | 3.00 | .500 | .353 | 2.42 | .029 | .108 | .036 |.00370] 12
26
2713000) 12 | 6 | 1L.OO [ 500 | 442 | 0.53 | .007 00110 3
28 | 3.000 9 & 1.00 | .S00 | .344 | 0.51 .009 .098 033 1.00120 3
29 (30000 12 | 6 | 200 500 | 446 | 1.47 | 014 00230] 7
30 13.000] 9 6 1 2.00 | 500 | .344 | 1.43 | 017 | .102 | .034 1.00230, 7
3113.000] 12 | 6 | 3.00 | 500 | 447 | 2.41 | .021 00350 12
32 [3.000] 9 6 | 300 .500 | .346 | 2.35 | .026 | 101 | 034 1.00350] 11
33 ‘
3414000 12 6 1.00 1 5001 425 1 Q.51 006 00107 2
35 | 4.000 9 6 1.00 1 500 ) 330 | 0.49 008 L0495 032 1.00106 3
36 14.000] 12 | & | 200 500 429 [ 143 .013 00216 7
37 14.000] 9 & | 200 500 .334 ] 1.39| 016 | 095 | 032 |.00216] 7
38 14.000] 12 | 6 | 3.00] 500 | .432 | 2.35 | .020 003261 11
39 1 4.000] 9 6 | 3.00 | 500 | 336 | 2.2 024 | 095 | 032 |.00326| 11

This page and the preceeding page show combinations of work piece

sizes, offsets of the diamond dressers, recommendations for suitable .tilt

angles, and truing angle, with the total amount of correction in each case.

Intermediate diameters can be interpolated.




