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PREFACE

As the work of the toolmaker requires an unusual degree of
skill and refinement and is of great importance in connection
with the modern system of interchangeable manufacture, it is
surprising that so little has been published heretofore on tool-
making practice. This volume on ‘“Modern Toolmaking Meth-
ods” is believed to meet a real need as it deals with a great
variety of tool-room problems and explains many important
toolmaking operations. Owing to the varied nature of tool-
making practice, no attempt has been made to cover completely
every phase of work which might properly be classified as tool-
making. This treatise does, however, cover quite completely
those methods and operations which are fundamental and essen-
tial to the production of small tools and precision work. It also
contains many valuable mathematical rules and typical calcu-
lations that will aid in the solution of the practical problems
which are so frequently encountered in the tool-room.

Some of the methods described represent standard practice,
whereas others have been developed by different toolmakers for
special operations, and may not prove to be the best under all
conditions, because, as every mechanic knows, great accuracy
is sometimes necessary regardless of the time required to do
the work; whereas, in other cases, the time element is very
important. Therefore, any one method may not always prove
adequate and it is necessary for the toolmaker to consider the
conditions in each case and be guided by his judgment and
experience.

Readers of mechanical literature are familiar with MACHIN-
ERY’s twenty-five cent Reference Books, of which one hundred
and forty-one different titles have been published during the
past seven years. As many subjects cannot be covered ade-

quately in all their phases in books of this size, and in response
v
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to a demand for more comprehensive and detailed treatments
of the more important mechanical subjects, it has been deemed
advisable to publish a number of larger volumes, of which this
is one. This treatise includes part of MACHINERY’S Reference
Books Nos. 31, 64, 130 and 135. The additional material was
compiled largely from articles previously published in MACHIN-
ERY. These were contributed by men engaged in many differ-
ent branches of tool work so that the book is not a record of
any one toolmaker’s experience, but covers a broad field.

As accuracy is essential to practically all toolmaking opera-
tions, the various standard methods for locating, spacing and
dividing precision work, have been made a special feature of
this book. It also deals with such important subjects as lapping,
production of straight and circular forming tools and formed
cutters, fluting and grinding milling cutters and reamers, bench
lathe practice, precision threading, gaging tools and methods,
and many other subjects of practical value.

F. D. J.
New Yogk, February, 1915.
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MODERN TOOLMAKING METHODS

CHAPTER 1
PRECISION LOCATING AND DIVIDING METHODS

The degree of accuracy that is necessary in the construction
of certain classes of machinery and tools, has made it necessary
for toolmakers and machinists to employ various methods and
appliances for locating holes or finished surfaces to given di-
mensions and within the prescribed limits of accuracy. In
this chapter, various approved methods of locating work, such
as are used more particularly in tool-rooms, are described and
illustrated. '

Button Method of Accurately Locating Work. — Among the
different methods employed by toolmakers for accurately
locating work such as jigs, etc., on the faceplate of a lathe, one
of the most commonly used is known as the ‘“button method.”
This method is so named because cylindrical bushings or but-
tons aré attached to the work in positions corresponding to the
holes to be bored, after which they are used in locating the
work. These buttons which are ordinarily about % or § inch
in diameter, are ground and lapped to the same size, and the
ends are finished perfectly square. The outside diameter
should preferably be such that the radius can easily be de-
termined, and the hole through the center should be about §
inch larger than the retaining screw so that the button can be
adjusted laterally. ,

As a simple example of the practical application of the button
method, suppose three holes are to be bored in a jig-plate ac-
cording to the dimensions given in Fig. 1. A common method
of procedure would be as follows: First lay out the centers of
all holes to be bored, by the usual method. Mark these centers

I




2 LOCATING AND DIVIDING METHODS

with a prick-punch and then drill holes for the machine screws
which are used to clamp the buttons. After the buttons are
clamped lightly in place, set them in correct relation with each
other and with the jig-plate. The proper location of the but-
tons is very important, as their positions largely determine the
accuracy of the work. The best method of locating a number
of buttons depends somewhat upon their relative positions, the
instruments available, and the accuracy required. When but-
tons must be located at given distances from the finished sides
of a jig, a surface plate and vernier height-gage are often used.
The method is to place that side from which the button is to be
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Machinery

Fig. 1. Simple Example of Work Illustrating Application of Button Method

set, upon an accurate surface plate and then set the button by
means of the height-gage, allowance being made, of course, for
the radius of the button. The center-to-center distance be-
tween the different buttons can afterwards be verified by taking
direct measurements with a micrometer (as indicated in Fig. 2)
by measuring the overall distance and deducting the diameter
of one button.

After the buttons have been set and the screws are tightened,
all measurements should be carefully checked. The work is
then mounted on the faceplate of the lathe and one of the but-
tons is set true by the use of a test indicator. When the dial of
the indicator ceases to vibrate, thus showing that the button
runs true, the latter should be removed so that the hole can be
drilled and bored to the required size. In a similar manner
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other buttons are indicated and the holes bored, one at a time.
It is evident that if each button is correctly located and set
perfectly true in the lathe, the various holes will be located the
required distance apart within very close limits.

Another example of work illustrating the application of the
button method is shown in Fig. 3. The disk-shaped part illus-

Fig. 2. Testing Location of Buttons

trated is a flange templet which formed a part of a fixture for
drilling holes in flanged plates, the holes being located on a
circle 6 inches in diameter. It was necessary to space the six
holes equi-distantly so that the holes in the flanges would match
in any position, thus making them interchangeable. First a
plug was turned so that it fitted snugly in the 1}-inch central
hole of the plate and projected above the top surface about
2 inch. A center was located in this plug and from it a circle
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of three inches radius was drawn. This circle was divided into
six equal parts and then small circles § inch in diameter were
drawn to indicate the outside circumference of the bushings to
be placed in the holes. These circles served as a guide when
setting the button and enabled the work to be done much more
quickly. The centers of the holes were next carefully prick-
punched and small holes were drilled and tapped for No. 10
machine screws. After this the six buttons were attached in
approximately the correct positions and the screws tightened
enough to hold the buttons firmly, but allow them to be moved
by tapping lightly. As the-radius of the circle is 3 inches, the

Fig. 3. Flange Templet with Buttons Attached

radius of the central plug, § inch, and that of each button,
inch, the distance from the outside of the central plug to the
outside of any button, when correctly set, must be 31§ inches.
Since there are six buttons around the circle, the center-to-center
distance is equal to the radius, and the distance between the
outside or any two buttons should be 3§ inches. Having de-
termined these dimensions, each button is set equi-distant from
the central plug and the required distance apart, by using a
micrometer. As each button is brought into its correct position,
it should be tightened down a little so that it will be located
firmly when finally set. The work is then strapped to the face-
plate of a lathe and each button is indicated for boring the
different holes by means of an indicator, as previously described.
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When the buttons are removed it will be found that in nearly all
cases the small screw holes will not run exactly true; therefore
it is advisable to form a true starting point for the drill by using
a lathe tool.

When doing precision work of this kind, the degree of accuracy
obtained will depend upon the instruments used, the judgment
and skill of the workman, and the care exercised. A good
general rule to follow when locating bushings or buttons is to
use the method which is the most direct and which requires
the least number of measurements, in order to prevent an ac-
cumulation of errors.

Locating Work by the Disk Method. — Comparatively small
precision work is sometimes located by the disk method, which
is the same in principle as the button method, the chief differ-
ence being that disks are used instead of buttons. These disks
are made to such diameters that when their peripheries are in
contact, each disk center will coincide with the position of the
holé to be bored; the centers are then used for locating the
work. To illustrate this method, suppose that the master-
plate shown at the left in Fig. 4 is to have three holes a, b and
¢ bored into it, to the center distances given.

It is first necessary to determine the diameters of the disks.
If the center distances between all the holes were equal, the
diameters would, of course, equal this dimension. When, how-
ever, the distances between the centers are ynequal, the diam-
eters may be found as follows: Subtract, say, dimension y from
x, thus obtaining the difference between the radii of disks C and
A (see right-hand sketch); add this difference to dimension z,
and the result will be the diameter of disk A. Dividing this
diameter by 2 gives the radius, which, subtracted from center
distance x equals the radius of B; similarly, the radius of B sub-
tracted from dimension y equals the radius of C.

For example, 0.930 — 0.720 = o.210 or the difference between
the radii of disks C and 4. Then the diameter of 4 = o.210 +
0.860 = 1.070 inch, and the radius equals 1.070 + 2 = 0.535
inch. The radius of B = o0.930 — 0.535 = 0.395 inch and
0.395 X 2 = 0.790, or the diameter of B. The center distance
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0.720 — 0.395 = 0.325, which is the radius of C; 0.325 X 2 =
0.650 or the diameter of C.

After determining the diameters, the disks should be turned
nearly to size and finished, preferably in a bench lathe. First
insert a solder chuck in the spindle, face it perfectly true, and
attach the disk by a few drops of solder, being careful to hold
the work firmly against the chuck while soldering. Face the
outer side and cut a sharp V-center in it; then grind the periphery
to the required diameter. Next fasten the finished disks onto
the work in their correct locations with their peripheries in con-
tact, and then set one of the disks exactly central with the lathe

Machinery

Fig. 4. An Example of Precision Work, and Method of Locating
Holes by Use of Disks in Contact

spindle by applying a test indicator to the center in the disk.
After removing the disk and boring the hole, the work is located
for boring the other holes in the same manner.

Small disks may be secured to the work by means of jeweler’s
wax. This is composed of common rosin and plaster of Paris
and is made as follows: Heat the rosin in a vessel until it flows
freely, and then add plaster of Paris and keep stirring the mixture.
Care should be taken not to make the mixture too stiff. When
it appears to have the proper consistency, pour some of it onto
a slate or marble slab and allow it to cool; then insert the point
of a knife under the flattened cake thus formed and try to
pry it off. If it springs off with a slight metallic ring, the pro-
portions are right, but if it is gummy and ductile, there is too
much rosin. On the other hand, if it is too brittle and crumbles,
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this indicates that there is too much plaster of Paris. The wax
should be warmed before using. A mixture of beeswax and
shellac, or beeswax and rosin in about equal proportions, is also
used for holding disks in place. When the latter are fairly large,
it may be advisable to secure them with small screws, provided

‘the screw holes are not objectionable.

Disk-and-button Method of Locating Holes. — The accuracy
of work done by the button method previously described is

Machinery

Fig. 5. Locating Equi-distant Holes on a Circle by Using Disks and
uttons in Comb;

limited only by the skill and painstaking care of the workman,
but setting the buttons requires a great deal of time. By a
little modification, using what is sometimes called the *disk-
and-button method,” a large part of this time can be saved with-
out any sacrifice of accuracy. The disk-and-button method,
which was described by Guy H. Gardner in MACHINERY, Sep-
tember, 1914, is extensively used in many shops. Buttons are
used, but they are located in the centers of disks of whatever
diameters are necessary to give the required locations. As three
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disks are used in each step of the process, it is sometimes called
the ‘“ three-disk method.”

To illustrate the practical application of this method, suppose
six equally-spaced holes are to be located in the circumference
of a circle six inches in diameter. ' To locate these, one needs,
besides the buttons, three disks three inches in diameter, each
having a central hole exactly fitting the buttons. It is best to
have, also, a bushing of the same diameter as the buttons, which
has a center-punch fitted to slide in it. First, the center button

N »
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Fig. 6. Example of Circular Spacing Requiring a Large Central Disk

is screwed to the templet, and one of the disks 4, Fig. s, is
slipped over it; then a second disk B carrying a bushing and
center-punch is placed in contact with disk 4 and a light blow
on the punch marks the place to drill and tap for No. 2 button,
which is kept in its proper place while tightening the screw by
holding the two disks 4 and B in contact. Next, the third disk
C is placed in contact with disks 4 and B and locates No. 3
button, and so on until the seven buttons are secured in position.
The templet is then ready to be strapped to the lathe faceplate
for boring.
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Of course, it is not possible to use disks of “standard” sizes
for many operations, but making a special disk is easy, and its
cost is insignificant as compared with the time saved by its
use. One who employs this method, especially if he also uses
disks to lay out angles, soon accumulates a stock of various
sizes. While it is desirable to have disks of tool steel, hardened
and ground, or, in the larger sizes, of machine steel, casehardened
and ground, a disk for occasional use will be entirely satisfactory
if left soft.

Two other jobs that illustrate this method may be of interest.
The first one, shown in Fig. 6, required the locating of nine
equally-spaced holes on a circumference of 73-inches diameter.
In any such case, the size of the smaller disks is found by multi-
plying the diameter of the circle upon which the centers of the
disks are located by the sine of half the angle between two
adjacent disks. The angle between the centers of adjacent
disks equals 360 + number of disks. 360 + 9 = 40; hence, in
this case,'the diameter of the smaller disks equals 7§ multiplied
by the sine of 20 degrees, or 73 X 0.34202 = 2.5224 inches.
78 — 2.5224 = 3.8526 inches, which is the diameter of the
central disk.

The templet shown in Fig. 7 required two holes on a circum-
ference 63-inches diameter, with their centers 37 degrees 20
minutes apart. To find the diameter of the smaller disks,
multiply the diameter of the large circle by the sine of one-half
the required angle, as in the preceding example; thus 63 X sin
18 degrees 40 minutes = 2.0804 inches, which is the diameter of
the two smaller disks. The diameter of the larger disk equals
63 — 2.0804 = 4.4196 inches.

Very accurate results can be obtained by the disk-and-button
method. Of course, absolute exactness is equally unattainable
with buttons and a micrometer, or any other method; the
micrometer does not show the slight inaccuracy in any one
chordal measurement, while in using the disks the error is ac-
cumulative and the insertion of the last disk in the series shows
the sum of the errors in all the disks. It is only in cases like the
one illustrated in Fig. 5 that we note this, and then, though in
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correcting the error we may change the diameter of the circle -
a very slight amount, an exceedingly accurate division of the
circumference is secured.

Use of Two- and Three-diameter Disks. — Fig. 8 illustrates,
. on an enlarged scale, a piece of work requiring great accuracy,
which was successfully handled by an extension of the three-disk
method. Fourteen holes were required in a space hardly larger
than a silver half-dollar, and, although the drawing gave dimen- °
sions from the center of the circle, the actual center could not
be used in doing the work, as there was to be no hole there;
moreover, a boss slightly off center prevented the use of a central
disk, unless the bottom of the disk were bored out to receive this
boss, which was not thought expedient. Hence, the method
adopted was to make the plate thicker than the dimension
given on the drawing, and then bore it out to leave a rim of
definite diameter, this rim to be removed after it had served its
purpose as a locating limit for the disks.

As the holes 4 and B, which were finished first, were 0.600
inch apart and 0.625 inch from the center, the rim was bored to
1.850 inch and two o.600-inch disks, in contact with the rim and
with each other, located these holes. As hole C was to be equi-
distant from holes A and B, and its distance from the center was
given, the size of the disk for this hole was readily determined.
The disks for holes 4, B and C have two diameters; the upper
diameters are made to whatever size is required for locating the
disks of adjacent holes, and they also form a hub which can be
used when setting the disks with an indicator. Hole D was
0.4219 inch from B, and calculations based on this dimension
and its distance from the center showed that it was 0.4375 inch
from hole C.

A “three-story” disk or button was made for hole D. The
diameter of the large part was 0.46875 inch and it overlapped
disks C and B (the upper sections of which were made 0.375
inch and 0.4062 inch, respectively), thus locating D. Then hole
F and all the remaining holes were located in a similar manner.
The upper diameters of disks E and D were used in locating disks
for other adjacent holes, as well as a hub for the indicator; for



DISK-AN D—BUTTdN METHOD

r Maohinery

Fig. 7. Locating Holes at an Angle by Use of Disks and Buttons

Maohinery

Fig. 8. Locating Holes by Means of Two- and Three-diameter Disks
in Contact

11



12 LOCATING AND DIVIDING METHODS

instance, to locate a hole with reference to holes C and D, the
- diameter of the new disk and the diameter of the upper part of

disk D were varied to give the required location. ' The relation
" between the disks B, D and F is shown by the side view.

It had been decided that no screws should be used in attach-
ing the buttons or disks to the work, as it was feared that the
tapped holes would introduce inaccuracy by deflecting the boring
tools; therefore, the following method was employed. After all
the disks were fastened in place by clamps, a soft solder of
low melting point was flowed about them, filling the work to
the top of the rim. When the solder had cooled, the clamps
were removed, the work transferred to the lathe faceplate, in-
dicated in the usual way, and the holes bored by a “D” or -
‘““hog-nose” drill, guided by an axial hole in each disk, which
had been provided for that purpose when the disks were made.
It was thought that the unequal contraction of the solder and
" the plate in cooling might throw the holes ‘“out of square;”
however, careful measurements failed to show any appreciable
lack of parallelism in test-bars inserted in the holes.

Accurate Angular Measurements with Disks. — For setting
up a piece of work on which a surface is to be planed or milled
at an exact angle to a surface already finished, disks provide an
accurate means of adjustment. One method of using disks for
angular work is illustrated at 4 in Fig. 9. Let us assume that
the lower edge of plate shown is finished and that the upper edge
is to be milled at an angle a of 32 degrees with the lower edge.
If the two disks x and y are to be used for locating the work,
how far apart must they be set in order to locate it at the re-
quired angle? The center-to-center distance can be determined
as follows: Subtract the radius of the larger disk from the radius
of the smaller disk, and divide the difference by the sine of one-
half the required angle.

Example. — If the required angle « is 32 degrees, the radius of
‘the large disk 2 inches, and the radius of the small disk 1 inch,
what is the center-to-center distance?

The sine of one-half the required angle, or 16 degrees, is
0.27564. The difference between the radii of the disks equals
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2 — 1 =1,and 1 + 0.27504 = 3.624 inches. Therefore, for an
angle of 32 degrees, disks of the sizes given should be set so that
the distance between their centers is 3.624 inches. - _

Another method of accurately locating angular work is illus-
trated at B in Fig. 9. In this case, two disks are also used, but
they are placed in contact with each other and changes for
different angles are obtained by varying the diameter of the
larger disk. The smaller disk is a standard 1-inch size, such as
is used for setting a 2-inch micrometer. By this method any
angle up to about 4o degrees can be obtained within a very close |
limit of accuracy. The following rule may be used for determin-

A 8 Machénery
- Fig. 9. Obtaining Accurate Angular Measurements with Disks
ing the diameter of the larger disk, when both disks are in contact
and the diameter of the small disk is known:

Multiply twice the diameter of the small disk by the sine of
one-half the required angle; divide this product by 1 minus the
sine of one-half the required angle; add the quotient to the
diameter of the small disk to obtain the diameter of the large
disk. -

Example. — The required angle « is 15 degrees. Find the di-
ameter of the large disk to be in contact with the standard
1-inch reference disk.

The sine of 7 degrees 30 minutes is 0.13053. Multiplying twice
the diameter of the small disk by the sine of 7 degrees 30 minutes,
we have 2 X 1 X 0.13053 = 0.26106. This product divided by
0.26106

1 minus the sine of 7 degrees inutes = ———— = o. .
inus the s 7 degrees 30 m T = 013053 0.3002.
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This quotient added to the diameter of the small disk equals
I + 0.3002 = 1.3002 inch, which is the diameter of the large disk.

The accompanying table gives the sizes of the larger disks to
the nearest o.coo1 inch for whole degrees ranging from 5 to 40

Disk Diameters for Angular Measurement

Deg. Inch. Deg. Inch. Deg. Inch. Deg. Inch.
5 1.0912 14 1.2775 23 1.4980 32 1.7610
6 1.1104 15 1.3002 24 1.5249 33 1.7934
7 1.1300 16 1.3234 25 1.5524 34 1.8262
8 1.1499 17 1.3468 26 1.5805 35 1.8600
9 1.1702 18 1.3708 27 1.6090 36 1.8944

10 1.1909 19 1.3953 28 1.6382 37 1.9295
11 1.2120 20 1.4203 29 1.6680 38 1.9654
12 1.2334 21 1.4457 30 1.6983 39 2.0021
13 1.2553 22 1.4716 31 1.7204 40 2.0396

degrees inclusive. Incidentally, the usefulness of these disks
can be increased by stamping on each one its diameter and also
the angle which it subtends when placed in contact with the
standard 1-inch disk.

Disk-and-square Method of Determining Angles. — The
method shown in Fig. 10 for determining angles for setting up
work on a milling machine or planer, possesses several advan-
tages. No expensive tools are required, the method can be ap-
plied quickly, and the results obtained are quite accurate enough
for any but the most exacting requirements. As will be seen,
an ordinary combination square is used in connection with a
disk, the head of the square being set at different points on the
blade according to the angle that is desired. Theoretically, a
one-inch disk could be used for all angles from about 6 degrees
up to a right angle, but in practice it is more convenient and
accurate to employ'larger disks for the larger angles.

The only inaccuracy resulting from this method is due to
setting the square at the nearest ‘“scale fraction” instead of at
the exact point determined by calculation. This error is very
small, however, and is negligible in practically all cases. The
dimension x required for any desired angle « can be found by
multiplying the radius of the disk by the cotangent of one-half
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the desired angle, and adding to this product the radius of the
disk. '

Example. — The square blade is to be set to an angle of 15 de-
grees 10 minutes, using a 2-inch disk. At what distance x (see
Fig. 10) should the head of the square be set?

Cot 7 degrees 35 minutes = 7.5113, and 7.5113 X 1 4+ 1 =
8.5113 inches.

By setting the square to 83 inches “full,” the blade would be
set very close to the required angle of 15 degrees 10 minutes,

Locating Work by Means of Size Blocks. — The size-block
method of locating a jig-plate or other part, in different positions
on a lathe faceplate, for boring holes accurately at given center-

Maokinery
Fig. 10. Disk-and-square Method of Accurately Setting Angular Work

to-center distances, is illustrated in Fig. 11. The way the size
blocks are used in this particular instance is as follows: A pair
of accurate parallels are attached to a faceplate at right angles
to each other and they are so located that the center of one of
the holes to be bored will coincide with the lathe spindle. The
hole which is aligned in this way should be that one on the work
which is nearest the outer corner, so that the remaining holes
can be set in a central position by adjusting the work away from
the parallels. After the first hole is bored, the work is located
for boring each additional hole by placing size blocks of the re-
quired width between the edges of the work and the parallels.
For instance, to set the plate for boring hole D, size blocks (or a
combination of blocks or gages) equal in width to dimension 4,
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would be inserted at 4, and other blocks equal in width to di-
mension B, beneath the work as at B. As will be seen, the
dimensions of these blocks equal the horizontal and vertical
distances between holes C and D. With the use of other com-
binations of gage blocks, any additional holes that might be re-
quired are located in the central position. While only two holes
are shown in this case, it will be understood that the plate could
be located accurately for boring almost any number of holes by
this method.

Incidentally, such gages as the Johansson combination gages
are particularly suited for work of this kind, as any dimension
within the minimum and maximum limits of a set can be obtained

PARALLEL
>
3

©
©
©

Machinery
Fig. 11. Method of Setting Work on Faceplate with Size Blocks or Gages

by simply placing the required sizes together. Sometimes, when
such gages are not available, disks which have been ground to
the required diameter are interposed between the parallels and
the work for securing accurate locations. Another method of
securing a positive adjustment of the work is to use parallels
composed of two tapering sections, which can be adjusted to vary
the width and be locked together by means of screws. Each
half has the same taper so that outer edges are parallel for any
position, and the width is measured by using a micrometer.

The size-block method is usually applied to work having accu-
rately machined edges, although a part having edges which are of
a rough or irregular shape can be located by this method, if it is
mounted on an auxiliary plate having accurately finished square
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edges. For instance, if holes were to be bored in the casting for a
jig templet which had simply been planed on the top and bottom,
the casting could be bolted to a finished plate having square
edges and the latter be set in the different positions required by
means of size blocks. Comparatively large jig-plates are some-
times located for boring in this way and the milling machine is
often used instead of a lathe.

The Master-plate Method. — When it is necessary to machine
two or more plates so that they are duplicates as to the location
of holes, circular recesses, etc., what is known as a master-plate
is often used for locating the work on the lathe faceplate. This
master-plate M (see Fig. 12) contains holes which correspond to

Machinery
Fig. 12. Master-plate applied to a Bench Lathe Faceplate

those wanted in the work, and which accurately fit a central plug
P in the lathe spindle, so that by engaging first one hole and then
another with the plug, the work is accurately positioned for the
various operations.

When making the master-plate, great care should be taken to
have the sides parallel and the holes at right angles to the sides,
as well as accurately located with reference to one another. The
various holes may be located with considerable precision by the
use of buttons as previously described. Of course, it is necessary
to have a hole in the master-plate for each different position in
which the work will have to be placed on the faceplate; for ex-
ample, if a circular recess r were required, a hole 7, exactly concen-
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tric with it would be needed in the master-plate. The method of
holding the work and locating it with reference to the holes in the
master-plate will depend largely on its shape. The cylindrical
blank B illustrated is positioned by a recess in the master-plate
in which it fits. The work is commonly held to the master-plate
by means of clamps and tap bolts or by screws which pass
through the work and into the master-plate. Solder is sometimes
used when it is not convenient to hold the work by clamps or
SCrews.

The plug P which locates the master-plate is first turned to fit
the spindle or collet of the lathe, and the outer or projecting end
is rough-turned for the holes in the master-plate, which should all
be finished to exactly the same diameter. The plug is then in-
serted in the spindle and ground and lapped to a close fit for the
holes in the master-plate. The latter, with the work attached
to it, is next clamped to the faceplate by the straps shown, which
engage a groove around the edge of the master-plate. The first
hole is finished by drilling to within, say, o0.005 or 0.006 inch of

“the size, and then boring practically to size, a very small amount
being left for reaming or grinding. The remaining holes can then
be finished in the same way, the work being positively located in
each case by loosening the master-plate and engaging the proper
hole in it with the central plug. It is apparent that by the use of
this same master-plate, a number of pieces B could be made which
would be practically duplicates.

The master-plate method of locating work can be applied in
many different ways. It is used for making duplicate dies, for
accurately locating the various holes in watch movements, and
for many other operations requiring great precision. Master-
plates are quite frequently used by toolmakers when it is neces-
sary to produce a number of drill jigs which are to be used for
drilling holes in different parts having the same relative locations,
thus requiring jigs that are duplicates within very close limits.

Making Master-plate for Duplicating a Model. — When a
master-plate is required, that is to be used in making duplicates
of an existing model, the holes are bored in the master-plate by
reversing the process illustrated in Fig. 12. That is, the central
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plug P is turned to fit the largest hole in the model and the latter
with the attached master-plate blank is clamped to lathe face-
plate. The first hole is then bored to within say o0.002 inch of
the finish diameter, to allow for grinding, provided the master-
plate is to be hardened. The central plug is then turned down
to fit the next largest hole and the second hole is bored in the
master-plate. This method is continued until all the holes are
bored. In order to prevent any change in the position of the
master-plate relative to the model, it may be secured by inserting
dowel-pins through both parts, the work being held to the lathe
faceplate by ordinary screw clamps. If the holes in the model
do not extend clear through, a flat plate having parallel sides may

WORK '

STRAIGHT EDGE
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Fig. 13. Locating Equi-distant Holes in a Straight Line by Means of
Disks and Straightedge

be interposed between the model and master-plate to provide
clearance between the two and prevent cutting into the model
- when boring the master-plate.

Use of Disks for Locating Equally-spaced Holes. — A simple
method of spacing holes that are to be drilled in a straight line is
illustrated in Fig. 13. Two disks are made, each having a di-
ameter equal to the center-to-center distance required between
the holes. These disks must also have holes which are exactly
central with the outside to act as a guide for the drill or reamer.
The first two holes are drilled in the work while the disks are
clamped so that they are in contact with each other and also with
the straightedge as shown. One disk is then placed on the oppo-
site side of the other, as indicated by the dotted line, and a third
hole is drilled; - this process of setting one disk against the oppo-




20 LOCATING AND DIVIDING METHODS

site side of the other is continued until all the holes are drilled.
When it is necessary to drill a parallel row of “staggered’ holes,
the second row can be located by placing disks of the proper size
in contact with the first row of disks.

A method of using disks, which is preferable for very accurate
work, is shown in Fig. 14. The disks are clamped against each
other and along straightedge 4 by the screws shown, and if the
outside diameters are correct and the guide holes concentric with
the outside, very accurate work can be done. With this device
there may be as many disks as there are holes to be drilled, if the
number of holes is comparatively small, but if it is necessary to
drill a long row of holes, the disks and frame are shifted along an
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Fig. 14. Special Disk-jig for Precision Drilling
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auxiliary straightedge B, the hole in one of the end disks being
aligned with the last hole drilled by inserting a close-fitting plug
through the disk and hole.

Adjustable Jig for Accurate Hole Spacing. — An adjustable
jig for accurately spacing small holes is shown in Fig. 15. This
form is especially adapted for locating a number of equally-
spaced holes between two previously drilled or bored holes, and
the accuracy of the method lies in the fact that a slight error in
the original spacing of the guide bushing is multiplied, and, there-
fore, easily detected. There are two of these guide bushings 4
and B which are carried by independent slides. These slides can
be shifted along a dovetail groove after loosening the screws of
clamp-gib C. To illustrate the method of using this jig, suppose
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five equally-spaced holes are to be located between two holes that
are 12 inches apart. As the center-to-center distance between
adjacent holes is 2 inches, slides 4 and B would be set so that the
dimension « equals 2 inches plus the radii of the bushings. A
‘straightedge is then clamped to the work in such position that a
close-fitting plug can be inserted through the end holes which
were previously drilled or bored. Then with a plug inserted
through, say, bushing B and one of the end holes, the first hole
is drilled and reamed through bushing 4; the jig is then shifted
to the left until the plug in B enters the hole just made. The
second hole is then drilled and reamed through bushing 4 and
this drilling and shifting of the jig is continued until the last hole
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Fig. 15. Adjustable Jig for Accurate Hole Spacing

is finished. The distance between the last hole and the original
end hole at the left is next tested by attempting to insert close-
fitting plugs through both bushings. Evidently, if there were
any inaccuracy in the spacing of the bushings, this would be
multiplied as many times as the jig was shifted, the error being
accumulative. To illustrate how the error accumulates, suppose
that the bushings were o.oco1 inch too far apart; then the dis-
tance to the first hole would be 2.001 inch, to the second hole,
4.002 inch, and finally the distance from the first to the sixth hole
would be 10.005 inches; consequently, the distance between the
sixth and seventh holes would equal 12 — 10.005 = 1.995 inch,
or o0.005 inch less than the required spacing, assuming, for the
sake of illustration, that the first and last holes were exactly 12
inches apart. In case of an error of o0.005 inch, the bushings
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would be set closer together an amount equal to one-fifth of this
error, as near as could be determined with a micrometer, and all
of the holes would then be re-reamed.

Methods of Accurately Dividing a Circle. — Sometimes it is
necessary to machine a number of holes in a plate so that all the
holes are on a circle or equi-distant from a central point, and also
the same distance apart, within very small limits. A simple
method of spacing holes equally is illustrated at 4, Fig. 16. A
number of buttons equal to the number of holes required are
ground and lapped to exactly the same diameter, preferably by
mounting them all on an arbor and finishing them at the same
time. The ends should also be made square with the cylindrical
surface of the button. When these buttons are finished, the
diameter is carefully measured and this dimension is subtracted
from the diameter of the circle on which the holes are to be located
in order to obtain the diameter d (see illustration). A narrow
shoulder is then turned on the plate to be bored, the diameter
being made exactly equal to dimension d. By placing the but-
tons in contact with this shoulder, they are accurately located
radially and can then be set equi-distant from each other by the
use of a micrometer. In this particular case, it would be advis-
able to begin by setting the four buttons which are go degrees
apart and then the remaining four. The buttons are next used
for setting the work preparatory to boring.

Correcting Spacing Errors by Split Ring Method. — Another
method of securing equal spacing for holes in indexing wheels,
etc., is illustrated at B, Fig. 16. This method, however, is not
to be recommended if the diameter of the circle on which the
holes are to be located must be very accurate. The disk or ring
in which the holes are required is formed of two sections e and f,
instead of being one solid piece. The centers for the holes are
first laid out as accurately as possible on ringe. Parts e and f are
then clamped together and the holes are drilled through these
two sections. Obviously, when the holes are laid out and drilled
in this way, there will be some error in the spacing, and, conse-
quently, all of the holes would not match, except when plate ¢ is
in the position it occupied when being drilled. Whatever errors
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may exist in the spacing can be eliminated, however, by succes-
sively shifting plate e to different positions and re-reaming the
holes for each position. A taper reamer is used and two pins
should be provided having the same taper as the reamer. Ring
e is first located so that a hole is aligned quite accurately with one
in the lower plate. The ring is then clamped and the hole is
partly reamed, the reamer being inserted far enough to finish the
hole in plate e and also cut clear around in the upper part of plate

<

" Fig. 16. Four Methods of Accurately Dividing a Circle

f- One of the taper pins is then driven into this hole and then a
hole on the opposite side is partly reamed, after which the other
pinisinserted. The remaining holes are now reamed in the same
way, and the reamer should be fed in to the same depth in each
case. If a pair of holes is considerably out of alignment, it may
be necessary to run the reamer in to a greater depth than was re-
quired for the first pair reamed, and in such a case all the holes
should be re-reamed to secure a uniform size.

The next step in this operation is to remove the taper pins and
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clamps, turn index plate e one hole and again clamp it in posi-
tion. The reaming process just described is then repeated; the
holes on opposite sides of the plate are re-reamed somewhat
deeper, the taper pins are inserted, and then all of the remaining
holes are re-reamed to secure perfect alignment for the new posi-
tion of the plate. By repeating this process of shifting plate e
and re-reaming the holes, whatever error that may have existed
originally in the spacing of the holes, will practically be elimi-
nated. It would be very difficult, however, to have these holes
located with any great degree of accuracy, on a circle of given
diameter.

Circular Spacing by Contact of Uniform Disks. — When an
accurate indexing or dividing wheel is required on a machine, the
method of securing accurate divisions of the circle illustrated at
C, Fig. 16, is sometimes employed. There is a series of circular
disks or bushings equal in number to the divisions required, and
these disks are all in contact with each other and with a circular
boss or shoulder on the plate to which they are attached. The
space between adjacent disks is used to accurately locate the
dividing wheel, engagement being made with a suitable latch or
indexing device. When making a dividing wheel of this kind, all
of the disks are ground and lapped to the same diameter and then
the diameter of the central boss or plate is gradually reduced
until all of the disks are in contact with each other and with the
boss. For an example of the practical application of this method
see ‘“Originating a Precision Dividing Wheel.”

Spacing by Correcting the Accumulated Error. — Another
indexing method of spacing holes equi-distantly, is illustrated
by the diagram at D, Fig. 16. An accurately fitting plug is in-
serted in the central hole of the plate in which holes are required.
Two arms % are closely fitted to this plug, but are free to rotate
and are provided with a fine-pitch screw and nut at the outer
ends for adjusting the distance between the arms. Each arm
contains an accurately-made, hardened steel bushing # located
at the same radial distance from the center of the plate. These
bushings are used as a guide for the drill and reamer when ma-
chining the holes in the plate.
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To determine the center-to-center distance between the bush-
ings, divide 360 by twice the number of holes required; find the
sine corresponding to the angle thus obtained, and multiply it by
the diameter of the circle upon which the holes are located. For
example, if there were to be eleven holes on a circle 8 inches in
diameter, the distance between the centers of the bushings would

equal;—i%l—l- = 16.36 degrees. The sine of 16.36 degrees is

0.2815, and 0.2815 X 8 = 2.252 inches. The arms are adjusted
to locate the centers of the bushings this distance apart by
placing closely fitting plugs in the bushings and measuring from
one plug to another with a micrometer or vernier caliper. Of
course, when taking this measurement, allowance is made for the
diameter of the plugs. ,

After the arms are set, a hole is drilled and reamed; an accu-
rately fitting plug is then inserted through the bushing and hole
to secure the arms when drilling and reaming the adjacent hole.
The radial arms are then indexed one hole so that the plug can be
inserted through one of the arms and the last hole reamed. The
third hole is then drilled and reamed, and this operation is re-
peated for all of the holes. Evidently, if the center-to-center
distance between the bushings is not exactly right, the error will
be indicated by the position of the arms relative to the last hole
and the first one reamed; moreover, this error will be multiplied
as many times as there are holes. For instance, if the arms were
too far apart, the difference between the center-to-center dis-
tance of the last pair of holes and the center-to-center distance
of the bushings in the arms would equal, in this particular case,
eight times the error, and the arms should be re-adjusted accord-
ingly. Larger bushings would then be inserted in the arms and
the holes re-reamed, this operation being repeated until the holes
were all equi-distant.

As will be seen, the value of this method lies in the fact that it
shows the accumulated error. Thus, if the arms were o0.0005 inch
too far apart, the difference between the first and last hole would
equal 8 X 0.0005 = 0.004 inch. This same principle of dividing
can be applied in various ways. For instance, the radial arms, if
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slightly modified, could be used for drilling equally-spaced holes
in the periphery or disk of a plate, or, if a suitable marking device
were attached, a device of this kind could be used for accurately
dividing circular parts.

Originating a Precision Dividing Wheel. — There are various
methods employed for making accurate indexing wheels for a
definite number of divisions. One of these methods, suitable
particularly for small numbers of divisions, employs a split wheel
with a series of taper holes reamed through the two divisions.
By shifting the two divisions from point to point (as explained in
connection with sketch B, Fig. 16) and reaming and re-reaming
the taper holes at each shifting, they may finally be brought very
accurately into position. Another method that has been em-
ployed consists in clamping about the rim of the dividing wheel a
number of precisely similar blocks, fitting close to each other and
to the wheel itself. These blocks are then used for locating the
wheel in each of its several positions in actual work. A third and
simpler method (a modification of the one last described) consists
in grinding a series of disks and clamping them around a rim of
such diameter that the disks all touch each other and the rim
simultaneously, as explained in connection with sketch C, Fig. 16.
The wheel described in the following, which is illustrated in Fig.
17, was made in this way.

Disks 4 are clamped against an accurately ground face of the
wheel B and are supposed to just touch each other all around,
and to be each of them in contact with the ground cylindrical
surface at x. They are held in proper position by bolts C and
nuts D. The bolts fit loosely in the holes of the disks or bushings
A so that the latter are free to be located as may be desired with
reference to the bolts.

One or two improvements in the construction of this type of
dividing wheel may be noted before proceeding to a description
of the way in which it is made. For one thing, instead of having
an indexing bolt enter the V-space between two adjoining disks,
a smaller diameter y is ground on each of them, over which lock-
ing finger or pawl passes, holding the wheel firmly from move-
ment in either direction. This construction has the advantage
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of a probable lessening of error by locating on each bushing in-
stead of between two bushings; moreover, it gives a better hold-
ing surface and better holding angles than would be the case if
this smaller diameter were not provided.

A second improvement lies in the method of clamping the bush-
ings A4 in place. Instead of providing each bolt with a separate
washer, a ring F is used. This ring fits closely on a seat turned
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Fig. 17. A Precision Dividing Wheel

to receive it on the dividing wheel B. When one bushing 4 has
been clamped in place, the disk is locked from movement so that
there is no possibility, in clamping the remaining bushings, of
having their location disturbed in the slightest degree by the
turning of the nuts in fastening them in place.

The bushings 4, of which there were in this case 24, were first
all ground exactly to the required diameters on their locating and
locking surfaces. The important things in this operation are,

.
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first, that the large or locating diameter of the bushing should be
exactly to size; and second, that this surface should be in exact
alignment with the diameter in which the locking is done; and,
finally, that the face of the bushing should be squared with the
cylindrical surfaces. A refined exactness for the diameter of the
locking surfaces is not so important, as the form of locking device
provided allows slight variations at this point without impair-
ment of accuracy. This dimension was kept within very close
limits, however. The truth of the two cylindrical surfaces and
the face of the bushing was assured by finishing all these surfaces
in one operation on the grinding machine.

The sizing of the outer diameter of the bushing, which is 1.1 58
inch, had to be so accurate that it was not thought wise to
trust to the ordinary micrometer caliper. An indexing device
was, therefore, made having a calipering lever with a long end, in
the ratio of 10 to 1, which actuated the plunger of a dial test indi-
cator of the well-known type made by the Waltham Watch Tool
Co. The thousandth graduations on the dial of this indicator
would then read in ten-thousandths, permitting readings to be
taken to one-half or one-quarter of this amount. The final
- measurements with this device were all taken after dipping the
* bushings in water of a certain temperature, long enough to give
assurance that this temperature was universal in all the parts
measured. It will be understood, of course, in this connection,
that getting the diameter of these bushings absolutely to 1.158
inch was not so important as getting them all exactly alike,
whether slightly over or slightly under this dimension; hence,
the precaution taken in measurement.

Wheel B was next ground down nearly to size, great care being
taken that it should run exactly concentric with the axis. As
. soon as the diameter of the surface x was brought nearly to the
required dimension as obtained by calculation, the disks were
tried in place. The first one was put in position with its loose
hole central on the bolt and clamped in place under ring F. The
next bushing was then pressed up against it and against the sur-
face x of the wheel and clamped in place. The third one was
similarly clamped in contact with its neighboring bushing and the
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wheel, and so on, until the whole circle was completed. It was
then found that the last disk would not fill the remaining space.
This required the grinding off of some stock from surface «, and a
repetition of the fitting of the bushings 4 until they exactly filled
the space provided for them.

This operation required, of course, considerably more skill than
a simple description of the job would indicate. One of the points
that had to be carefully.looked out for was the cleaning of all the
surfaces in contact. A bit of dust or lint on one of the surfaces
would throw the fitting entirely out. The temperature of the
parts was another important consideration. As an evidence of
the accuracy with which the work was done, it might be men-
tioned that it was found impossible to do this fitting on a bench
on the southern or sunny side of the shop, the variations of tem-
perature between morning and noon, and between bright sunshine
and passing clouds, being such that the disks would not fit uni-
formly. The variation from these minute temperature changes
resulted from the different coefficients of expansion of the iron
wheel and the steel bushings. The obvious thing to do would be
to build a room for this work kept at a constant temperature and.
preferably that of the body, so that the heat of the body would
make no difference in the results. It was found sufficient in this
case, however, to do the work on the northern side of the shop
where the temperature was more nearly constant, not being
affected by variations in sunshine.

Generating a Large Index Plate. — An index plate was re-
quired for cutting some large gear rings, 10, 12 and 14 feet in
diameter, respectively. These gears, which were for driving
vertical boring mills, had to be cut very accurately as they were
to be driven by two pinions located diametrically opposite each

other. Such a drive requires much greater accuracy in the gear .

than when there is only one driving pinion. Suppose a gear has
176 teeth and that every pitch is o.0o1 inch too large over the
first half of ‘the gear, and o.001 inch too small over the last half;
this error would be so small that there would be no appreciable
defect in the drive, so long as there is only one pinion; but space
No. 89 would be 0.088 inch out of place, and, when there are two
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pinions, it would be this space which would be acted upon by the
second pinion, while the first pinion engages space No. 1. Now,
0.088 inch is entirely too much of an error to be neglected; in
fact, such an error would condemn the whole drive, and yet, the
individual error in the spaces would be so small as to make it
almost impossiblé to avoid them. It is this possibility of errors
accumulating which makes it so difficult to originate a correct
dividing plate. The following method of generating a large index
plate was described by A. L. DeLeeuw in the August, 1905, num-
ber of MACHINERY. ,

The gears to be cut were to have 150, 176 and 210 teeth, re-
spectively, of 1} diametral pitch. They were to be cut on the
slotter, as there was no gear cutter large enough to handle such
work. The section of the gear was like that shown at 4, Fig. 18,
the fit being at . A number of bolts were to secure the gear to
the table of the boring mill which it was to drive. The ordinary
way to cut a gear of this type was to turn it up and fit it to a spider
or index plate. The bolt holes in this spider were used as jig
holes to drill the holes in the rim of the gear, thus making all gears
.interchangeable. The spider had notches milled in its outer
circumference. This was done on the gear cutter, with the re-
sult that if the gear cutter had any errors, those errors would be
reproduced in the spider. As a rule, the diameter of the spider
was very much larger than the diameter of the dividing worm-
wheel on the gear cutter, so that the errors of the worm-wheel
were not only copied, but even enlarged. All this was absolutely
inadmissible on this job, so new spiders were made and provided
with as many holes as the gear was to have teeth. These holes
were all drilled at equal distances from the center, and very ac-
curately spaced; and the spacing and drilling were done in such
a manner that the errors could not accumulate. )

Dividing Mechanism for Generating Index Plate. — The plate.
or spider to be divided was first turned true and with a smooth
surface J, Fig. 18, on the side to be used for dividing. The gear
is shown in place by the dotted lines although it was not attached
to the spider while the spacing was being done. The spider was
pivoted on a stud B held in a stand. The outer rim of the spider
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was supported by numerous jack-screws, with brass caps, allow-
ing the spider to slide over the jacks, but preventing it from sag-
ging. The jack-screws were locked in position, as shown. On
stud B two arms C and D were mounted as shown by the plan
view. These arms are about 7 feet 8 inches long from the center
of the stud to the outer end. They are cast iron, and were made
as light as was consistent with the required stiffness. Both arms
were free to turn around the stud B. The bearings on the stud
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Fig. 18. Dividing Mechanism for Generating a Latge Index Plate

were, of course, one above the other, but the main part of the
arms were in the same plane. When in position they formed a
pair of large jaws. A hardened steel hook E and another hook F
were fitted to the end of each arm, and these hooks coming in
contact when the arms were a certain distance apart made this
distance the maximum space between them.
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The arm C is provided at its extreme end with a piece holding
a hardened steel pin G rounded at its end. This piece could be
swiveled so as to allow the pin to point in various directions.
When once adjusted, the swiveling piece was clamped in position.
The other arm D had a similar swiveling piece which was split
and provided with a clamping screw. It was tapped out and
held a micrometer screw H, which could be clamped by means
of the split bearing and clamping screw. The end of the screw
H was rounded over, and the head was made large and divided
so that one division corresponded to o.coo5 inch. No attempt
was made to have this screw or the divisions on the head very
accurate, for, as will be seen later, great accuracy would serve no
purpose. A pointer K was fastened to the swiveling piece. This
pointer was simply a piece of sheet steel with beveled edge, and
long enough to always be over the screw head. The piece G
and the screw H were adjusted so as to be in line when against
each other. In this manner, the movement of the arms relative
to each other was limited in both directions; one way by the
hooks E and F and the other way by the parts G and H.

Operation of Precision Dividing Mechanism. — The method
of operating this spacing or dividing mechanism shown in Fig.
18 was as follows: One arm was pulled back until the hooks
came in contact, when it was clamped to the spider. Then the
other arm was moved up until the screw H struck the pin G;
this arm was then clamped and the other released. The first
arm was then pulled back again, and these operations were re-
peated, thus moving both arms all around the spider. The arm
D was provided with a planed edge, to which a piece I was
securely fastened. This piece is shown in detail at 4, in Fig.
19. It consisted of a slide or jig having a bushed hole to be
used later for drilling the holes. It also carried a brass block /
which was carefully scraped to a bearing on the spider. To the
block was, screwed a glass-hard steel piece m having a beveled
edge, and located about o.cor inch above the spider. This
steel piece formed a scribing edge for marking lines on the spider.
A line was marked on the spider and the screw set so as to
get approximately the correct division. The arms were then
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brought around as described, and, after the required number of
spaces were made, the distance from the scratch edge to the
starting line was noted. This would give some idea as to how
much correction was to be made, and the correction was made
by means of the micrometer screw. The whole method was one
of trial, and practically the same as spacing with a pair of divid-
ers; except that where dividers fail, this method succeeds. Any
one who ever tried to space with dividers knows how impossible
it is to get the same result twice. The point slips off in some
minute hole of the iron, or the angle at which the dividers are
held varies, or some other little thing happens, which makes the

A B Maohinery
Fig. 19. (A) Jig and Scribing Block shown at I, Fig. 18. (IB)
Diagram Illustrating Preliminary Method of Dividing Index Plate

result unreliable. If one succeeds in setting the dividers so as
to come back to the starting point, say, after 176 steps or di-
visions, this same setting will give entirely different results if -
the same man goes around once more.

The clamping of the arms C and D, Fig. 18, is accomplished
by means of electro-magnets fastened to the under side of the
arms. The magnets were wound so that they would stay cool
on a 220-volt circuit, when in series with a r10-volt 16-candle-
power lamp. This lamp acted as pilot lamp, indicating when
the current was turned on, and also indicating when something
was wrong with the winding. It is obvious that holding the
arms in position by means of magnets is far superior to clamping,
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as the latter method would easily throw them out of square.
Even the magnets were liable to cause trouble. If the surface
of the plate is not perfectly level, smooth, true, well supported
at frequent intervals, and on a rigid foundation where it is not
disturbed by vibrations of nearby machines, and if the magnets
are not scraped nicely to a bearing with the plates and also to
the arms, and if they are not protected so that no dirt can creep
between them and the plates, and if one of several other things
is not provided for, there is trouble; and the difficulty is that
this trouble does not become evident until one has gone clear
around the circle, and even then it may not be discovered im-
mediately. One may find an accumulated error of ¢ inch after
going once around; after correcting for this amount, and going
around once more, one may find an error in the other direction.
Trial after trial may not produce any better result, and one may
think that it is simply bad luck'in estimating the correction to be
made; whereas, in reality, it is simply the result of poor working
conditions. Great care and considerable patience are necessary,
but with those elements at hand, the method gives fine results.

To start the spacing, two lines diametrically opposite each
other were marked on the plate. To get these lines correct, the
following method was employed: Two stations were erected ap-
proximately at opposite ends of a diameter of the plate. These
stations were merely castings blocked up to the proper height,
so as to bring their top surfaces level with the top of the plate.
A.piece of sheet brass was fastened to one of the stations, whereas
the other station received an adjustable piece of sheet brass.
Lines were drawn on these pieces of brass so as to be nearly in
line with each other and with the center of the spider. This, of
course, was merely guesswork. These lines were extended onto
the plate, so that the lines appeared as shown by the diagram
B, Fig. 19. The two lines on the brass are marked ¢ and b;
and the two extensions of these lines on the plate @, and 4. -
The plate was now turned until 4, came exactly opposite a.
Now, if the lines a; and .b, are exactly diametrically opposite
each other, then the line g, is bound to come exactly opposite
the line 6. This, of course, was found not to be the case. The
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distance between a, and b was carefully divided into two equal
parts, and a new line ¢, and b (one an extension of the other)
was drawn on the brass and on the plate. Then another half
turn was given to the plate, and the line a; was brought opposite
the line ¢, and the error (if any) noticed. This was repeated
until no further error was discovered. The object of dividing
the plate into two equal parts was simply to facilitate the first
attempts at spacing, as an appreciable error could be discovered
by going only halfway around. The lines a; and b, were not
used, however, for the final spacing.

The approximate distance was measured from the center of
the stud B, Fig. 18, to the center of the micrometer screw H.
From this measurement, the circumference of the circle, de-
scribed by the screw point, was computed. This was divided
by, say, 176, and the quotient was the distance from the point of
the hardened plug to the point of the micrometer screw. A pair
of inside calipers was then used to set the screw to this distance.
Then, 88 such distances were spaced, and the result noted.
Suppose the scratch block was £ inch from the line b, Fig. 19;
then an adjustment was made of gy part of § inch, or about 4%
thousandths of an inch, which corresponds to about 8% divisions
of the micrometer screw head.: It would have been a difficult
matter to estimate the amount of correction to be made, if not
assisted by the micrometer screw. One must not expect to
secure the correct adjustment the first time, but considering the
difficulty of the job it is surprising how few trials are necessary
to get perfect spacing. It never took more than one day (of
ten hours) to get a perfect spacing, after everything was ar-
ranged. When the scratch block comes to the edge of the first
line, after the required number of steps, the spacing is considered
finished. It remains, however, to prove that this result was not
obtained by some hidden defect; therefore, the spacing was
checked by a second trial. If the scratch block came against
the outside edge of the first line again, it was considered safe to
proceed with the next operation of drilling the holes.

Method of Drilling Equally-spaced Holes in Index Plate. —
Before drilling the holes, the spacing arms C and D, Fig. 18,
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were indexed around again, and a line drawn along the scratch
block (attached to jig I) at every step or division, thus marking
a line for every hole to be drilled. This operation was an ad-
ditional check on the accuracy of the spacing. As there were
to be 210 holes in the largest spider, stepping around three
times (once for the last trial, once for checking and once for
marking the lines) required 630 spaces. The lines drawn were,
at the most, 0.002 inch wide. A magnifying glass was used, to
see if the scratch block came up against the line; so that it is
safe to say the total error was less than o.002 inch; hence, the
error in the individual spaces was an exceedingly small amount.

One of the two arms was now removed from the spider, the
arm with the drill jig remaining. A radial drill had previously
been put in place, and the dividing arm was secured against the
radial drill column. The spider was rotated under the arm by
means of block and tackle, so that the consecutive lines coin-
cided with the scratch block. A magnifying glass was used to
locate the spider accurately. The hole was then drilled #5 inch
small. The holes were to be 1-inch ultimately, so that a 4} inch
drill was used. The drill was then replaced by a reamer o.002
inch below size, and the reaming was done by power, the drill
jig bushing being replaced by a new one corresponding in size
with the reamer. After this operation was completed, the jig
bushing was removed and a new one inserted, having a bore ex-
actly 1 inch in diameter. This jig was used for reaming by hand.

One might naturally wonder why the second arm was re-
moved and a different method used for drilling than for spacing.
There were two reasons why this was done. The first one
is that, when drilling by the spacing method, the spindle of the
drill must follow the arms which would occupy different positions
on ‘the spider; hence, the arms and spider would have to be
shifted under the drill spindle for each hole, or, in the case of a
radial drill being used, the drill spindle might be aligned with
the jig. This would mean very careful adjustment repeated
many times. By leaving the drill spindle stationary, and one
arm blocked against the column, the relative adjustment of
drill spindle and the jig is preserved. The second reason is of
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an entirely different nature. Electro-magnets were used for
the purpose of holding the arms in place, as previously men-
tioned. This proved to be an excellent method; in fact, it
would have been absolutely impossible to hold the arms without
springing, and with uniform pressure by other means; but,
when drilling, chips would crowd in between the magnet and
the spider, in spite of all precautions, even though the plate was
cleaned after drilling a hole. These little chips would tilt the
arm forward and crowd the drill. For these reasons, the mag-
nets were not used while drilling, the clamping being done by
an ordinary C-clamp. It is true that the setting of the arm was
not so perfect as when done by means of the spacing method,
but it was good enough for the purpose, for it must not be for-
gotten that it was not the object to get a gear with absolutely
even pltches, but one with reasonably correct pitches, and with-
out an accumulation of errors. This latter requirement was
taken care of by the method of spacing; a good mechanic can
set an edge so close to a fine line that the error is not appreciable
in a gear of 1} diametral pitch.

Application of the Large Index Plate. — It may be of interest -
to know something about how the large index plate, generated
as described in the foregoing, was used when cutting large gears.
The gear cutting was done on a slotter, specially designed and
used for cutting internal and external gears which are too large
in diameter or of too great a pitch to be cut on an ordinary gear
cutter. The table is very long and in the shape of a cross, thus
giving a large surface for the support of the spiders, without
making the table too heavy. For unusually large gears ad-
ditional supports are provided, in the nature of stands placed
around the machine, each on its own foundation. A T-slot runs
the long way of the table and exactly in line with the center-line
of the ram. A stud and bushing held in this T-slot, serve as
pivot for the spiders. The lower end of the ram has a square
hole to take the tools which are placed in a horizontal position.

. The shank of the tool is planed to a gage so that the center-line
of the tool has always the same distance from the planed side
of the shank. Inserting the tool in the square hole, and forcing
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it up by means of set-screws against one side of this hole, brings
the center-line of the tool in line with the center-line of the ma-
chine, and thus with the center-line of the gear to be cut. The
gear blank is fed toward the tool until within one or two hun-
dredths of an inch of the required depth, when the power feed
is thrown out, and the blank is further fed by hand. A stop
prevents the operator from making a mistake as to depth. In
addition, several other precautions are taken. The pitch line
and the bottom line of the teeth are marked on the blank by
means of a scratch gage. In case the teeth are blocked out in
the casting (for the purpose of securing a better casting, at least
around the teeth) the operator first goes once around, outlining
the tooth shape on the blank, to make sure that there is sufficient
stock for every tooth. In order to do this outlining -he brings
the tool down to within g inch from the blank, and marks
around it with a scratch awl. A screw is used to move the
blank when it is unusually heavy, otherwise the spacing is done
by hand. For indexing the gear the holes in the index plate
were engaged by a pin located under the spider and held by a
suitable bracket. The pin was withdrawn by means of a lever.

The gears proved to be accurately spaced, and the two driving
pinions showed a perfect bearing on the gear teeth. Though
the side clearance in the teeth was only o.or inch, such a thing
as a bearing on the back of a tooth never occurred.

Locating Work for Boring on Milling Machine. — It is often
desirable to perform boring operations on the milling machine,
particularly in connection with jig work. Large jigs, which
because of their size or shape could not be conveniently handled
in the lathe, and also a variety of smaller work, can often be
bored to advantage on the milling machine. When such a
machine is in good condition, the necessary adjustments of the
work in both vertical and horizontal planes can be made with
considerable accuracy by the direct use of the graduated feed-
screw dials. It is good practice, however, when making ad-
justments in this way, to check the accuracy of the setting by
measuring the center distances between the holes directly. For
the purpose of obtaining fine adjustments when boring on the

4
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milling machine, the Brown & Sharpe Mfg. Co. makes special
scales and verniers that are attached to milling machines, so
that the table may be set by direct measurement. By attaching
a scale and vernier to the table and saddle, respectively, and a
second scale to the column with a vernier on the knee, both
longitudinal and vertical measurements can be made quickly
and accurately, and the chance of error resulting from inaccuracy
of the screw, or from lost motion between the screw and nut, is
eliminated.

Checking Location of Holes by Micrometer-and-plug Method.
— One method of checking the accuracy of the location of holes
bored in the milling machine, is to insert closely fitting ground
plugs into the bored holes and then determine the center-to-
center distance by taking a direct measurement across the plugs
with a micrometer or vernier caliper. For example, if holes
were to be bored in a jig-plate, as shown in Fig. 1, assuming that
hole A were finished first, the platen would then be moved two
inches, as shown by the feed dial; hole B would then be bored
slightly under size. Plugs should then be accurately fitted to
these holes, having projecting ends, preferably of the same size.
By measuring from one of these plugs to the other with a vernier
or micrometer caliper, the center distance between them can be
accurately determined, allowance being made, of course, for
the radii of each plug. If this distance is incorrect, the work -
can be adjusted before finishing B to size, by using the feed-
screw dial. After hole B is finished, the knee could be dropped
1.5 inch, as shown by the vertical feed dial, and hole C bored
slightly under size; then by the use of plugs, as before, the loca-
tion of this hole could be tested by measuring center distances
between C—B and C—A.

An example of work requiring the micrometer-and-plug test
is shown set up in the milling machine in Fig. z0. The large
circular plate shown has a central hole and it was necessary to
bore the outer holes in correct relation with the center hole
within a limit of o.0005 inch. The center hole was first bored
and reamed to size; then an accurately fitting plug was inserted
and the distances to all the other holes were checked by measur-
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ing from this plug. This method of testing with the plugs is in-
tended to prevent errors which might occur because of wear in
the feed-screws or nuts, that would cause the graduated dials to
give an incorrect reading. On some jig work, sufficient accuracy
could be obtained by using the feed-screw dials alone, that is,
without testing with the plugs, in which case the accuracy would
naturally depend largely on the condition of the machine. ~
Combination Boring Tool and Test Plug. — A method that is a
modification of the one in which plugs are used to test the center

Fig. 20. Example of Precision Boring on Milling Machine

distance is as follows: All the holes are first drilled with suit-
able allowance for boring, the location being obtained directly
by the feed-screw dials. A special boring-tool, the end of which
is ground true with the shank, is then inserted in the spindle and.
the first hole, as at 4 in Fig. 1, is finished, after which the platen
is adjusted for hole B by using the dial as before. A close-
fitting plug is then inserted in hole A and the accuracy of the
setting is obtained by measuring the distance between this plug
and the end of the boring-tool, which is a combination tool and
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test plug. In a similar manner, the tool is moved from one
position to another, and, as all the holes have been previously
drilled, all are bored without removing the tool from the spindle.

Locating Work from Turned Plug in Spindle Chuck. — Another
modification of the micrometer-and-plug method is illustrated
in Fig. 21. It is assumed that the plate to be bored is finished
on the edges, and that it is fastened to an angle-plate, which is
secured to the table of the milling machine and set square with

AN
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Fig. 21. Obtaining Vertical Adjustment by Means of Depth Gage
and Turned Plug in Chuck

the spindle. A piece of cold-rolled steel or brass is first fastened
in the chuck (which is mounted on the spindle) and turned off
to any diameter. This diameter should preferably be an even
number of thousandths, to make the calculations which are to
follow easier. The turning can‘be done either by holding the
tool in the milling machine vise, or by securing it to the table
with clamps. In either case, the tool should be located near
the end of the table, so as to be out of the way when not in use.

After the piece in the chuck is trued, the table and knee are
adjusted until the center of the spindle is in alignment with the
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center of the first hole to be machined. This setting of the jig-
plate is effected by measuring with a micrometer depth gage
from the top and sides of the work, to the turned plug, as shown
in the illustration. When taking these measurements, the radius
of the plug in the chuck is, of course, deducted. When the plate
is set the plug is removed from the chuck and the first hole
drilled and bored or reamed to its proper size. We shall assume
that the holes are to be located as shown by the detail view,
and that hole 4 is the first one bored. The plug is then again
inserted in the chuck and trued with the tool, after which it is
set opposite the place where the second hole B is to be bored;
this is done by inserting an accurately fitting plug in hole 4 and
measuring from this plug to the turned piece in the chuck,
with an outside micrometer. Allowance is, of course, again
made for the radii of the two plugs. The horizontal measure-
ment can be taken from the side of the work with a depth gage
as before. The plug is then removed and the hole drilled and
bored to the proper size. The plug is again inserted in the chuck
and turned true; the table is then moved vertically to a position
midway between A and B, and then horizontally to the proper
position for hole C, as indicated by the depth gage from the
side of the work. The location can be verified by measuring
the center distances x with the micrometer. In a similar man-
ner holes D, E, F and G are accurately located.

If the proper allowances are made for the variation in the size
of the plug, which, of course, is made smaller each time it is
trued, and if no mistakes are made in the calculations, this method
is very accurate. Care should be taken to have the gibs on all
sides fairly tight at the beginning, and these should not be tight-
ened after each consecutive alignment, as this generally throws
the work out a few thousandths. If the reductions in the size of
the plug, each time it is turned, are confusing, new plugs can be
used each time a test is made, or the end of the original plug can
be cut off so that it can be turned to the same diameter for every
test. If the center distances x are not given, it is, of course, far
more convenient to make all the geometric calculations before
starting to work.
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The Button-and-plug Method. — The use of the button method
as applied to the milling machine, is illustrated in Fig. 22, where
a plain jig-plate is shown set up for boring. The jig, with but-
tons B accurately located in positions corresponding to the holes
to be bored, is clamped to the angle-plate 4 that is set at right
angles to the spindle. Inserted in the spindle there is a plug P,
the end of which is ground to the exact size of the indicating but-
tons. A sliding sleeve S is accurately fitted to this plug and when
the work is to be set for boring a hole, the table and knee of the
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Fig. 22. Accurate Method of Aligning Spindle with Button on Jig Plate

machine are adjusted until the sleeve S will pass over the button
representing the location of the hole, which brings the button and
spindle into alignment. When setting the button in alignment,
all lost motion or backlash should be taken up in the feed-
screws. For instance, if the button on the jig should be a little
higher than the plug in the spindle, do not lower the knee until
the bushing slips over the button, but lower the knee more than
is required and then raise it until the bushing will pass over the
button. This same rule should be followed for longitudinal
adjustments.
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After the button is set by this method, it is removed and the
plug in the spindle is replaced by a drill and then by a boring tool
or reamer for finishing the hole to size. In a similar manner the
work is set for the remaining holes. The plug P for the spindle

“must be accurately made so that the outer end is concentric with
the shank, and the latter should always be inserted in the spindle
in the same relative position. With-a reasonable degree of care,
work can be set with considerable precision by this method,
providing, of course, the buttons are properly set.

Some toolmakers use, instead of the plug and sleeve referred to,
a test indicator for setting the buttons concentric with the ma-
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chine spindle. This indicator is attached to and revolves with
the spindle, while the point is brought into contact with the but-
ton to be set. The difficulty of seeing the pointer as it turnsis a
disadvantage, but with care accurate results can be obtained.
Size Block and Gage Method. — Another method which can
at times be employed for accurately locating a jig-plate in dif-
ferent positions on an angle-plate, is shown in Fig. 23. The
angle-plate is, of course, set at right angles to the spindle and
depth gages and size blocks are used for measuring directly the
amount of adjustment. Both the angle-plate and work should
have finished surfaces on two sides at right angles to each other,
from which measurements can be taken. After the first hole has
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been bored, the plate is adjusted the required distance both hori-
zontally and vertically, by using micrometer depth gages, which
should preferably be clamped to the angle-plate. If the capacity
of the gages is exceeded, measurements may be taken by using
standard size blocks in conjunction with the depth gages.

It is frequently necessary to bore holes in cast jig-plates or
machine parts, which either have irregularly shaped or unfinished
edges. A good method of locating such work is illustrated in
Fig. 24. The part to be bored is attached to an auxiliary plate
A which should have parallel sides and at least two edges which
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Fig. 24. Method of Holding and Locating Casting of Irregular Shape,
for Boring Holes
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are straight and at right angles to each other. This auxiliary
plate with the work is clamped against an accurate angle-plate
B, which should be set square with the axis of the machine spindle.
A parallel strip is bolted to the angle-plate and the inner edge is
set square with the machine table. After the first hole is bored,
the work is located for boring the other holes, by taking vertical
measurements & from the table to the edge of the auxiliary plate,
and horizontal measurements y between the parallel and the plate.
These measurements, if quite large, might be taken with microm-
eter gages, whereas, for comparatively small adjustments, size
blocks might be more convenient.
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Vernier Height Gage and Plug Method. — When a vernier
height gage is available, it can often be used to advantage for
setting work preparatory to boring in a milling machine. One
advantage of this method is that it requires little in the way of
special equipment. The work is mounted on an angle-plate or
directly on the platen, depending on its form, and at one end an
angle-plate is set up with its face parallel to the spindle. An ac-
curately finished plug is inserted in the spindle and this plug is set
vertically from the platen and horizontally from the end angle-
plate, by measuring with the vernier height gage. After the plug
is set for each hole, it is, of course, removed and the hole drilled
and bored or reamed.

The way the plug and height gage is used is clearly illustrated
in Figs. 25 and 26. The work, in this particular case, is a small
jig. This is clamped directly to the machine table and at one
end an angle-plate is also bolted to the table. This angle-plate
is first set parallel with the traverse of the saddle or in line with
the machine spindle. To secure this alignment, an arbor is in-
serted in the spindle and a test indicator is clamped to it by grip-
ping the indicator between bushings placed on the arbor. Thetable
is then moved longitudinally until the contact point of the indi-
cator is against the surface plate; then by traversing the saddle
crosswise, any lack of parallelism between the surface of the angle-
plate and the line of saddle traverse will be shown by the indicator.

When the work is to be adjusted horizontally, the vernier height
gage is used as shown in Fig. 26, the base of the gage resting on the
angle-plate and the measurement being taken to an accurately
ground and lapped plug in the spindle. For vertical adjust-
ments, the measurements are taken between this ground plug and
the machine platen as in Fig. 25.

Locating Holes to be Bored from Center-punch Marks. — The
problem of accurately locating holes to be bored on the milling
machine has received much attention, and the method generally
used when accuracy has been required is the button method,
which was previously described. So much time is required for
doing the work by this method, however, that numerous efforts
have been made to obtain equally good results in other ways.
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Fig. 25. Making a Vertical Adjustment by Measuring to Ground
Plug in Spindle

Fig. 26. Making a Horizontal Adjustment by Measuring from Angle
Plate to Ground Plug
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The increasing demand for rapidity combined with accuracy
and a minimum liability of error, led to the development of the
system described in the following: A center-punch mark takes
the place of the button, by which to indicate the proper position
of the work for boring. The fundamental principle involved
is to lay out, accurately, two lines at right angles to each other,
and correctly center-punch the point where they intersect. With
proper care, lines may be drawn with a vernier height gage at
_ right angles, with extreme accuracy, the chief difficulty being to
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Fig. 27. Diagram musuaﬁniolu d but Accurate Method of
Locating Holes to be bored on Milling Machine

accurately center the lines where they cross. For semi-accurate

work this may be done with a common center-punch, but where

extreme accuracy is required this method is not applicable, as the

average man is incapable of marking the point of intersection

accurately.

The diagram, Fig. 27, illustrates, in a simple way, the pro-
cedure adopted in laying out work by this system. The base E
is in contact with a surface plate while the line BB is drawn with
a height gage; then with side F on the plate the line 44 is drawn.
It will be seen that these lines will'be at right angles to each other,
if the bases E and F are square. Work done by this method must
have two working surfaces or base lines, and these must be at
right angles to each other. There is no difficulty in drawing the
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locating lines A4 and BB correctly, either with a vernier height
gage or with a special micrometer gage reading to o.ooor inch, the
only difficult element being to accurately center-punch the lines
where they intersect as at D. It is assumed that two holes are
to be bored, so that the intersection at C would also be center-
punched.

The scriber point of the height gage should be ground so that it
will make a V-shaped line, as shown by the enlarged sketch G,
rather than one which would resemble a saw-tooth, as at H, if a

Fig. 28. Center Locating Punch  Fig. 29. Center Enlarging Punch

cross-section of it were examined with a microscope. This is
important because when the lines are V-shaped, an accurate point
of intersection is obtained.

As it is quite or almost impossible to accurately center-punch
the intersection of even two correctly drawn lines, by ordinary
- means, the punch shown in Figs. 28 and 30 was designed and an
extended experience with it on a very high grade of work has
demonstrated its value for the purpose. It consists essentially
of a small center-punch O (Fig. 30) held in vertical position by a
holder P which is knurled to facilitate handling. Great care
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should be exercised in making this tool to have the body of the
punch straight, and to have it stand at right angles to the surface
to be operated upon, for the slightest inclination will cause the
finished hole to be incorrect, no matter how carefully the lines
are drawn. The 6o-degree point must be ground true with the
axis. The holder for the punch stands on three legs, located as
indicated, and ground accurately to a taper fit in the holder,
where they are secured by watch screws bearing on their tops.
The lower ends are hardened and terminate in an angular point
of 55 degrees (the point of the vernier scriber being 6o degrees).
The edges are sharp, and slightly rounded at the ends, so that the
legs will slide along a line smoothly. The points V and U (Fig.
30) have edges that are in line with each other, while the point T
has an edge at right angles to the other two. The center of the
punch is located at equal distances from all the legs, and is held
off the work normally by a leather friction acted upon by a set-
screw in the side of holder P. "

If this tool is placed upon lines of the form shown at G, Fig. 27,
the legs ¥V and U may be slid along horizontal line B-B, until the
sharp edge of leg T drops into line A-4. When this occurs the
punch O is lightly tapped with a hammer, and the resulting mark
will be accurately located in the center of the intersection of the
lines. It is good practice to make the work very smooth before
drawing the lines, and after laying them out, to stone them so as
to remove the slight burr raised in drawing them. A drop of oil
is then rubbed into the lines, and the surplus wiped off. This
procedure permits points V and U to run very smoothly along the
line, and the burr having been removed, the edge of leg T" drops
into the line very readily with a slight click. As it is not advis-
able to strike punch O more than a very light blow, it marks the
work but slightly, and a more distinct indentation is made with
the follower punch shown in Figs. 29 and 31. This punch is
made like the previous one, so that it will stand at right angles to
the work. The sectional view (Fig. 31) shows the punch 4 sup-
ported by the holder E which has four legs cut away on the sides
so that the point of the punch may be seen. When this punch is
in position, it is struck a sufficiently heavy blow to make a dis-
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tinctly visible mark. The work is now ready to be placed upon
the work table of the milling machine, and indicated for boring
the holes, an indicator being used in the milling machine spindle.

An indicator which has been found especially valuable for this
purpose is shown in Fig. 32. It is of the concentric centering
type, and with it the work is brought concentric with the axis of
the spindle. The arbor I is provided with a threaded nose on

Machiwery
Fig. 30. Section of Center Locating Fig. 31. Section of Center
Punch Enlarging Punch

which disk D is screwed. This disk has four holes in its rim,
equally spaced from each other. Hardened, ground, and lapped
bushings b are put into these holes to receive plug 4 which is
made a gage-fit both in these holes and in hole B in the outer end
of sector C. This sector is held by a split sleeve to the barrel L
which carries the 6o-degree centering-rod K that comes into con-
tact with the work to be bored. The spherical base of barrel L
fits into a corresponding concave seat in the nose of the arbor at
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H, and is held in place by a spring E which connects at one end
to the cylindrical stud in the base of the barrel, and at the other
to the axial rod M by which it and the other connecting parts may
be drawn into place, and held by the headless set-screw J, bearing
on a flat spot on the tang end of the rod.

Now, if plug 4 is removed from bushing b the point of the cen-
tering-rod K may be made to describe a circle. At some point
within this circle is located the center-punch mark on the work
to be bored. The holes in the rim of the faceplate all being
exactly the same distance from an axial line through both the

]
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Fig. 32. Sectional View of Indxcator for Aligning Center-punch Marks
* - Preparatory to Boring

arbor I and centering-rod K, it follows that the center mark on
the work must be so located by horizontal and vertical move-
ments of the work table that pin 4 may be freely entered in all
the four holes in the rim of disk D. When that occurs, the cen-
ter coincides with the axis of the spindle.

. The point of the center-punch 4 (Fig. 31) should have an angle
slightly greater than the angle on the centering-rod K, as it is im-
possible to locate the work in the preliminary trials so that the
center of the work will be coincident with the axis of the spindle,
- and unless the precaution mentioned is taken, the true center on
the work is liable to be drawn from its proper location when try-



PRECISION BORING ON MILLING MACHINE 53

ing to bring the work into such a position that the plug will enter
all the holes in the disk. As the work being operated on is
brought nearer to the proper location by the movements of the
milling machine table, spring G will be compressed, the center -
rod sliding back into barrel L. This spring is made so that it will
hold the center against the work firmly, but without interfering
with the free rotation of the sector C around disk D. When the
work is located so that the plug enters the holes, the gibs of the
machine should be tightened up and the plug tried once more, to
make sure that the knee of the machine has not moved sufficiently
to cause the work on the table to be out of line. The work table
is now clamped to prevent accidental horizontal shifting and the
work is drilled and bored.

In using this indicator the milling machine spindle is not ro-
tated together with arbor I, only the sector being turned around
the disk. The tool is set, however, in the beginning, so that the
axes of two of the bushings b are at right angles to the horizontal
plane of the machine table, while the axes of the other holes in the
disk are parallel with the top of the work table. The centering-
rods are made interchangeable and of various lengths, to reach
more or less accessible centers.

The principal part of the milling machine on which dependence
must be placed for accuracy, when employing the method de-
scribed in the foregoing, is the hole in the spindle, and this is less
liable to get out of truth, from wear such as would impair the
accuracy, than are the knee, table, or micrometer screws. The
only moving part is the sector, and this, being light, is very
sensitive. A series of 24 holes was laid out and bored in one and
" one-half day by the method described in the foregoing. Meas-
urements across accurately lapped plugs in the holes showed
the greatest deviation from truth to be 0.0002 inch, and running
from that to accuracy so great that no error was measurable.
This same work with buttons would have required considerably
more time.



CHAPTER II
LAPS AND LAPPING

Lapping is a refined abrading process generally employed for
correcting errors in hardened steel parts and securing a smooth
surface, or for reducing the size a very small amount. Lapping
bears about the same relation to the finishing of ground parts
that scraping does to the finishing of planed surfaces. The lap
is made of some soft metal such as cast iron or brass and it is
““charged” with an abrasive which is imbedded into its surface.
The grade or coarseness of the abrasive depends upon the finish
required and the amount that must be removed by lapping. The
form of the lap naturally depends upon the shape, size, and loca-
tion of the surfaces upon which it is used.

While the main essential points of the art of lapping can be de-
scribed in a book, it is necessary that the workman shall do con-
siderable lapping before he can become proficient. There are
certain motions, touches, sounds, refinements, etc., which the
skilled workman acquires by practice, that are impossible to
enumerate and describe in a way that would be intelligible
to an inexperienced man. For instance, ask a carpenter how he
knows that he is sawing a board straight, and he will be unable
to tell you. Nevertheless, he has acquired a peculiar sense of
touch, or such general acuteness of the senses, that he knows
when the saw starts to “run out.” His mind and arm automati-
cally return the saw to a straight line without missing a stroke.
It is the same way with a diemaker. He can file a die, looking
only at the surface line, and can detect the instant when his file
“rocks” from a straight line. He will tell you that he “feels”
it, but is unable to define what the sensation is. Likewise, one
cannot explain some of the finer points in the art of lapping, and
can only point out those which are fundamental, because profi-
ciency and skill must be acquired by practice and experience.

54
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Materials for Laps. — Laps are usually made of soft cast iron,
copper, brass or lead. In general, the best material for laps to be
used on very accurate work is soft, close-grained cast iron. If
the grinding, prior to lapping, is of inferior quality, or an excessive
allowance has been left for lapping, copper laps may be preferable.
They can be charged more easily and cut more rapidly than cast
iron, but do not produce as good a finish. Whatever material is
used, the lap should be softer than the work, as, otherwise, the
latter will become charged with the abrasive and cut the lap, the
order of the operation being reversed. A common and inexpen-
sive form of lap for holes is made of lead which is cast around a
tapering steel arbor. The arbor usually has a groove or keyway
extending lengthwise, into which the lead flows, thus forming a
key that prevents the lap from turning. When the lap has worn
slightly smaller than the hole and ceases to cut, the lead is ex-
panded or stretched a little by the driving in of the arbor. When
this expanding operation has been repeated two or three times,
the lap usually must be trued or replaced with a new one, owing
to distortion.

The tendency of lead laps to lose their form is an objectionable
feature. They are, however, easily molded, inexpensive, and
quickly charged with the cutting abrasive. A more elaborate
form for holes is composed of a steel arbor and a split cast-iron or
copper shell which is sometimes prevented from turning by a
small dowel pin. The lap is split so that it can be expanded to
accurately fit the hole being operated upon. For hardened work,
' some toolmakers prefer copper to either cast iron or lead. For
holes varying from % to % inch in diameter, copper or brass is
sometimes used; cast iron is used for holes larger than } inch in
diameter. The arbors for these laps should have a taper of about
1 or § inch per foot. The length of the lap should be somewhat
greater than the length of the hole.

External laps are commonly made in the form of a ring, there
being an outer ring or holder and an inner shell which forms the
lap proper. This inner shell is made of cast iron, copper, brass or
lead. Ordinarily the lap is split and screws are provided in the
holder for adjustment. The length of an external lap should
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at least equal the diameter of the work, and might well be
longer.

Laps for Internal and External Work. — The laps which are
shown in Fig. 1 are, according to an experienced toolmaker, ex-
cellent designs for both the outside and inside lapping of cylindri-
cal parts. At A is shown an inside lap with the arbor in place.
The included angle of the taper of this arbor should be about 2
degrees; this is considered great enough for any kind of work.
The lap proper, or the part that is in contact with the work, is
made of bolt copper, and is shown in detail at F. Cast iron and
lead are sometimes used, but copper will be found satisfactory

Fig. 1. Laps for Internal and External Work

for hardened work. The lap is split as shown, to allow it to ex-
pand as it becomes worn. The length of the lap should be some-
what greater than the length of the hole to be operated on, and
the thickness B should not be more than } or less than § of the
diameter of the work.

When making these laps, especially small ones, a hardened
swedging plug (shown at G), ground to the same taper as the
arbor, can be used to advantage for tapering the hole through the
lap before it is turned and slotted. If in the operation of lapping,
the hole becomes ““bell mouthed,” that is, enlarged at the ends,
this is caused by the introduction of sharp emery from time to
time as the hole is being lapped. To obviate this, the lap should
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be cleaned of all loose emery and expanded by driving the arbor
farther into it. The hole is then dry lapped by using only the
emery that sticks or is charged in the lap. This process must be
repeated occasionally until the proper size is obtained. If the
operator is careful to see that the emery used is not too coarse,
and the lap is kept expanded to fit the work at all times, the result
will be a straight hole.

At H is shown an outside lap. The proportions of the lap
proper should be the same as were given for inside laps. The
same method of procedure described for inside work should also
be followed, viz., the lap must be freed from oil and loose emery
from time to time as the work progresses. The pointed screw C
keeps the lap from slipping out of place, and the adjusting screws
D compress it to fit the work. A handle E should be used on all
laps of large size, as it will be found much more convenient than
a lathe dog, which some workmen use for moving the lap across
the work. At K is illustrated an outside lap and holder for small
work, say, less than 4 inch in diameter. Laps of this size are not
provided with a handle, but are knurled on the outside as shown.

It is the experience of many toolmakers that cast-iron laps are
superior to those made of copper, and that lead laps are preferable
to either under certain conditions. Some of the laps referred to
in the foregoing, therefore, would, perhaps, not be practical in a
shop where nearly every hole is finished by lapping, and by
different classes of workmen. There are considerable variations
in the practice of lapping and the best method often depends
upon existing conditions. The material used for holding the
abrasive is one of the most important factors when the work is
soft; and it is very important that this material should be softer
than the work. In many shops where nearly every hole is
finished by lapping, lead has been adopted as the best metal to
use. It is inexpensive and can be remolded by apprentices;
besides it charges very quickly, which is a much desired and
important feature. The lap arbor illustrated at 4 in Fig. 2, is
used for holding the lead laps, which may be molded in as many
sizes as desired. The molding arbor should be an exact dupli-
cate of the working arbor. A small groove e is milled the entire
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length of the molding arbor, producing a driving key f on the lap
which fits the working arbor. This driving key is very necessary,
as it is almost impossible to prevent considerable friction between
the work and the lap. Without the driving key, the lap would
surely revolve on the arbor and become tight in the work.

It is often very convenient to have laps with two or more diam-
eters, as shown at B, which enables the operator to readily find a
size for each job. It may be necessary, of course, to slightly
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Fig. 2. Lead Laps — Cast-iron Adjustable Laps

reduce one of the diameters to obtain the desired size. The
usual custom is, when a lap is a little too small, to flatten it be-
tween two parallel plates in an arbor press, which forces the metal
outward on the open sides.

For outside lapping a cast-iron, adjustable lap similar to the
one shown at C, Fig. 2, will give good results. Any piece of cast
iron will do, but it is better to have special castings of different
sizes, with holes in each end, as shown. The slots and holes
serve to hold the loose particles of the abrasive. The lower view
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D shows the style of lap to use in a hole which bottoms, or does
not extend through the piece to be lapped. It is slotted and
tapped for an expansion screw, which makes adjustment very
easy. The slots hold the loose particles of abrasive. This style
of lap is usually made of cast iron, and if provided with a taper
shank, it can be fitted to the drill press or lathe spindle. With
this form of lap a hole which bottoms can be lapped straight, as
the point of contact on the lap extends back from the end about
1 inch to a point x; beyond this point it is slightly tapering.

Fig. 3. Laps and Lap-holders used for Malking Plug Gages

Lapping Plug and Ring Gages. — For plug and ring gage work,
cast iron is generally considered the best lap, and although it
cannot be charged with abrasive as readily as copper or lead,
it gives much better results, besides wearing much longer than
the other metals. Laps for lapping plugs are made from disks
ranging from % to about } inch in thickness, are drilled and
reamed to a sliding fit on the ground plug, and split on one side
to allow of adjustment. Several laps and lap-holders, such as
are used for lapping plug gages, are shown in Fig. 3. These are
similar to the external lap shown in Fig. 1. The holders, made
in a few standard sizes to accommodate the different disks, are
of machine steel, knurled, and have three adjusting screws to
enable the operator to regulate the tension or size of the lap.

The piece to be lapped should be running at the speed re-
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quired in grinding, which varies according to diameter, and the
lap adjusted at all times to grip firmly on the surface, but suf-
ficiently free to allow its being held by the fingers. In the case
of large work a wood clamp may be used. As the piece revolves,
the lap is slowly drawn back and forth from end to end, and
under no circumstances should this oscillation cease while the
plug is in motion.

The proper abrasive to use in this operation is flour of emery,
or a very fine grade of carborundum; the latter, being the faster
cutter, seems more desirable. It is mixed with sperm or lard
oil, to the consistency of molasses, and applied sparingly to the
surface being treated, from whence it is taken up by the lap,
which becomes charged as it passes over after each application.

As the operation is almost completed, however, this is dis-
continued, and a drop or two of oil charged with the finest
particles of flour emery is substituted. This is obtained by
sifting about a tablespoonful of flour emery into a tumbler of
lard oil, when, after standing an hour, the oil should be poured
off, and will be found charged with the finest emery, the coarse
particles having settled at the bottom. This abrasive is applied,
a drop at a time, from the end of a small pointed stick or wire,
and will make a remarkably smooth and bright finish.

Should it be necessary to remove an unusual amount of metal
by the lapping process, much faster methods can be employed.
For instance, lead or copper laps charged with a coarse abrasive
liberally applied cut quite rapidly, but the results are not likely
to be satisfactory if accuracy is desired.

Should there be any hitherto undiscovered soft spots in the
work, they will invariably appear in the lapping, as their
duller color is contrasted with the rest of the harder surface.
However, it is possible for a piece to be slightly soft throughout,
and finish up uniformly bright, but the softness should be dis-
covered by file or other test at an earlier stage. In either case
the piece can only be rehardened, and reworked for some smaller
size, as a plug gage with a soft spot on its surface is useless.

Assume that a 1-inch plug gage is to be lapped to size. Such
a gage needs only about o.c01 or o.c015 inch for lapping. An
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outside lap similar to the type shown in Fig. 3 should be used.
The flour emery, or other abrasive, should be sifted through a
cloth bag to prevent any large particles of emery entering the
lap and scratching the gage. After sifting the emery it is
mixed with lard or sperm oil to the consistency of molasses, as
previously stated. The gage is then gripped in the chuck of
the lathe by the knurled end and a light coating of the ab-
rasive is applied to the surface to be lapped. The lap is ad-
justed to fit snugly on the gage and the lathe is speeded up as
fast as possible without causing the emery to leave the gage.
The lap requires constant adjusting, to take up the wear of the
lap, and reduction in size of the gage. This adjustment is
effected by the screws in the holder. When measuring the gage,
it should be measured at both ends and in the center to make
sure that it is not being lapped tapering. When the gage has
been lapped to within o.0002 inch of the finished size, allow the
gage to thoroughly cool and then by hand lap lengthwise of
gage to the finished size. By so doing all minute ridges that
are caused by circular lapping are removed, thereby leaving a
true surface and also imparting a silvery finish. A gage should
never be lapped to size while warm (heated by the friction of
the lap), because the gage expands when heated, and if then
lapped to size it will contract enough to spoil it.

The form of lap commonly used for ring gages is a cast-iron
cylinder with a taper hole, split diagonally on one side to allow
of expansion as it is forced on a taper arbor, to compensate for
the gradual enlarging of the hole being lapped. A number of
these internal laps and their arbors, are shown in Fig. 4. The
lap should be about three times the length of the ring it is in-
tended to be used in. The same rules regarding abrasive,
speed, etc., apply as in the lapping of plug gages, but care should
be exercised to avoid a too generous application of the abrasive
as the process nears completion, for, if applied too lavishly, the
particles have a tendency to crowd under the edges and cause a
bell-mouth effect. This latter trouble is sometimes eliminated
by making the rings with a small extension collar on each end
which is ground off after the rough lapping has been completed;
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but this is somewhat expensive, and, except for master rings,
hardly necessary.

In the making of small ring gages which do not allow the in-
sertion of a substantial cast-iron lap, a tool steel lap charged
with diamond dust can be used. This abrasive, which is not
extensively used outside the watch factories and concerns doing
work of like nature, must be used to be appreciated. It can be
purchased as Brazilian bort, in a pebbly form; it is crushed in a
suitable mortar, and graded to suit requirements, and it is par-
ticularly applicable to hand or form laps, or laps for delicate
or sharp corners. It is also a very rapid and smooth cutter,
economical and lasting, and is readily taken up and retained on
the surface of a tool-steel lap to which a very small quantity is

Fig. 4. Laps and Lap Arbors used in Making Ring Gages

applied mixed with sperm oil, and rolled in with an extremely
hard roll. Occasional re-chargings are necessary as the work
progresses, but in the intervals a drop of sperm oil is used on
the lap.

In grinding out the inside of a ring gage, considerable diffi-
culty is sometimes experienced in adjusting the grinder so that
it will grind straight or cylindrical. One way to prove the
straightness of a hole being ground is to move the wheel over to
the opposite side of the hole until the wheel will just barely
“spark.” Then, beginning from the back of the hole, feed
out, and if the hole is tapering, the wheel will either cease to
spark, or will spark considerably more. Another way of test-
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ing the hole is to fasten a sensitive indicator to the spindle of
the grinder and after placing the contact pin of the indicator on
the opposite side of the hole, feed it in and out; the pointer will
then record, in thousandths of an inch, just what the deflection is.

Lapping Conical Holes. — Taper or conical holes are sometimes
lapped by using cast-iron plugs or laps having the same taper
as the hole in the work. This method of finishing taper holes
is liable to be unsatisfactory. In the first place it is difficult to
secure a smooth surface, because the conical lap cannot be
moved back and forth across the surface being lapped; more-
over, the lap tends to cut annular grooves into the work, as it
remains in one position, and imperfections in the hole will, to
some extent, be transferred to the lap. When loose abrasive is
used, a conical lap tends to produce a more abrupt taper in the
hole being lapped, because the abrasive is gradually carried
outward toward the mouth of the hole by the action of centrif-
ugal force which, of course, increases as the diameter of the
hole increases. Taper laps should be charged by rolling the
abrasive into the surface, in the same way that cylindrical laps
are charged. At least one roughing and one finishing lap should
be used and if a smooth hole is necessary, several laps may be )
required. Slight errors in the taper are sometimes corrected
by charging the roughing lap in accordance with the error; for
instance, if the taper is slightly greater than it should be, the
small half-of the lap only is charged.

In making a ring gage having a taper hole or a taper plug gage,
a different method of lapping should be employed. The facts
regarding lapping are these: First, the lap should fit the hole at
all times; second, the lap should constantly be moved back
and forth. If a taper lap is made to fit the taper hole it will
tend to stick fast and not revolve, and if held in one place, the
lap will quickly assume the uneven surface of the hole. If the
operator attempts to lap a taper hole by constantly revolving
the gage on a straight lap, he will surely dwell longer in one
place than another, thereby making a hole that is anything but
round. The following method is, therefore, recommended:
First grind the hole to size, plus the allowance for lapping; then,
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without disturbing the position of the slide rest or grinder head
change the emery wheel for a lap made of copper (of the same
shape as the emery wheel with the exception of having a wider
face) and lap in the same manner as the hole was ground, care
being taken not to “crowd” the lap by attempting to lap or
grind too fast.

Laps for Flat Surfaces. — Laps for producing plane surfaces
are made of cast iron. In order to secure accurate results, the
lapping surface must be a true plane. Many toolmakers claim
that a flat lap that is used for roughing or “blocking down” will .
cut better if the surface is scored by narrow grooves. These
are usually located about } inch apart and extend both length-
wise and crosswise, thus forming a series of squares similar to
those on a checker-board. A rear view of a flat cast-iron lap
is shown in Fig. 5. As will be seen, this particular lap is pro-
vided with ribs across the back like a small surface plate.

The first requisite of perfect lapping is a perfect lap, and right
here is where the novice will make his first mistake; that is, in
the preparation of the lap. To make a flat lap, it should be
carefully planed, strains due to clamps being avoided, and then
it should be carefully scraped to a standard surface plate. This
is done by rubbing the face of the lap on the standard surface
plate to obtain the bearing marks, and scraping down the high
spots until a plane surface is obtained. If a standard surface
plate is not at hand, a lap having a true plane surface can be
obtained by planing three laps as accurately as possible and
then scraping these three laps alternately, the same as when

- making surface plates. The procedure is as follows: Number
the laps Nos. 1, 2 and 3; then, rub No. 1 and No. 2 together,
and scrape the high spots until they fit. Then introduce No. 3
and scrape it down to fit No. 2, and then to fit No. 1, and so on.
The third lap eliminates the error that might follow if only two
laps were used. For example, it is possible to fit two plates
accurately together without making them plane surfaces, one
becoming concave and the other convex. The third lap abso-
lutely prevents this and produces a perfect plane surface — if
time and patience hold out. It is a slow operation, but not so
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slow as trying to lap a piece true with a lap that is not true.
The laps may also be ground together instead of scraping. It
is better to scrape them, because it is quicker than attempting
to grind them level with the fine grade of emery that is required
for nice lapping, and it must be remembered that when ground
together the laps are already charged; hence, the necessity of
using a fine grade of emery if they are ground together.

Method of Using a Flat Lap. — When lapping flat surfaces,
No. 100 or 120 emery and lard oil (or some other abrasive of
similar grade) may be used for charging the roughing lap. For

Fig. s. Back of Standard Flat Lap, showing Ribbed Construction

finer work, a lap having an unscored surface is used, and the
lap is charged with a finer abrasive. After a lap is charged, all
loose abrasive should be washed off with gasoline, for fine work,
and when lapping, the surface should be kept moist, perferably
with kerosene. Gasoline will cause the lap to cut a little faster,
‘but it evaporates so rapidly that the lap soon becomes dry and
the surface caked and glossy in spots. When in this condition,
a lap will not produce true work. The lap should be employed
so as to utilize every available part of its surface. Gently push

!



66 LAPS AND LAPPING

the work all around on its surface, and try not to make two con-
secutive trips over the same place on the lap.

Do not add a fresh supply of loose emery to a lap, as is fre-
quently done, because the work will roll around on these small
particles, which will keep it from good contact with the lap,
causing inaccurate results. If a lap is thoroughly charged at
the beginning, and is not crowded too hard and is kept well
moistened, it will carry all the abrasive that is required for a
long time. This is evident, upon reflection, for if a lap is com-
pletely charged to begin with, no more emery can be forced
into it. The pressure on the work should only be sufficient to
insure constant contact. The lap can be made to cut only so
fast, and if excessive pressure is applied, it will become “stripped ”’
in places, which means that the emery which was imbedded in
the lap has become dislodged, thus making an uneven surface
on the lap. ' '

The causes of scratches are as follows: Loose emery on the
lap; too much pressure on the work which dislodges the charged
emery; and what is, perhaps, the greatest cause, poorly graded
emery. To produce a surface having a high polish free from
scratches, the lap should be charged with emery or other ab-
rasive that is very fine. The so-called ““wash flour emery,” sold
commercially, is generally too uneven in grade. It is advisable
for those who have considerable high-class lapping to do to
grade their own emery in the following manner: A quantity of
flour emery is placed in a heavy cloth bag, and the bag gently
tapped. The finest emery will work through first, and should
be caught on a piece of paper. When sufficient emery is thus
obtained it is placed in a dish of lard or sperm oil. The largest
particles of emery will rapidly sink to the bottom, and in about
one hour the oil should be poured into another dish, care being
exercised that the sediment at the bottom of the dish is not dis-
turbed. The oil is now allowed to stand for several hours, say
over night, and then is decanted again, and so on, until the de-
sired grade of abrasive is obtained.

Charging Laps. — To charge a flat cast-iron lap, spread a very
thin coating of the prepared abrasive over the surface and press
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the small cutting particles into the lap with a hard steel block
as indicated in Fig. 6. There should be as little rubbing as
possible. When the entire surface is apparently charged, clean
and examine for bright spots; if any are visible, continue charg-
ing until the entire surface has a uniform gray appearance.
When the lap is once charged, it should be used without applying
more abrasive until it ceases to cut. If a lap is over-charged
and an excessive amount of abrasive is used, or more than can
be imbedded into the surface of the lap, there is a rolling action
between the work and lap which results in-inaccuracy. The

Fig. 6. Charging a Flat Lap, using a Kudened_Steel Blocii

surface of a flat lap is usually finished true, prior to charging, by
scraping and testing with a standard surface plate, or by the
well-known method of scraping-in three plates together, in order
to secure a plane surface, as previously explained. In any case,
the bearing marks or spots should be uniform and close together.
These spots can be blended by covering the plates evenly with
a fine abrasive and rubbing them together. While the plates
are being ground in, they should be carefully tested and any
high spots which may form should be reduced by rubbing them
down with a smaller block.
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To charge cylindrical laps for internal work, spread a thin
coating of prepared abrasive over the surface of a hard steel
block, preferably by rubbing lightly with a cast-iron or copper
block; then insert an arbor through the lap and roll the latter
over the steel block, pressing it down firmly to imbed the ab-
rasive into the surface of the lap. For external cylindrical laps,
the inner surface can be charged by rolling-in the abrasive with
a hard steel roller that is somewhat smaller in diameter than the
lap. The taper cast-iron blocks whiclr are sometimes used for

Fig. 7. Lapping the Jaws of a Snap Gage

lapping taper holes can also be charged by rolling-in the abrasive,
as previously described; there is usually one roughing and one
finishing lap, and when charging the former, it may be necessary
to vary the charge in accordance with any error which might
exist in the taper.

Lapping Gage Jaws. — A good method of lapping the jaws of a
snap gage is illustrated in Fig. 7. The lap is made of cast iron
and is relieved as shown, leaving only a thin edge or flange on
each side to bear against the jaws. The gage is clamped in the
vise of a milling machine and the circular lap is mounted on an
arbor inserted in the spindle. As the machine table is traversed
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back and forth, the lap passes over the entire surface of the jaw,
grinding it down in the same manner as would be done with a
cup emery wheel. Care must be taken to clamp the gage in
the vise so as not to spring it.

A lap should be turned on the arbor on which it is to be used,
for it is almost impossible to put a lap back on an arbor after it
has been removed, and have it run true. Therefore, the lap
should be recessed quite deeply, as shown, to allow for truing
up each time the lap is placed on the arbor. Perhaps when the
lap is mounted on an arbor in the milling machine, it will be
found to run out not more than o.oo1 inch, but that means that
it is touching the work in only one spot, and the result can be
hardly better than if a fly-cutter was used for a lap. When
truing the sides of the lap a keen cutting tool is clamped in the
vise and in this way the lap can be trued as nicely as though it
were done in the lathe. In fact, it is superior, for there is ab-
solutely no change in the alignment of the lap with the work
spindle after it is turned, which might easily happen should it
be turned in the lathe and then mounted in the milling machine
spindle. With a perfectly true lap, a perfect contact between
the lap and gage is insured for its entire circumference. Both
sides of the lap should be turned at the same setting.

Figure 8 shows the operation of charging a circular lap, using
a roller mounted in a suitable handle for the purpose. The
emery is rolled in under moderate pressure. It is good practice
to make the roller of hardened steel, and after charging the lap,
all the surface emery should be thoroughly washed off.

The next step is to square up the jaws of the gage. Do not
depend on the zero marks of the vise. The jaws of the gage may
have sprung a little in hardening, and if the zero marks of the
vise are depended upon to square the work, there possibly will
not be sufficient stock on the jaws to clean up. Be very careful
to set the gage by the surface of the jaws and to clamp it in the
vise as previously mentioned, so that it is under no pressure
tending to spring it out of shape.

When lapping avoid adding a fresh supply of abrasive to the
lap, as it is not only injurious to the quality of the product, but
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it naturally increases the time required for lapping. To illus-
trate the action, suppose that an arbor is to be ground in a grind-
ing machine, and that it i§ belted so that it runs with a wheel
and at the same speed. Evidently no grinding action could take
place, as there would be no difference in motion. The con-
dition is very similar when loose emery is placed on a surface
lap. The emery simply rolls around between the work and the
wheel, and occasionally a piece of emery is imbedded in the lap
long enough to scratch the work. While it may look as though

Fig. 8. Charging the Lap with a Roller

the lap is cutting much faster, the truth is that it cuts slower and
produces poor work. ' 4

In lapping jaws, some workmen rough-lap, and then finish
by hand, but a better job will result when finished in the machine.
It is poor practice to rough-lap a gage, using a coarse grade of
emery, and then wash the lap and smear it with fine emery.
Of course the lap is already charged with a grade of emery last
used, and the act of putting on a supply of fine emery on the lap
will not produce as good a surface as if the gage were finished
without the fresh supply of emery, although the latter is of a
finer grade.
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Rotary Diamond Lap. — This style of lap is used for accurately
finishing very small holes in hardened steel, which, because of
their size, cannot be ground readily with an ordinary abrasive
wheel. While the operation is referred to as lapping, it is, in
reality, a grinding process, the lap being used the same as a
grinding wheel. Laps employed for this work are made of mild
steel, soft material being desirable because it can be charged
readily. Charging is usually done by rolling the lap between
two hardened steel plates. The diamond dust and a little oil
is placed on the lower plate, and as the lap revolves, the diamond
is forced into its surface. After charging, the lap should be
washed in benzine. The rolling plates should also be cleaned
before charging with dust of a finer grade. It is very important
not to force the lap when in use, especially if it is a small size.

Fig. 9. Sound Magnifier

The lap should just make contact with the high spots and grad-
ually grind them off. If a diamond lap is lubricated with kero-
sene, it will cut freer and faster. These small laps are run at
very high speeds, the rate depending upon the lap diameter.
Soft work should never be ground with diamond dust because
the dust will leave the lap and charge the work.

When using a diamond lap, it should be remembered that such
a lap will not produce sparks like a regular grinding wheel;
hence, it is easy to crowd the lap and “strip”’ some of the diamond
dust. To prevent this, a sound intensifier or “harker” should
be used. This is placed against some stationary part of the
grinder spindle, and indicates when the lap touches the work,
the sound produced by the slightest contact being intensified.

One of these sound intensifiers is shown in Fig. 9. By using
this simple instrument one can determine the instant when the
lap touches the work. By placing the forked end on the work
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and the wooden part to the ear, the sound is greatly magnified,
and it makes it much easier to determine the precise point of
initial contact. If one depends upon the naked ear to tell when
the lap touches the work, he is liable to crowd the lap too much,
and scratch the work or strip the lap. With this instrument the
mechanic will know the instant the lap just touches the work,
and this is the position which it should occupy when in operation.
The lap should not work under any appreciable pressure, but
should simply touch the part being ground; hence the desira-
bility of some means of magnifying the sound.

Grading Diamond Dust. — The grades of diamond dust used
for charging laps are designated by numbers, the fineness of the
dust increasing as the numbers increase. The diamond, after
being crushed to powder in a mortar, is thoroughly mixed with
high-grade olive oil. This mixture is allowed to stand five
minutes and then the oil is poured into another receptacle. The
coarse sediment which is left is removed and labeled No. o,
according to one system. The oil poured from No. o is again
stirred and allowed to stand ten minutes, after which it is poured
into another receptacle and the sediment remaining is labeled
No. 1. This operation is repeated until practically all of the
dust has been recovered from the oil, the time that the oil is
allowed to stand being increased as shown by the following table,
in order to obtain the smaller particles that require a longer time
for precipitation:

To obtain No. 1 — 10 minutes. To obtain No. 4 — 2 hours.
To obtain No. 2 — 30 minutes. To obtain No. 5 — 10 hours.
To obtain No. 3 — 1 hour. No. 6 — until oil is clear.

The No. o or coarse diamond which is obtained from the first
settling is usually washed in benzine, and re-crushed unless very
coarse dust is required. This No. o grade is sometimes known
as “ungraded” dust. In some toolrooms the time for settling,
in order to obtain the various grade numbers, is greater than that
given in the table.

Making and Lapping Master Gages. — All measuring gages
used in the factory of the South Bend Watch Co. are kept in
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repair and tested from time to time by means of standard thick-
ness gages. These gages are made from 3-inch diameter Sander-
son drill rod, and vary in thickness from 0.025 up to and including
o.500 inch. Twenty-seven of these gages are shown wrung to-
gether in Fig. 10, this being possible owing to their wonderful
accuracy. The way they were made and lapped is described in
the following:

A piece of }-inch drill rod was held in a chuck and the gage
blanks cut off, leaving sufficient material for facing, grinding and
lapping. After hardening, the temper was drawn just enough to

Fig. 10. Twenty-seven Standard Thickness Gages wrung together

remove the strains set up in hardening. Then the blocks were
ground, leaving 0.0002 inch on a side to be removed by lapping.
The cast-iron block to be used for lapping was planed as true as
possible, using a flat tool for finishing; then, a hardened and
ground steel block was used to rub diamond dust into the lapping
block. Before describing the lapping of these gages it might be
well to explain how the diamond dust was obtained. Splint and
broken pieces of diamonds were put in a mortar, and crushed to
powder by using a hardened steel pestle. The powder was then
removed and placed in a receptacle partly filled with watch oil.
The receptacle holding the diamond dust and oil was allowed to
stand for ten minutes; then the oil was poured off and the sedi-
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ment removed and labeled No. 1. The oil with the finer dust in
it was then allowed to remain in the receptacle thirty minutes,
after which the sediment was removed and marked No. 2. The
diamond dust still remaining in the oil was next allowed to settle
from 4 to 6 hours; then the dregs were removed and labeled No.
3. This process was again repeated and the oil allowed to stand
for 24 hours, the sediment obtained being No. 4. At this stage,
the diamond dust that had not sifted through the oil was very
fine, so that the receptacle was put away and left for two weeks.
The sediment was then removed and labeled No. 5. This is the
diamond dust which was used for lapping these fine thickness
gages.

The gages have a hole in them and were held in contact with
the lapping block by means of a piece of steel pointed like a lathe
. center, and fitting in the hole, but not passing completely through
the gage. The gage to be lapped was held down firmly on the
diamond-charged block, and given a rotary motion. When
doing work of this kind, the pressure on the gage should not be
released before the lapping is stopped. After rotating the gage a
few times on the block, remove all foreign matter with benzine,
and repeat the lapping process until the gage is reduced to the
desired thickness. Here is a point about lapping with diamond
dust to be observed — never apply any more dust after the lap
has once been charged, and with benzine remove the material
- ground from the work when the block begins to glaze. When a
lapping block begins to glaze, some toolmakers apply more dust,
but this is wrong. The reason for the glazing is that the material
removed fills the pores of the iron and prevents the diamond dust
from abrading the work.

These gages were lapped so accurately that they could be wrung
together and held without dropping apart, as shown in Fig. 1o.
Of course, the more closely the surfaces approach true planes, the
greater will be the power required to separate them. This work
is not as difficult as it appears, but there is a slight “knack’ in
lapping which can only be acquired by experience. However,
" even a novice by following the foregoing method will be surprised
at the accurate results obtained.
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Rotary Flat Lap. — A type of flat lap which has been used to
some extent consists principally of a circular disk which forms
the lap proper and revolves in a horizontal plane, a vertical
driving shaft at the top of which the circular lap is attached,
suitable means for driving the vertical shaft, and a stand or
frame for supporting the parts mentioned. Good results have
been obtained- with a rotary lap having a lap proper made of
cast iron, and faced with lead on the lapping surface. The disk
was provided with anchor grooves and the lead, after having been
poured onto the surface, was hammered to make it more compact.
The disk should be surrounded by a sheet-metal guard to pre-
vent the oil and abrasive from flying about. The vertical shaft
may be driven direct by a quarter-turn belt or through bevel
gearing from a horizontal shaft, driven in any convenient way.
It is important to so use the surface of the rotary lap that it
will be kept straight and true. The outer edge runs so much
faster than the inside that hollow places will be worn in the
surface unless care is taken to prevent this; it is a good plan
to test the surface frequently with a straightedge and then dis-
tribute the lapping so as to reduce whatever irregularity may
exist. An attachment for a rotary lap which is useful for lap-

. ping the ends of round or square bars, etc., consists of a hori-
zontal guide-bar which extends across the center of the lap and
is located a slight distance above the lapping surface. This bar
has a small sliding head which can be moved from the center of
the lap out to the edge, and in this sliding head there should be
a V-shaped groove located at right angles to the surface of the
lap. When lapping the end of a rod or bar the work is sup-
ported in the groove of the sliding head and at right angles to
the surface of the lap. A rotary lap may be charged by sprin-
kling the abrasive over the surface when the lap is not in motion
and then pressing in the abrasive by rubbing it with a piece of
round iron held in the hands. An old pepper box with a per-
forated top is excellent for sprinkling the abrasive over the lap
surface. As to speed, it was found that a 24-inch rotary lap
should revolve at about 300 revolutions per minute.



CHAPTER III
MAKING STRAIGHT AND CIRCULAR FORMING TOOLS

Forming tools are made in either straight or circular shapes.
Forming tools for the lathe or planer are ordinarily made flat or
straight. In some cases a flat formed blade is bolted to a holder,
but tools that are to be used very little are often made solid, the
formed cutting edge being machined and filed on the flat forged
end of the tool. When a number of different tools are needed, it
is more economical to make one shank or holder and attach sepa-
rate cutters or blades of the required form.

The diagram A, Fig. 1, shows a straight forming tool of the
vertical or straight-faced type. This style of tool is used on
automatic turning machines, etc., especially for large work. As
the plan view shows, the rear side is dovetailed to fit the holder
which, in turn, is attached to the cross-slide of the machine. The
circular type of forming tool B is used in preference to the flat or
straight type for many classes of work, especially in connection
with automatic screw machine practice, because it is easily dupli-
cated after a master tool for turning it is made. The circular
tool can be ground repeatedly without changing its shape. The
straight form of tool may also be ground repeatedly without
affecting the shape, when it is made with a formed surface which
is of uniform cross-section; some straight or flat tools, however,
especially when made for producing a comparatively small
amount of work, are filed to shape before hardening and when
the top of the tool is ground down for sharpening, the shape of
the cutting edge changes owing to the clearances. A straight-
faced tool 4 can be made without clearance on angular or curved
surfaces, but edges which are at right angles with the axis of the
work should preferably be given a slight side clearance; this
clearance angle, however, will affect the accuracy of the tool very

little as the top is ground away for sharpening, and the error
76
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resulting from this cause could be disregarded on many classes
of work.

Forming tools are also made which operate tangentially in-
stead of radially; that is, the cutting edge, instead of moving in
toward the center of the work, moves along a line tangent to the
outside surface being formed. - The tool may be mounted on a
vertical slide operated by a hand lever, or it may be fed horizon-
tally. When using the cutters shown in Fig. 1, the entire cutting
edge comes into action and, in some cases, this results in chatter-
ing and springing of the work. With a tangent cutter, it is
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Fig. 1. (A) Straight Forming Tool of Vertical Type. (B) Circular
Forming Tool

possible to prevent this trouble by beveling the front end so that
the point of the tool begins cutting first and then passes beyond
the center of the work, while the remaining part of the inclined
cutting edge gradually comes into the working position.

There are many different methods of making forming tools,
but little has been written on this subject in a way which will
enable the inexperienced toolmaker or machinist to compute the
distances, diameters, or angles so as to produce the required
dimensions on the finished work. For instance, if a circular tool
is to produce certain diameters on the work, and we transfer the
exact ratio of these different diameters from the drawing to the
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forming tool, we will not be able to get the required dimensions
when the cutting edge of the tool is one-quarter of an inch below
the center. If we have to make a straight forming tool which,
in the machine, is to stand at an angle of 15 degrees, we can, when
it is not very wide, use a master forming tool. When, however,
the tool is very wide, so that the use of the master tool is imprac-
ticable, and it is necessary to mill or plane it to shape, some com-
putation is then necessary in order to make the shape such that
it will produce the required dimensions on the work when the
tool is held at an angle in the machine. The calculations con-

Fig. 2. Example of Forming Tool Work

nected with straight and circular forming tools will be referred to
later.

Making Straight Forming Tools. — The following method of
making straight forming tools has proved satisfactory and will
produce accurate results if the work is done carefully. Suppose
that we are called upon to make the tools for producing with
accuracy such a piece of work as shown in Fig. 2, and that a mas-
ter former is to be made so that at any future time the forming
tool can be duplicated at small expense.

The master former may be made as in Fig. 3, being an accurate
duplicate of the model with the addition of a shank about an inch
and a half in length on each end, these shanks serving as an arbor
for the tool. The formed part is milled down to the center, to
produce a cutting face for future operations, after which the tool
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is hardened, tempered and the face accurately ground. To facili-
tate this face grinding the fixture shown in Fig. 4 is employed, the
work being done on a surface grinder. The most essential point
to be observed in grinding such a former is to have the cutting
face radial, and this is accomplished by the use of this fixture.
The fixture is placed on the grinder so that the line of centers is at
right angles with the grinding wheel; the center ¢ is removed
from the block d, and the grinding wheel is brought to bear on the
ball 4, which is a running fit in the lever a. This lever is ful-
crumed on the block d and is held upward by means of a spring
attached to the short arm. With the grinding wheel at rest, the

Machinery
Fig. 3. Master Former used in Making a Straight Forming Tool

table of the grinder is now run back and forth and the wheel fed
downward until it reaches such a position that when it passes over
the ball b, the front end of the lever will indicate zero. This
shows the operator that the periphery of the wheel is in perfect
alignment with the center of the fixture. The center ¢ is then
replaced and the master former, with dog attached, is placed be-
tween the centers and ground. By the use of the handle e, which
engages the knurled head of the adjustable center, the former is
turned slightly after each cut across the face until a keen cutting
edge on the former is obtained.

The block from which the forming tool is to be made is placed
in the vise of the milling machine and roughed out as near to the
formed shape as possible, after which the master former is sub-
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stituted for the milling cutter, as shown in Fig. 5. The cutting
face of the master former must stand at the same angle with the
vertical as the forming tool is to stand when placed in the screw
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Machinery
Fig. 4. Device for Grinding Master Former

machine, and it is very essential to observe this point if accurate
results are desired. When the proper angle of the former has
been obtained, it is secured in position by a wooden wedge tapped

Machinery
Fig. s. Making Straight Forming Tool from Master Former

in between the cone and the frame of the milling machine. The
table is then run back and forth and the forming tool gradually
cut to the desired shape by taking light scraping cuts with the
master tool.

Straight forming tools are sometimes machined in the shaper.
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One method consists in filing a templet to fit the model and from
this making the shaping tool, which, in turn, is placed in the
shaper with the face standing at the same angle as will the form-
ing tool when placed in the screw machine. Then the forming
tool blank is put in the vise and shaped in the usual way. As the
shaper tool inclines backward, the cutting edge has “negative
rake” and works with a scraping action so that the cuts must be
very light. Before using the shaper forming tool, it is usually
advisable to rough out the blank to be formed to approximately
the required shape, so that there will be little metal to remove
by the forming tool.

The foregoing methods are based upon the duplication of the
formers by mechanical means, but when making straight forming
tools by the method described in the following, the dimensions
of the tool are computed. We have already made it clear that
an error will exist if we transfer to the tool the exact differences
in the various radii on the work, and it is to overcome this error
that we subtract from the dimensions of the work such differences
as are caused by the tool standing at an angle in the machine, as
will be explained more fully later.

Making Vertical Forming Tools. — The methods referred to
in the following represent the practice at the Windsor Machine
Co., in the production of the vertical forming tools such as are
used on the Gridley automatic machines. These forming tools
were made at first by being shaped to the form required, it being
necessary for the mechanic to use his best judgment in allowing
for changes in hardening, but as tools of different shapes were not
affected alike by these changes, it was impossible to be sure of
accurate results. To overcome this defect, the vertical style of
forming tools are ground after the hardening operation. This
grinding of the hardened tools has practically solved the problem
of accuracy and has made it possible to turn parts of much more
intricate shape, and secure true corners, curves, and angles on
the work.

One of the most frequent questions arising in regard to grind-
ing forming tools is the expense, many believing that it takes more
time than is actually required and that it is not advisable to
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grind the tools owing to the cost. Within reasonable limits, the
time should not be considered, because when a vertical tool is
completed, it will produce hundreds of parts, to say nothing of
the accuracy of production and duplicating qualities of the work.
At first thought, one might charge all the time consumed in grind-
ing plus the time it would take to finish a tool in the old way, but

Fig. 6. Grinding a Hardened Forming Tool on Surface Grinder

“this is incorrect as much time is saved on the shaper work be-
cause it is not necessary to plane the form so accurately when the
tool is to be ground afterward, and coarser feeds may be em-
ployed. Because of this advantage, very little extra time is
required for grinding, and this additional time is certainly offset
by the accurate surfaces and measurements obtained on the work.
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Before grinding a forming tool, it is first roughed out on a
shaper, o.o10 or o.015 inch being left for grinding. The back of
the tool or dovetail is finished to size so that no unnecessary
grinding is required. The grinding is all done on a surface grinder
fitted with a magnetic plate or chuck. The fixture for holding
the tools while being ground is a very simple device and is illus-
trated in Fig. 6. It is essential that the top and bottom
of the fixture be perfectly parallel and also that the fixed edge of -
the dovetail be true with both edges or sides of the base. If the
straightedge on the magnetic chuck is true, obviously this holder
can be removed and replaced without affecting the accuracy of
the work; it can also be changed end for end, although care
should be taken that the holder and magnetic chuck are clean
when such changes are made. By inserting a thin piece of steel
of the required thickness between the straightedge and fixture,
the necessary clearance for the vertical faces of the tool can also
be obtained, as will be described more fully later. A few of the
many shapes of vertical forming tools that have been ground at
the Windsor Machine Co., are shown in Fig. 7. In order to
illustrate the general method of procedure in producing these
forming tools, the different operations on the particular tool
shown at G will be described in detail, as this tool is typical in
many respects.

Dimensioning and Laying Out a Forming Tool. — When
making the drawing of a forming tool, the draftsman should make
each horizontal measurement correspond exactly with each rel-
ative measurement of length on the article to be turned. The
vertical measurements should, preferably, be given at right angles
to the front face of the tool, so that the mechanic can work di-
rectly from the drawing; in this way, the liability of mistakes is
lessened and the work can be-done more rapidly. Of course,
these dimensions at right angles to the face of the tool vary
slightly from the actual dimensions on the work, owing to the
clearance angle, and must be calculated, as explained in the par-
agraph, “Vertical Forming Tool Calculations.”

The exact method of procedure when laying out a tool depends,
of course, largely upon the form of the cutting edge. Fig. 8
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illustrates, in a general way, however, how this work is done.
The tool shown by the diagrams A4 to F, inclusive, is similar to
the one illustrated at G in Fig. 7. After copper-plating the front
end or working face of the tool (by using a copper-sulphate solu-
tion) place the block on a surface plate with side # down; then
with a scratch block resting upon a combination of size blocks
equal in height to dimension @ (see sketch B) plus o.o10 inch,
scribe the first of the vertical lines (sketch J indicates how the
scratch block is used in conjunction with the size blocks). By
using different combinations of size blocks, scribe each succeeding
vertical line until all the lines are laid out as indicated at B. The
first measurement a is the only one that is made o.o10 inch
greater than the dimension on the drawing, this allowance being
left for grinding the left side; the distances between the other
lines must be precise. Next place the block on surface y (see
sketch A4), and scribe, in the same manner, all horizontal lines, as
indicated at C; then with a protractor set at the required angle,
draw lines ¢—d and e-f, and also the two corner angles, as at D.
With dividers, scribe arcs of the correct radius in each corner
that is to be rounded. The block is now ready to be roughed
out on the shaper.

It is needless to dwell on the method of removing the stock in
the shaper, but when performing this operation, allowances for
grinding should be made (as indicated by the dotted lines on
sketch E, Fig. 8), 0.007 or 0.008 inch being left on a side; that is,
measurements between faces such as g or & (sketch F) should be
left about o.015 inch narrow, while a measurement like # should
be about o.015 inch wide. No allowance need be made on verti-
cal measurements because the same amount can be ground from
each surface, so that there will be no change in the measurements.
When roughing the tool out in the shaper, it is preferable to plane
the surfaces straight or parallel, making no allowance for clear-
ance on the side faces. The amount to be removed for clearance
is so slight that it can easily be ground. When the tool has been
roughed out, the upper end or working face should be beveled
off to the required clearance angle which, at the Windsor Machine
Co., is made 12 degrees.
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Set of Wheels for Grinding Forming Tools. — When grinding
forthing tools, the general rule for the selection of wheels, viz.,
use soft wheels for hard metal and vice versa, cannot always be
strictly adhered to. Numerous experiments have shown that
excellent results in grinding are obtained by using alundum
wheels, different grades and grains being selected according to
requirements. The following list gives an ample variety and all
the shapes that are required may be obtained by using one wheel
or the other and dressing the wheel face off to suit the shape de-
sired on the tool.

Style. Diameter. Width. Grain. Grade.
Straight............... 7 2] 46 H
Straight............... 6 ¥ 46 K
Straight............... 6 1 46 H
Straight............... 6 % 46 K
Straight............... 6 34 46 M
Cup..........eeue e 6 1 46 I
Cup......oovvviiinnn. 4 1% 46 K
Cup........ovviennnnn. 4 13 60 K
Saucer................ 6 %e + 46 K
Saucer................ 6 56 60 K

Quite a number of wheels is necessary to secure economical
results, but when a stock of wheels is secured the consumption is
small if they are handled properly. When first starting to grind
form tools, one should not make too radical a change in the shape
of a wheel face, but secure another size which is more suitable.
In this way, there will soon be a variety large enough so that a
wheel can be found which will require but little dressing to repro-
duce almost any form desired.

Method of Grinding a Forming Tool. — After the tool is
hardened, it is ground to the finished dimensions. The first
operation is to grind the upper end or working face of the tool.
Enough should be ground off to insure sharp corners or edges,
without having to grind too much on the formed surfaces. The
next operation is that of grinding the formed part of the tool.
The dovetailed clamping surfaces should first be inspected to see
if they are clean. The tool is then clamped in a fixture similar
to that shown on the surface grinder in Fig. 6. The tool shown



GRINDING FORMING TOOLS 87

in this illustration, however, does not correspond in form with the
one selected as an example and illustrated in Fig. 8. Naturally,
the first surface that should be ground is the one that is highest,
thus providing a resting place for the base of the depth gage.
All vertical measurements (as held for grinding) should be given
from this surface. For measuring vertically when grinding, a
micrometer depth gage has proved satisfactory, while for hori-
zontal measurements, a set of size blocks may be employed.

If there is a dimension such as % of, say, £ inch (see sketch F,
Fig. 8), a 7- by 3-inch wheel of 46-H grade and grain would be
about right for grinding. First grind the lower horizontal sur--
face to within o.oo1 inch of the required depth; then insert a thin
strip of steel between the work-holder and straightedge of the
chuck, in order to secure the necessary clearance for the sides of
the tool. Use the sides of the wheel to rough off the sides of slot
h to within 0.003 or 0.004 inch of the width at the narrowest end
(working face) of the tool, grinding first the left side and then the
right side. Next, raise the wheel and grind off the top surface of
k and also surface N, allowing o.oo1 inch for finishing. Adjust
the work laterally and rough off surface O; then drop to surface
M and grind that to o.oor inch less than the required depth.
Next, raise the wheel far enough to clear the beveled corner to
the left of M, and rough off the side surface, care being taken not
to grind too much in order to retain dimension g at the narrow
end, in proper relation to slot 4. Be sure that the strip of steel
is at the proper end of the fixture to allow a clearance on this side.

Now take a 6- by {5-inch saucer wheel (60-K) and dress off the
face and sides, carefully retaining a sharp corner. With the
fixture held as for the previous operation, grind the left side indi-
cated by dimension %, great care being taken to grind it smooth
and straight. While grinding, the lower edge of the wheel should
be down even with the lower surface, and when the side is smooth,
feed the wheel down far enough to take off the o.0o1 inch from
the lower surface that was left when rough-grinding; then feed
the wheel to the right, thus finishing the lower surface as far as
possible without touching the right-hand side of the slot. Note
the reading of the handwheel dial and raise the grinding wheel
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one or two thousandths inch. Turn the fixture around, adjust
the strip for clearance and then grind the other side of slot /4 until
the required width is obtained. Of course, all measurements
should be made at the working end or top face of the tool. Con-
tinue the grinding operation by feeding down to the same reading
previously obtained and then feed horizontally to join the lower
surface that was ground before turning the fixture around, thus
finishing the slot. Raise the wheel and grind surface I and then
side O, measuring from the slot 4. Feed the wheel down far
enough to take off the o.001 inch left when roughing; then feed
across surface N and the top surface of the part .

Turn the fixture around again and adjust the strip for clear-
ance. Place a 6- by -inch 46-K wheel on the machine and
bevel off the left corner of the wheel so that the width of the
chamfer is a little less than the width of chamfer e-f on the
work. Dish the side of the wheel slightly, so that only the cor-
ner does the cutting, and grind the remaining side of g until
the width is correct; then feed down until the upper corner of
the chamfer is ground to the right depth, after which move the
wheel a little to the right and feed down, grinding horizontal
surface M to the required dimension; then feed to the left until
this horizontal surface joins with the beveled corner. Next
dress off the back of a 60-K saucer wheel to the proper angle for
side c—d, using the fixture for angular dressing illustrated in Fig.
9. (This fixture will be described later.) Make the face of the
wheel slightly narrower than the width of slot P at the bottom;
then with work-holding fixture inclined horizontally to give
clearance to the side of the slot, grind the left side of slot P until
k is of the required width, feeding down until slot P is of the
proper depth. Raise the wheel slightly, remove the clearance
strip and with the fixture set parallel to the travel of the table,
grind the angular side, feeding laterally and down until slot P is
of the correct width when the index reading is the same as when
finishing the other side. Care must be taken not to touch the
straight side when grinding the angular surface, because the
cutting edge would be the first to be ground away by the wheel,
thus spoiling the tool. This slot can be roughed out with a
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coarser wheel, if desired, but should be finished with a 60-K to
retain the sharp corners at the bottom. In this case, it is not
likely that a roughing wheel would be economical to use, because
changing wheels and forming or dressing two wheels would off-
set the extra time required for grinding with a 60-K wheel.
Secure a 46-K saucer wheel and form it for grinding the small
round corners. The work-holding fixture should be set in

Fig. 9. Fixture on Magnetic Chuck of Surface Grinder is used
for Dressing Grinding Wheels at an Angle

different positions so that the same wheel may be used on all
the corners of the same radius. The tool is now finished, except-
ing the beveled surface at the left, and the left side. The
beveled surface should extend a little below the largest diameter
of the part to be turned, or, in this case, a little below the bottom
surface of slot 4.
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In measuring a slot with the size blocks, insert the block or
combination of blocks in the slot near the widest end and move
them toward the working end of the tool as far as possible.
Continue grinding from the side until the block will just pass
through at the cutting edge.

When forming tools were first ground at the Windsor Machine
Co., a holder that swiveled was employed, but it soon became
evident that this holder was unnecessary and, in fact, undesirable
owing to the time taken to change it back and forth, to say
nothing of the possibility of a mistake caused by not getting it
true for different surfaces. It is much preferable to have a
plain holder like the one illustrated in Fig. 6 and then use a
fixture to dress off the emery wheel to the required angle.

Grinding Angular Surfaces. — The fixture used for dressing
grinding wheels at an angle (illustrated in Fig. g) consists of a
block which holds the diamond and is traversed back and forth
on an inclined block; the latter, in turn, swivels on a stud at

. the center of the fixture. The outer end of the inclined block

rests on an adjustable screw, which, being movable in a slot,
allows adjustment for any position from the vertical to the
horizontal. There are two of these adjusting screws so that
settings for two angles can be made at the same time, one on
either side of the vertical. This swiveling block is set at any
required angle relative to the top of the fixture, the top being
ground parallel to the base. The fixture is about 4 inches wide,
thus giving a good bearing surface for the bevel protractor. A
vernier protractor can be set practically to within 23 minutes
of the given angle, and very few form tools require greater ac-
curacy, although, for very fine work, the sine bar may be used
in setting the swivel block. By using this truing fixture, one
can dress a surface 45 inch wide just as accurately to a given
angle as a surface 4 inches wide.

The grain and grade of wheels used for grinding surfaces on
an angle are governed by the same condition as for straight
grinding, except for a forming tool having two angular surfaces
which, at the point of intersection, form a sharp corner as, for
example, a tool for turning bevel gear blanks. For such work
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it is well to use a 46-M wheel; this wheel may seem too hard at
first, but experience has shown that the best results are ob-
tained with this grade. As little as possible should be left for
grinding, and when using a wheel of the grade mentioned,
rough out to within o.0co1 or o0.002 inch of the size; then, after
re-dressing the wheel, the surfaces may be finished smooth and
a sharp corner obtained.

The best way to grind forming tools which are to be used for
turning bevel gear blanks and similar shapes, is to take a 46-M
wheel, say, 1 inch wide, and dress it down so as to make the width
of each bevel in proportion to the width of the surface each side
is to grind. The bottom of the angular groove is ground first
by setting the wheel central, as indicated at 4, Fig. 10, then
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Fig. 10. Method of Grinding an Angular Surface

feeding the wheel down and cutting to the full width of both
bevels until the point of the wheel is about o.002 inch less than
the required depth. To grind the remaining surfaces, raise
the wheel and move it sideways so that when it is fed down
again, the wheel face will slightly overlap the surface already
ground, as indicated by the dotted line in sketch B. The wheel
is then moved farther up the incline, and so on until the entire
surface is finished. In a similar manner, the opposite angular
surface is ground. For finishing, re-dress the wheel and repeat
the foregoing operation, taking off the o.coz inch left when
roughing. If these operations are performed carefully, a tool
can be ground quite quickly without burning it, although it will
become quite warm. The angular form of tool and those having
large or irregular curves are the only ones that need a templet
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to work to, as all others can be gaged by direct measurement,
using the graduated dials of the grinding machine and regular
measuring tools. '

When grinding sharp square corners, dress the face of the
wheel off with a diamond attached to the magnetic chuck.
When dressing the side of a wheel, the diamond should not be
carried beyond the periphery of the wheel as indicated by the
dotted lines in sketch I, Fig. 8, but should stop just before
reaching the edge or in the position shown by the full lines, be-
cause the diamond breaks the corner of the wheel more or less,
if it passes beyond the periphery; therefore, it should be brought
up close to the edge and then be returned. A little practice will
enable one to grind sharp corners.

Gaging an Angular Tool. — When an angular tool for bevel
gear blanks does not have a curved surface in conjunction with
the angular surfaces, a mechanic versed in trigonometry can
save time by a few simple calculations. The diagram H, Fig. 8,
illustrates how the depth of a V-groove can be accurately gaged
by using a cylindrical rod and calculating the distance r to the
top surface from which the measurement is taken. For a tool
of the form illustrated, the two angles and the distance ¢ are al-
ways given. As depth ¢ is down to a sharp corner, it is difficult
to determine it by direct measurement but by laying a cylindri-
cal rod in the groove and measuring down to this rod, an ac-
curate measurement may be obtained. As dimension r is the
_ one required, the distance s from the top of the rod to the apex
of the angle must be determined. As a rod lying in a V-slot
will always center itself, a line drawn through the center of the
rod and the apex of the angle will be equidistant from each side
of the angle, thus gfving the angle g which is one-half of angle
a. A line drawn through the center of the rod and through the
point of contact on either side of the angle, will be at right
angles to that side. This line, and the one extending from this
point of contact to the apex of the angle and the line extending
from the apex to the center of the rod, forms a right-angle
triangle of which one side (radius of the rod), and angle g are
known, so that dimension x may be obtained. (Hypotenuse
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equals side opposite divided by sine.) Drawing a vertical line
through the apex of angle a and also one at right angles to this
line through the center of the rod, gives a right-angle triangle of
which dimension y is desired. Angles 8 and & being known,
angle 6 is obtained easily, and, having dimension x, dimension
y may also be obtained. (Side adjacent equals hypotenuse
times cosine.) Therefore s will equal y plus one-half the diameter
_of the rod, and this dimension, subtracted from ¢, will give the
required measurement 7.

Points on Grinding Vertical Surfaces. —When grinding the
sides of vertical surfaces of a forming tool, any neglect or care-
lessness will be manifest in the action of the tool when it is being
used. Care must be taken to see that the wheel is not allowed
any side play when finishing vertical surfaces, as otherwise
when the wheel leaves the tool at the end, it will grind the
corners back on account of the gradual lessening of the wheel
area in contact, thus forming a convex surface adjacent to the
cutting edge. This will allow the stock, when the tool is in
use, to rub on the side below the cutting edge, which causes a
“loading”’ of the tool and makes it impossible to secure a good
finish on the work. As this lack of clearance caused considerable
trouble, the Windsor Machine Co. adopted the plan of grinding
a clearance on all straight side surfaces, to avoid any rubbing of
the work or loading of the tool when in use. This clearance is
obtained, as previously mentioned, by inserting a thin strip of
steel between the edge of the grinding fixture (see Fig. 6), and .
the straightedge on the magnetic chuck, at whichever end of
the fixture needs to be inclined outward in order to provide
clearance for the cutting edge. This strip should be thick
enough to provide a taper of about 0.035 inch per foot, which is
approximately the minimum amount for good results. While
more clearance would be better as far as the cutting action of
the tool is concerned, it would result in too great a change of
length as the tool is ground away on the top for sharpening.
In most cases, however, a difference in length of 0.003 to o.005
inch one way or the other is immaterial, especially on large
work. Obviously, this liner can be inserted at either end of the
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holder, depending upon which side of the tool is being ground
for clearance. This clearance is only necessary on straight
sides as all curves and surfaces on an angle, no matter how
slight, will clear themselves. The only exception as to curves is
when one joins a straight side; then it should be ground at the
same time that the straight side is ground for clearance.

Joining a Vertical Side and Beveled Surface. — Another grind-
ing problem met with when finishing a forming tool similar to
that shown at L in Fig. 7, is that of joining a straight or vertical
side and a bevel, grinding the clearance on the vertical side and,
at the same time, neatly joining it with the beveled surface.
First, all the surfaces of the forming tool should be ground
straight or without clearance; then a thin strip of steel, as
previously stated, should be inserted to give the proper slant to
the vertical side for obtaining the necessary clearance. This, of
course, will throw the bevel out of true so that the wheel, if fed
down close enough to it, would grind at the bottom of this
surface before touching the top or cutting edge. To overcome
this, the working face or upper end of the forming tool should
be raised enough so that when a test indicator, attached to the
wheel guard, is run along the beveled surface, the pointer will
remain stationary. When finishing sides or vertical surfaces,
the table should be traversed back and forth by hand, because
a good surface cannot be obtained when the power feed is used,
on account of the jar of the mechanism when it reverses. When
grinding ordinary forming tools, little difficulty will be met with
if the mechanic adheres to the use of the grain and grade of
wheels recommended in the foregoing, and bears in mind that
this is an operation wherein the old saying, ‘“ haste makes waste”
is especially true.

Grinding Curved Surfaces. — The making of forming tools for
producing irregular curves and surfaces is quite a different
proposition from that of making tools having only straight and
angular surfaces and here is where experience in grinding tools
is required, because these curves are affected by the clearance
angle; hence, the curve on the wheel is not exactly the same
as the curve to be reproduced on the work. Obtaining the
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required shape and size, depends largely upon one’s ability in
dressing the wheel to the correct curvature by hand. For in-
stance, when grinding a tool which is to have a circular cutting
edge, the wheel is first dressed to fit a true gage of the required
radius and when finish-grinding, the wheel face is slightly altered
by hand dressing to compensate for the angularity of the cutting
face. In other words, it is necessary to make the wheel face
slightly elliptical in order to secure a circular cutting edge along
the beveled face at the top of the tool.

In grinding circular surfaces, it is advisable to never work on
more than a quarter of a circle at a time because the work can
be done more rapidly and better by following this rule. For
example, to grind the tool illustrated at G in Fig. 8, the wheel
should be dressed off so as to form a curve extending a little
beyond the center at the bottom, as indicated by arrow a, to
allow for joining the two halves of the surface neatly and
smoothly. When grinding a curved surface of this kind, first
grind one side and then note the dial reading on the machine.
Next turn the holder around and grind the other side, feeding
the wheel down to the same depth as shown by the previous
reading. It is also necessary to feed the wheel laterally some-
what in order to compensate for the angularity of the top or
working face of the tool. The form of the wheel must also be
changed slightly in order to secure a true circle at the cutting
edge.

As an example, illustrating the grinding of curves of large
radii, let us assume that a tool is to be ground and that the
radius of curvature required on the work is 3% inch. Secure a
partly worn 6- by 1-inch cup wheel of 46-I grain and grade and
one that is a little wider than half the width of the curve. Dress
off the wheel to fit a }}-inch radius gage and then grind one side
of the curve as indicated by the diagram G, Fig. 8, just cleaning
up the side. Next raise the wheel and turn the fixture around
for grinding the other side. Move the wheel over, and down,
gradually, to the same reading as shown by the dial on the
handwheel of the machine. Doubtless this will not make the
rough planed recess either deep or wide enough so that the
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wheel must be fed down, say 0.002 or o0.003 inch, and laterally
proportionately. When making these adjustments the dial
readings should be noted. Now raise the wheel slightly and
turn the fixture around again; then by moving the wheel over
and down, the first side should be ground until the dial registers
the same as for the other half of the curve. This operation must
be repeated until the required depth is obtained, care being
taken to keep the center of the curve in the proper place. The
wheel must be dressed off at intervals for grinding the proper
shape so that the cutting edge in the plane of the working face
of the tool will be a true radius. All gages or templets for
irregular surfaces and curves should be made to correspond with
the curve required on the work and be held in the same plane
as the working face of the tool, or, in this case, on a slant of
12 degrees, which is the required angle of clearance. No allow-
ance should be made on the gage, the latter corresponding to
the measurements required on the work and the tool being
ground until the gage accurately fits the cutting edge, when held
parallel with the top or working face.

While the wheel should be dressed to the required form with
a diamond tool, the following trick is often worth knowing:
After the curve on the work is ground approximately to shape
and size, secure part of a broken 46-K emery wheel and using
a flat surface, run this piece lightly back and forth once or
twice over the working face of the wheel. Coarse emery cloth
may also be used. As this operation dulls the wheel face, it
must not be done until the tool is ground almost to the finished
size; moreover, one must not attempt to secure the correct
shape by dressing the wheel in this way. As previously men-
tioned, the shape should be obtained by dressing with the
diamond tool, and not more than o.cor inch be taken off of the
tool after the emery wheel is smoothed with the emery brick.
If there is a greater allowance, the tool is liable to be burned,
when grinding with the dulled face of the wheel. When grind-
ing curves, the wheel, as it does not feed laterally as in flat
grinding, leaves fine scratches, the coarseness of which depends
on the grain of the wheel; therefore a piece of emery wheel or
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cloth is used on the wheel prior to the final finishing operation,
merely to obliterate these scratches. Ridges, however, cannot
be ground out with a wheel that has been dulled in this way.
Wheels to use for Grinding Curved Surfaces. — When grind-
ing curved surfaces, the grade of the wheel should be varied ac-
cording to the radius of the curvature. For all radii above %
inch, the use of a 46-H wheel is to be recommended. Although
~ this grade is a little harder to shape than a softer grade, and

FORMING

[

FORMING
TOOL-HOLDER

Machinery

Fig. 11. Elevation and Plan of Forming Tool showing how Clearance
Angle affects Dimensions of Tool

secure a smooth surface, it will cut free without glazing or losing
its form. For comparatively small radii, however, this grade
will not hold its shape very well, and a 46-K is much more
serviceable, down to a g-inch radius. Fora g%-inchora gy-inch
radius, No. 46 grain is too coarse for good results and a grain
and grade of 60-K should be employed. For rapid grinding,
46-H wheels should be used on all broad surfaces such as those
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illustrated at C, F, I and Q, Fig. 7. This grain and grade of
wheel should also be used for grinding sides or vertical surfaces
whenever a sharp corner is not required, and even then it is well
to rough-grind with this wheel, finishing with a finer wheel. A
grain and grade of 46-K gives a good finish when a small radius
is to be left in a corner, but if a sharp corner is necessary, a
60-K wheel should be used, care being taken to keep it from
glazing. If the wheel is touched frequently with the diamond
‘tool, it will last longer than if allowed to glaze over excessively.

Vertical Forming Tool Calculations. — The vertical forming
tool, as used on the Gridley automatic, is held on a 12-degree
angle for clearance, but when grinding, the tool is held hori-
zontally (as shown in Fig. 6) so that it is necessary to make an
allowance on all radial as well as angular measurements, because
there is a difference in the distance from one step to another on
the tool, or a slight change in the angle, depending upon whether
the measurement is taken along the top face of the tool or at
right angles to the front face. To illustrate, if dimension z,
Fig. 11, represents the distance that is to be reproduced on the
work, it will be necessary, when grinding the tool, to make the
depth y, measured at right angles to the front face, slightly less
than the required depth #, owing to the angular position of the
tool. Evidently the difference between x and y will depend
upon the clearance angle a. The depth of y will equal dimen-
sion # multiplied by the cosine of angle a, or the side adjacent
equals the hypotenuse times the cosine of a. For example, the
part made with the tool shown at C, Fig. 7, should have a radius
difference of one inch from the body part to the outside of the-
flange produced by the slot in the tool. As the top face of the
tool is at a 12-degree angle while grinding, the slot should be
ground to a depth equal to the radial dimension required on the
work, times the cosine of 12 degrees, or 1 X 0.9781 = 0.9781
inch, instead of one inch.

Allowance must also be made when grinding angular surfaces.
For example, suppose the angular surface of the forming tool
illustrated in Fig. 11 is to reproduce an angle g of 15 degrees on
the work. It is evident that in order to grind the tool to an
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angle 8 of 15 degrees on the top or along the cutting edge, the
angle at right angles to the front face of the tool must be slightly
less, owing to the clearance angle. For instance, if angle g is
to be 15 degrees when measured in the plane d-d, the angle
when measured along the plane e-e (which is square with the
front face) will be a little less than 15 degrees and will represent
the angle to which the face of the grinding wheel should be
trued.

To determine the angle at which the tool must be ground,
multiply the tangent of the angle required on the work, by the
cosine of the clearance angle; the product equals the tangent
of the angle when measured at right angles to the front face of
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Fig. 12. The Angle of the Grinding Wheel must be varied slightly
owing to Clearance Angle of Forming Tool

the tool. Thus, taking the tangent of 15 degrees, which is
0.26795, and multiplying by the cosine of 12 degrees, or 0.97815,
we have 0.26795 X 0.97815 = 0.26209, which is the tangent of
14 degrees 40 minutes, nearly; therefore, the grinding wheel
should be dressed to this angle.

For angles larger than 45 degrees, it is preferable to work
from a vertical line, or from a line at right angles to the axis of
the work, instead of parallel to the axis. When working from
a vertical line, divide the tangent of the required angle by the
cosine of the angle of clearance, instead of multiplying, in order
to obtain the tangent of the angle measured at right angles to
the front face of the tool. The difference between the two
methods is illustrated by the diagrams 4 and B, Fig. 12. When
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angle 8 is measured in the plane of the top face of the tool and
from a horizontal line parallel to the axis of the work (as at 4),
angle 6 of the wheel face equals tan B X cosine of clearance
angle. On the other hand, when angle g is measured from a
vertical line at right angles to the axis of the work (as at B), tan
tan 8
cosine of clearance angle”
angle g (sketch B) is 30 degrees; then, dividing the tangent of
the required angle by the cosine of the clearance angle, we have:

—5-7-7-&5-:97815 = 0.59024, which is the tangent of the angle the wheel
should be trued to, or approximately 3o degrees 33 minutes.
Thus, we have the following very simple rules for obtaining
grinding angles or the angle of the tool measured at right angles
to the front face:

When working from a vertical line (at right angles to axis of
work) the tangent of the grinding angle equals the tangent of
the angle of production (angle required on work) divided by the
cosine of the angle of clearance. When working from a horizontal
line (parallel to axis of work) the tangent of the grinding angle
equals the tangent of the angle of production, multiplied by the
cosine of the angle of clearance.

Circular Forming Tool Calculations. —To provide sufficient
periphery clearance on circular forming tools, the cutting face is
off-set with relation to the center of the tool a distance C as shown
at B, Fig. 1. Whenever a circular tool has two or more diameters,
the difference in the radii of the steps on the tool will, therefore,
not correspond exactly to the difference in the steps on the work.
The form produced with the tool also changes, although the
change is very slight, unless the amount of off-set C is consider-
able. Assume that a circular tool is required to produce a part
having two diameters as shown. If the difference D, between the
large and small radii of the tool were made equal to dimension D
required on the work, D would be a certain amount over-size,
depending upon the off-set C of the cutting edge. The following
formulas can be used to determine the radii of circular forming
tools for turning parts to different diameters:

6 of the wheel face equals Suppose
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Let R = largest radius of tool in inches;
D = difference in radii of steps on work;
C = amount cutting edge is off-set from center of tool;
r = required radius in inches;
then:

r=V(VR—-C-D)2+C. (1)

If the small radius 7 is given and the large radius R is required,
then

R=V(VA-C+D)+C (2)

To illustrate, if D is to be % inch, the large radius R is 1} inch,
and C is ¢’; inch, what radius r would be required to compensate
for the off-set C of the cutting edge? Inserting these values in
Formula (1): _ .

r =V (V@) - (F7)' — 3)?+ (5f)? = 1.0014 inch.

The value of r is thus found to be 1.0014 inch; hence the
diameter = 2 X 1.0014 = 2.0028 inches instead of 2 inches, as
" would have been the case if the cutting edge had been exactly on
the center-line of the tool.

Most circular forming tools are made without top rake, that
is, the cutting edge is in a horizontal plane, as illustrated in Fig.
1. Tools made in this way are especially adapted for cutting
brass but may not work entirely satisfactorily on tougher and
harder metals. The amount of top rake for circular tools varies
from o to approximately 18 degrees. When a circular forming
tool is given top rake, corrections for the diameters of different
steps must be made, the variation in diameter depending upon
the angle of rake. The rather lengthy mathematical calcula-
tions involved are given in full in MACHINERY’S Reference Book,
No. 101, “Automatic Screw Machine Practice,” page zo.

Grinding Notch in Circular Forming Tool. — The drawings 4, .
B and C, Fig. 13, illustrate methods which are commonly used for
making circular forming tools. The two saw cuts opposite the
working side of the tool are intended to relieve the strains due to
hardening. Before cutter 4 can be used the portion indicated by
the dotted lines must be ground off. The method described in
the following is intended to facilitate this operation. The formed
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surface of a circular tool must be polished to remove the scale
if good results are desired. For this reason most forming tools
are made as shown by Sketch 4, and after the cutter is hardened
and polished, a gash, as shown at B, is ground into the cutter,
after which the cutter is ground as indicated at C. A wide tool
made in this manner will require considerable time for grinding
in order to remove the metal without drawing the temper of the
tool. On the other hand, if the tool was originally milled before
hardening, as shown at C, it would be almost impossible to polish
the tool after hardening. The simplest and most effective means
for overcoming this difficulty is indicated at D; the cutter is
made with an extra slot, as shown, and after the tool is hardened
and polished, the piece y is easily broken out, without injury to

Dlulmm'y
Fig. 13. Methods of Cutting Notch in Circular Forming Tool

the cutter, by driving in a wedge as at x. The cutter may be
held in a bench vise and only a slight tap of the hammer is neces-
sary, after which the cut can be quickly finished off with an emery
wheel. This method will save considerable expense in the making
of circular forming tools.

Making Concave Forming Tools in Milling Machine. — Fig. 14
illustrates a method of making a concave forming tool such as is
used for backing off convex milling cutters. This tool has, of
course, the same shape for its entire depth so that it may be
ground and reground without changing its original form.

In the illustration, B represents the tool which is held in the
holder 4 at an angle of 76 degrees with the table of the milling
machine, this giving to the tool the proper cutting clearance.
The first thing to be done, after placing the tool in the holder, is
to mill off the top of the tool so that it will be parallel with the
table of the machine. A semi-circle of the desired radius is then
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drawn on the back of the tool, and with any cutter that is at
hand, it is milled nearly to the mark, care being taken not to go
below it. For finishing the cutter, a plug C is made, the end
being hardened and ground in a surface grinder. This plug is
held in a special holder D, which fits the spindle of the milling
machine, and when it is set so that its axis is perpendicular to the
tool, the spindle of the machine should be firmly locked. Now,

Fig. 14. Making a Concave Forming Tool in the Milling Machine

by moving the platen of the machine backward and forward by
hand, the plug can be made to cut a perfect semi-circle in the tool.
It is good practice to plane a little below half of the diameter of
the plug, thus allowing some stock to be ground off after the tool
is hardened. In hardening, these tools usually come out very
satisfactorily, but, if any distortion takes place, it will be from
the sides, and may be readily remedied by a little stoning. By
using the concave tool for a planing tool, a convex tool may be
formed, but in doing so care should be taken that both tools stand
at an angle of 76 degrees with the bed of the machine. This
shape of tool would be used for backing off a concave cutter.
Making Forming Tools for Gear Cutters. — The making of a
forming tool for forming gear cutters is not work that is frequently
given to the toolmaker, but there are some instances when a
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special gear cutter is wanted and lack of time prevents having it
made by the cutter manufacturer, who is not always very prompt
in filling such orders. The ordinary practice is to lay out the
tooth curve full size or several times enlarged, and then make
master tools to this drawing, by which the formed tool is planed.
Following this method, it is necessary to make a special master
planing tool for each side of the tooth and planing tools for the
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Fig. 15. Milling Machine set up to generate Formln¢ Tool for Gear
Cutters, with a Rack-shaped Tool

curves at the bottom; these operations combined with the
method of using the tools and making the necessary corrections
for the distortion due to the angle at which each tool is set in
planing, are all likely to lead to inaccuracies in the tooth curve,
making the results anything but satisfactory. By the following
method (which was described by John Edgar in MACHINERY,
July, 1914), all the multiplied inaccuracies incident to copying
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from this original draft are omitted. This method consists of
generating the forming tool direct without any intermediate steps,
and by mechanical means that alone determine the shape of the
tooth curve, so that a correct involute curve is obtained without
any approximations whatever. ,

Probably the greatest drawback to the first method of pro-
cedure referred to, is the necessity of making the original drawing
of the tooth curve, there being so many methods in use that are
mere approximations. Such methods are all well enough for the
purpose of representing gear teeth on a drawing, but if it is at-
tempted to make the teeth themselves to these layouts, trouble is
liable to be the result. Almost any toolmaker worthy of the
name can produce a tool very close to the original curve; but the
proposition of getting exactly the original curve is a job that
must be left to some mechanical means if we are to get the closest
possible degree of accuracy. This means is found in every tool-
room and is the universal milling machine. For the operation
of generating the tool, a universal milling attachment is required,
which may make the use of the method impossible in some cases;
but these attachments are now commonly found in the toolroom
in connection with the milling machine.

Generating Forming Tool With Fly Cutter. — Fig. 15 shows
the machine arranged for using the rack-shaped fly cutter. The
forming tool is clamped in a special chuck held in the spindle of
the dividing head, which is set in the vertical position. The head
is shown set up with the change gears as for spiral cutting, the
pitch for which the gears are chosen being equal to the circum-
ference of the pitch circle. The universal spindle of the attach-
ment is set at right angles to the axis of the main spindle and
parallel to the direction in which the table travels. When set up
in this manner, the machine is ready to generate the involute
sides of the forming tool, by using a fly cutter that is shaped like
the tooth of a rack of the same pitch. The process is similar to
that used in some way in all generating machines. By setting
the top of the forming tool blank at the height of the axis of the
cutter spindle, and the fly cutter so that the cutting plane passes
through the center of the cutter spindle, next adjusting the fly
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cutter to produce a gash of the proper depth, and then starting
the machine and throwing in the feed for the table, we can gener-
ate the tooth space shown. This space is of the correct shape at
the top of the tool only, as the angle of the fly cutter with the top
of the forming tool affects the shape at all other positions deeper
in the tool. A tool made in this manner would appear as shown
at 4 in Fig. 16, and to make it of use as a forming tool it must be
relieved up to the top for clearance. This can be done by filing
or other means, so that the finished tool would have a 20-degree
clearance (as indicated by the dotted line at B), extending all
around the form. With the fly cutter made to close dimensions,
the space generated will be of the correct width at the pitch line
and to depth; and a forming tool made with it would likewise be
of the correct size in relation to thickness and depth.

FLY CUTTER
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Fig. 16. Shape of Tool produced by Fly Cutter whea Top of Blank
is at Height of Cutter Spindle Axis

The necessity for relieving the tool after generating may be
avoided by setting the fly cutter as shown in Fig. 17, 20 degrees
being chosen as giving plenty of clearance for the tool in the form-
ing and backing off of the cutter. If the cutter teeth are to be
given more than the ordinary amount of relief, the angle should
be increased. With the use of the fly cutter in this position, a
correction will have to be made to counteract the angle at which
it is set. This is done by making the angle of the fly cutter such
that the angle on a line parallel with the top of the forming tool
will be twice the pressure angle. The corrected angle of the side
of the fly cutter may be found by the formula:

sin &

Tangent of angle of side of fly cutter = m

where a = pressure angle and 8 = clearance angle.
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The included angle of the tool is twice the angle of the side,
and the height at which the forming tool is set above the center
of the cutter spindle is found by trial, by setting the fly cutter as
shown in Fig. 17 and bringing the forming tool to the height of
the tip of the fly cutter. This height is, of course, dependent on
the radius of the circle swept by the fly cutter. The fly cutter
should be set to sweep as large a circle as possible, to give the
least possible amount of concavity to the forming tool. The
shape generated by the fly cutter is nearly correct throughout the
thickness of the forming tool when the latter is thin as compared
to the sweep of the fly cutter; and the forming tool can be sharp-
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Fig. 17. Method -of Setting Fly Cutter to Obtain the Required
Clearance on the Forming Tool

ened by grinding across the top face without greatly changing -
its form. The clearance, as produced in the case of the fly
cutter set according to the preceding instructions, is not adapted
to work that requires side relief, as in the case of small numbers
of teeth, nor for bevel gear cutters.

This method of generating a forming tool is especxally valuable
when it is desirable to make cutters for any special number of
teeth, when a standard cutter is not satisfactory.
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PRECISION THREADING

The principal requirements for cutting an accurate thread in
the lathe are an accurately made thread tool, a correct setting of
the tool, and a lathe with an accurate lead-screw. In making a
U. S. standard thread tool a correct 6o-degree angle gage is
necessary. To produce such a gage, first plane up a piece of steel
in the shape of an equilateral triangle as shown at ¢ in Fig. 1.
After hardening this triangle, grind and lap the edges until the
three corner angles prove to be exactly alike when measured with
a protractor. This is the master gage. To produce the female
gage, make two pieces, one right- and one left-hand, like that
shown at b; harden them and lap the edges that form the 150-
degree angle so that they are straight, and square with the sides.
When this is done the two pieces should be screwed and doweled
to a backing plate d as shown, using the master triangle to locate
them, thus producing an accurate female gage.

In making up the tool, some form of cutter to be used in a
holder should be chosen in preference to a forged tool on account
of convenience in handling and measuring and the ease with which
it may be re-ground without destroying the shape. The tool
should be made so that the top will be level when in the holder,
and the clearance should be about 15 degrees, which is ample for
a single thread unless the pitch is very coarse. With that amount
of clearance, the included angle between the sides of the tool in a
plane perpendicular to the front edge is approximately 61 degrees
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