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GRINDING.

(PART 1.)

INTRODUCTION.

1. Definition of Grinding.—Generally, the term
‘*grinding " is used to designate the operation of reducing a ~
substance to a powder by friction or trituration. It is also
used to designate the act of sharpening tools. In the
present section, it will be understood to mean the polishing,
finishing, or sharpening of tools or metal parts (mostly hard-
ened steel) by means of revolving wheels composed of or
covered with angular grains of some abrading material that
is harder than the substance to be cut.

The grinding process is characterized by the fact that the
material removed is all reduced to a fine powder, and on this
account the amount of power necessary to remove a given
weight of material by grinding is greater than would be the
case with a machine tool that produced larger chips.

2. Grinding Materials.—All grinding is done by the
angular grains of some hard substance that are held in place
while doing the grinding by being bedded in a softer sub-
stance, or that are so cemented or united together as to
form a wheel or a rectangular mass.

Most grinding materials are used in the form of wheels,
and may be divided into the two classes, grindstoncs and
grinding wheels, the latter including all emery, corundum,
and carborundum wheels. There is another small class that
would then come under the heading of oi/stones.

§18
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2 GRINDING. g 18
GRINDSTONES AND OILSTONES.

GRINDSTONES.

3. Composition.—In the case of grindstones, the cut-
ting material is oxide of silica S/0,, or quartz sand, as it is
commonly called. The individual grains, in order that they
may be in proper condition for cutting, must be sharp and
angular. Asfoundin nature, the grains are bound together
either by a calcareous or lime cement, or by a silicate bond.
This bond must be of such nature and strength that when
the grains of sand become dull, the friction will tear them
from the stone and thus uncover fresh, sharp grains for the
work of grinding. Grindstones are simply natural sand-
stones of such texture that they are suitable for grinding
operations.

4. Localities Where Grindstones Are Obtained.
Many of the best grindstones used in the United States
come from Berea, Ohio; Huron, Michigan; or from Grind-
stone Island, Nova Scotia. All these localities produce
several grades of stones; the Nova Scotia stones are of all
grades, but most of the Berea stones are rather coarse.
There are also a few foreign stones used in the United
States, most of which are known as Liverpool stones. The
Liverpool stones vary in quality from medium to fine.

5. Action of Water On a Grindstone.—As grind-
stones cut more freely when wet, they are generally used
with water. The function of the water is, further, to carry
off the heat resulting from the friction between the stone
and the tool, and also to wash away any particles of the
stone and the steel that are dislodged by the grinding, and
that, if not carried away, would tend to fill up the small
spaces between the grains of the grindstone, and thus glaze
its surface.

Grindstones are softer when wet than when dry, and,
hence, a grindstone should not be left standing with only
one side in water, as this will cause the wet side to be worn
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away faster than the other when the stone is again used.
This is a point that should be carefully noted.

6. Grade of Stone Required for Thin Work.—For
grinding such pieces as mowing-machine knives, or any other
piece having sharp thin edges that the stone must cut freely
in order not to heat the work and draw the temper, it is nec-
essary that the stone be soft enough to wear away with such
rapidity as to keep the cutting particles at the grindstone
surface always sharp. :

7. Tool Rests for Grindstones. — For general tool
grinding, a rest is commonly used. A temporary or movable
rest, such as a block of wood, is regarded by some mechan-
ics as being the most desirable, because in case the tool should
catch, the rest would be thrown out, and the damage to the
stone or to the operator would be less than if a solid, per-
manent rest were used.

8. Grindstone Mountings.—In mounting the stone,
it is desirable to use iron flanges, about one-third the diam-
eter of the stone, that are so hollowed on the inside as
to bear upon the stone for an inch or more near their per-
ipheries. It is, however, quite common to mount the stone
without flanges, in which case the stone has a square hole
in its center, and the shaft, which is also square where it
passes through this hole, is surrounded by a bushing of wood
or babbitt. The accompany-
ing illustration, Fig. 1, shows
a grindstone mounted upon
a frame that has a trough
for water, and, also, a truing
device attached to it.

9. Automatic Tru-
ing Device.— The truing
device shown on the frame
in Fig. 1 works automatic-
ally, and can be applied
while the grindstone is in
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use, and removed when the stone has been trued. It is
applied to the face of the stone that moves upwards. By
turning the hand wheel a,
the threaded roll is brought
into contact with the stone
and kept there until the stone
is trued, the water, mean-
while, being left in the
trough. When the screw
threads become dull, they
can be recut. Fig. 2 shows
the truing device apart from
the frame, & being the threaded roll.

10. Truing by Hand.—All grindstones work out of
true, and in the absence of an automatic truing device, the
stone is sometimes trued by the use of an old file and a
piece of gas pipe, or by using a piece of gas pipe alone. If
the stone is badly out of true, it will be well to turn off the
surface with the tang of an old file held firmly on a rest
against the face of the stone, as shown in Fig. 3 (¢). This
will remove the high parts of the stone quickly, but will
leave the surface quite rough. A smooth surface may then
be produced by turning the face with a piece of gas pipe,
the size that is commonly used being #-inch to -inch pipe.
The pipe is held on the rest but rolled across the face of

———————

FiG. 8.

the stone, as shown at Fig. 3 (4). The finishing and turn-
ing on the stone is really done by the sand that is cut from
the face of the stone and that lodges in the soft iron of the
pipe, so that the process is actually that of stone cutting
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stone. In both cases, the stone should revolve in the direc-
tion indicated by the arrow.

11. Speed Used in Grinding Tools. — For tool
grinding, the grindstones are run at much less than their
maximum speed. For machinists’ tools, the peripheral speed
should be 800 to 1,000 feet per minute; for carpenters’
tools, 550 to 600 feet per minute. Another rule frequently
given is to run the stone at the highest speed at which the
water will not be thrown from its face by the centrifugal
force. The maximum speed is limited by the safe working
strength of the stone.

The following table of maximum speeds is given by some
authorities, and should not be exceeded except when a very
hard, strong stone is used, and then only when the stone is
well mounted with strong flanges, and is so located that
damage from bursting would not be likely to be very great.
The number of revolutions given correspond to a periphery
speed of nearly 3,400 feet per minute.

TABLE I

TABLE OF MAXIMUM SPEEDS.

Diameter of Stone. Rev;}?;::)t:? per
8feet........coviiin... 135
7 feet 6 inches........... 144
Tfeet....oovviion. ... 154
6 feet 6 inches........... 166
6feet................... 180
5 feet 6 inches........... 196
5feet.......cov.iiuua... 216
4 feet 6 inches........... 240
4feet................... 270
3 feet 6 inches........... 308
3feet................... 396
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12. Artificial Grindstones.—A few artificial grind-
stones have been made that have the advantage of being
more uniform in texture than natural stones. At the pres-
ent time, most of the artificial grinding disks are made of
emery or corundum, and are generally known as emcry
wheels. They have largely taken the place of sandstones
for grinding, except in some special lines of grinding, par-
ticularly where even a little heat injures the work, as in
the grinding of glass lenses.

OILSTONES.

13. Composition.—Natural oilstones, like grindstones,
are composed of quartz sand S70,, but the grains are finer and
are bound together in a different manner. The cementing
material or bond in oilstones is generally silica, and is more
in the nature of a glass or vitreous bond than is the case
with grindstones. In fact, most oilstone deposits are so
seamed with thin veins of quartz that it is impossible to get
any large stones or slabs, which is the principal reason why
grinding wheels are not made of this material.

The oilstone is of such a nature that the particles worn
from the stone are best removed by oil and the stone cuts
best when supplied with oil. Generally speaking, sperm oil
is the best grade to be used on oilstones, though a good
grade of machine oil can also be used.

14. Kinds and Qualities.—The classes of oilstones
on the markets in the United States may be generally
divided into Arkansas stones and Washita stones. The
Arkansas stones are very fine-grained and appear like white
marble. They are used for sharpening the finer grade of
instruments and produce remarkably keen, fine edges. The
Washita stones are much coarser in grain, with the color
sometimes white, but frequently having a yellow or red
tinge. The Washita stone is coarser than the Arkansas and
cuts more rapidly, but with greater delicacy than would
ordinarily be expected from one having so coarse a grain.
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The Washita stones are, as a rule, better for sharpening
wood-working tools than the Arkansas stones, while the
Arkansas stones are used more frequently in the machine
shop. The Washita stones can be obtained in larger pieces
than the Arkansas stones and are less expensive.

15. Artificial Olilstones. — Artificial oilstones are
now on the market. They possess several advantages over
the natural stones. Those sold under the name of /ndian
otlstone are composed of a peculiar grade of Indian corun-
dum, and, hence, have very good cutting qualities. One
special advantage is that some stones are manufactured
having one coarse face and one medium face, i. e., one half
of the stone is of one grade and the other half of another
grade, thus giving the advantage of two stones with only
one piece to look after. Then, too, the artificial stones can
be made in special forms, such as slips, cones, etc., easier
than natural stones. The artificial oilstones are also made
in any size, and, as a consequence, the larger sizes are not
extremely expensive, as is the case with the natural stones.
The artificial oilstones are also made in the form of wheels
similar to emery wheels, and either in the form of wheels or
flat slips, they can be used with oil or water as a lubricant.
At present they are manufactured in three grades: fine,
medium, and coarse. The fine grade is approximately
equivalent to the Arkansas stones, the medium grade to the
Washita stones, and the coarse grade cuts freer and faster
than either of the above.

GRINDING WHEELS.
ABRASIVE MATERIALS.

CORUNDUM.

16. Composition and Where Found.—Corundum
is pure alumina, or oxide of aluminum. It is crystalline in
structure, and has a hardness of 9, in this respect ranking,
among natural minerals, next to the diamond.
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NoTE.—In order to provide a convenient means of comparing the
hardness of minerals, a comparative scale has been adopted in which
10 minerals are taken to represent 10 degrees of hardness, and all other
minerals are compared with the members of this scale. The scale is
as follows:

1. Talc. 6. Feldspar.

2. Gypsum. 7. %uartz.

8. Calcite. 8. Topaz.

4. Fluorite. 9. Corundum or Sapphire.
6. Barite. 10. Diamond.

The gem sapphire is sometimes used in the scale in place of corun-
dum, but sapphire is only the gem form of crystallized corundum.
Talc is the softest of the minerals of the scale and can easily be
scratched with the finger nail, while diamond is the hardest substance
known.

It is found in considerable quantities in Georgia and
North Carolina, also in Canada; while small quantities have
been exported from India. In Georgia and North Carolina,
it occurs in masses in veins of rock, and also in beds in the
granular form known as sand corundum. In the latter case
it is mixed with clay and other impurities. In Canada, it is
found quite uniformly distributed through large masses of
rock that, when crushed, yields 10 per cent. to 20 per cent. of
corundum crystals.

Good commercial corundum shows by analysis from
40 per cent. to 80 per cent. or even 90 per cent. of the thor-
oughly crystallized aluminum oxide A/,0,; from 5 per cent. to
25 per cent. of aluminum silicate and imperfectly crystallized
aluminum oxide; from 2 per cent. to 6 per cent. of iron
oxide; about the same amount of free silica; and from
14 per cent. to 3 per cent. of water or other substances that
are driven off at red heat.

17. Properties.—When corundum occurs in masses, it
is either picked up on the surface of the mountain in
boulders of various sizes, or it is uncovered by blasting
away the rock. The mineral thus obtained is passed
through crushers and then through rolls until it is reduced
to grains of suitable size for making wheels, or for other
abrasive purposes. Afterwards it is frequently treated by
an abrading and washing process that removes the impuri-
ties from the grains or kernels of corundum. It is then



§ 18 GRINDING. 9

dried and graded by being passed over sieves of suitable
mesh to give the sizes desired. These sizes range from
Nos. 12 or 20 to 200.

18. Grading, and Meaning of Numbers Used.—
The numbers by which the grain of corundum is designated
is determined as follows: A No. 20 sieve, for example, is
one that has 20 meshes to a lineal inch, and No. 20 emery
is, theoretically, composed of kernels that will just pass
through the meshes of a No. 20 sieve. Practically, the ker-
nels of No. 20 are not all of a size, but are such sizes that
the largest will just pass through a No. 20 mesh, and the
smallest will not pass through the next smaller-sized mesh,
which may be that of a No. 22 or 24 sieve, according as the
grading is more or less close as to size. The numbers prin-
cipally used for making abrasive wheels are from 20 to 80
or 100. The finer numbers are used for polishing.

EMERY.

19. Composition and Where Found.—Emery con-
sists of corundum in combination with the protoxide of
iron. The presence of the iron gives the mineral a dark
color, and also makes the grains a little tougher and less
brittle than the grains of pure corundum. In hardness,
emery is generally rated about 1 degree lower than
corundum.

The principal sources of commercial emery in the United
States are the extensive emery mines at Chester, Massachu-
setts, and at Peekskill, New York; and in foreign countries,
the island of Naxos, belonging to Greece, and the emery
mines of Turkey, located near Smyrna. Good commercial
emery has from 40 per cent. to 60 per cent. of solid grains,
the remaining 60 per cent. to 40 per cent. being aluminum
silicate, iron oxide, silica, water, etc. in proportions that
vary with the kind of emery.

S. Vol. lll.—a.

¢
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20. Preparation.—Emery is mined, crushed, cleaned,
and graded in about the same manner as corundum, and is
sold in the market as Chester emery, Naxos emery, and
Turkish emery. It varies considerably in its degree of
purity, there being a difference in the quality of the ore
from different mines, and even from different parts of the
same mine. The process of manufacture, and the skill and
thoroughness with which the ore is treated for the removal
of impurities, also have much to do with its degree of
purity.

ARTIFICIAL ABRASIVES.

21. Carborundum.— The electric furnace develops
such a high temperature that it offers opportunity for ex-
periments to determine whether some artificial product may
be produced that will take the place of emery and corundum
for purposes of grinding. In 1893, Mr. E. G. Acheson pro-
duced in an electric furnace a substance that he named
carborundum, which is the only artificial abrasive that -
has thus far been extensively used. It is manufactured in
quite large quantities by The Carborundum Company at
Niagara Falls. Abrasive wheels are made of this material
by The Carborundum Company, but it is sold in the market
for various purposes, though not for the manufacture of
wheels.

Carborundum is carbide of silicon SiC, and is made by
surrounding a small core or cylinder of pure carbon with a
mass of coke and sand to which a little salt and sawdust is
added. A powerful electric current is then passed through
the carbon core, which, by its resistance to the current, be-
comes heated to a high temperature, and this temperature
is communicated to the coke and sand surrounding it. At
the high temperature thus obtained, the carbon and silicon
unite and crystallize, and when the furnace is cooled and
the core uncovered, it is found to be surrounded by a ring
of brilliantly colored crystals of carborundum.
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MANUFACTURE AND USE OF EMERY
WHEELS.

22. Use of Term Emery Wheel.—In speaking of
abrasive wheels, the common term ‘‘emery wheel ” will in-
clude also corundum and carborundum wheels, except where
some special quality requires particular mention of the
cutting material of the wheel.

23. Parts of Emery Wheel.—An emery wheel con-
sists of two essential parts; viz., the emery, or cutting mate-
rial, and the dond, or matrix. The sharp points, or corners,
of the grains of emery in the wheel constitute an indefinite
number of cutting points or edges.

24. Bonds for Emery Wheels.—In order that these
sharp and hard points may be effective in cutting away the
material presented to them, the grains must be firmly held,
just as a diamond point used for cutting glass must have
a suitable setting. The bond, or matrix, of the wheel "fur-
nishes this setting for the grains of emery. It must be
strong enough to form a wheel that will resist the centrifu-
gal force due to the high speeds at which the wheels must
be run to secure their greatest efficiency, and, also, must be
hard enough not to wear away too rapidly and let the grains
of emery loose before they have done their work. On the
other hand, the bond must not be too hard, or it will not
give way when the projecting corners of the grains of emery
have been reduced by contact with the work, and the wheel
will acquire a hard, smooth surface, with no cutting proper-
ties. The character and quality of the bond are, therefore,
of great importance in the manufacture of emery wheels.

CLASSIFICATION OF EMERY WHEELS.

25. Genecral Consideration.—Emery wheels may be
classified with reference to the material used for bond, the
principal varieties being as follows: (@) Wheels with a vitri-
fied bond, known as witrified wheels; (b) wheels with a
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silicate-of-soda bond, known as silicate wheels ; (c) wheels
with a shellac bond, known as gum or elastic wheels ;
(4) wheels with a rubber bond, known as vulcanite wheels ;
(¢) wheels with a celluloid bond, known as ce/luloid wheels ;
(f) wheels with a preparation of leather bond, known as
tanite wheels.

26. Vitrified Wheels. — The material used for the
bond in vitrified wheels is a mixture of certain clays and
fluxes. When these clays have been thoroughly mixed with
the emery in the proper proportions, usually by means of
water, the mass is dried sufficiently to allow of its being
formed into a wheel. This wheel is then put upon a fire-
brick disk and placed in a kiln where the temperature is
raised until the clay and fluxes begin to melt (probably about
3,000° F.), so that the whole wheel becomes one homoge-
neous mass. It is then allowed to cool, the bond becoming
essentially the nature of glass. This vitrified bond, thickly
studded with grains of emery, is a vitrified emery wheel.
The Norton, the abrasive, the sterling, the Grant, and the
safety are examples of vitrified wheels.

27. Slilicate Wheels.—When silicate of soda is used
as a bond, this material, after being prepared and mixed
with the emery, is tamped into a mold, and the bond hard-
ened by drying in an oven at a moderately low temperature,
say 325° to 400° F. The Detroit and the Scranton are exam-
ples of silicate wheels, though similar wheels are made by
several other companies.

28. Shellac Wheels. — Shellac wheels are made by
mixing the emery with a preparation of shellac, forming the
wheels in molds, and hardening them by heat at a low tem-
perature, say from 300° to 400° F.

29. Vulcanite Wheels.—In the manufacture of vul-
canite wheels, the preparation of rubber that forms the bond
is filled with emery and the mass made homogeneous by
being repeatedly passed between rolls. In the case of thick
wheels, several sheets, or layers, from the rolls may be used
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to form a single wheel. The wheel is then subjected to

hydraulic pressure and afterwards placed in a vulcanizer,
where it is exposed for some time to a degree of tempera-
ture sufficient to harden the bond. When the wheel is used,
the heat generated melts away the bond fast enough to
loosen-and drop out the kernels of emery as fast as they
become dull, thus keeping the wheel sharp.

30. Celluloid wheels are made by but one company.
They are strong and can, therefore, be run at high speeds.
Also, very thin wheels of this type may be used with safety.

31. Tanite Wheels.—Tanite is a substance that was
invented and first used for the manufacture of buttons,
combs, and fancy articles. When it was found to be a suit-
able bond for an emery wheel, the Tanite Company became
known as the manufacturer of tanite emery wheels. Tanite
is hard and strong at low temperatures, but soft and plastic
at high temperatures. Hence, a tanite wheel has somewhat
of the qualities of a vulcanite wheel; that is, when the wheecl
is used the heat softens the bond at its surface and releases
the dull kernels of emery.

PREPARATION OF EMERY WHEELS.

32. Bushing Emery Wheels. — In ordering emery
wheels, one of the dimensions that should be given is the
diameter of the spindle on which the wheel is to run. The
wheel is, therefore, made with a hole in the center some-
what larger than the largest spindle that is used to carry a
wheel of its size, and when an order is received, the wheel
is ““bushed ” to the size of spindle for which it is ordered.

The bushing is usually of lead. The wheel is placed in a
horizontal chuck with a bushing spindle of the required size
at the center of the chuck, and melted lead poured into the
annular space between the bushing spindle and the wheel.
As the emery wheel when sent out must have a perfectly
cylindrical surface, it is necessary in ordinary methods of
truing that the bushing be done before truing the periphery
of the wheel.
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33. Truing Emery Wheels.—Purchasers of emery
wheels generally demand that the wheels be not only round,
but of uniform thickness. In most processes of making
wheels, the shape of a wheel changes slightly when the bond
hardens. Sometimes the wheel warps, but it always shrinks
an uncertain amount. It is therefore necessary that the
wheels be trued both on their faces, to make them of uni-
form and correct thickness, and on their peripheries, to make
them true cylinders. Inasmuch as the wheel is made to cut
other substances, rather than to be itself rapidly reduced in
size, the truing is one of the most difficult and expensive
processes involved in its manufacture.

There are two principal methods used in truing. One
is to cut away the material of the wheel by means of some
harder substance than the wheel itself, as the diamond.
This method is expensive, and is impracticable for large
and coarse wheels. The other method is to use a dressing
tool made of steel or chilled-iron disks, either flat or conical,
that are free to revolve on a central spindle. This tool is
pressed against the revolving wheel, and as the disks of this
dressing tool revolve in rolling contact with the emery wheel,
the kernels of emery are dislodged, the action of the disks
of the tool being somewhat like that of a quick, sharp blow.

The action of the disk dressing tools upon an emery wheel
is similar to that of the stone cutter’s point tool, or chisel,
used in dressing stone; and just as a chisel, or point tool,
can be made to cut stone much harder than itself, so the
dressing tool can be made to break the projecting kernels
out of the rapidly revolving emery wheel, thus giving the
wheel an even surface.

34. The truing tool may be used as part of an auto-
matic machine, or it may be used as a hand tool. The
manufacturer, in preparing wheels for the market, frequently
uses the automatic machine. The user of emery wheels
should have a hand dresser, to true the wheels whenever
they wear a little out of round. Fig. 4 illustrates three
different kinds of hand tools for truing and dressing the
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peripheries of wheels, all of which are similar in their action.
They are composed of a handle a4, carrying a number of

> @ pt
(RO
(a) ®) [))F

Fi1G. 4.

hardened disks 4, which may be brought into contact with
the surface of the emery wheel. The projection ¢ serves as
a support for the tool when in use.

GRADING EMERY WHEELS.

35. Emery wheels are graded by a process in which the
hardness of the wheel relative to some arbitrary standard is
determined. The manufacturer grades each wheel as closely
as possible, and publishes in his catalogue an explanation of
his system of grading. The buyer, in ordering, must either
know the grade of wheel that will do his special work, or he
must describe the work and allow the manufacturer or
dealer to select it for him. On many kinds of work, a slight
variation from the correct grade will cause the wheel to
give poor results; the very best wheel for one kind of work
may be useless for another kind or quality of metal. The
user of emery wheels should, therefore, exercise much judg-
ment in the selection of wheels in order that they may be
adapted for the purposes for which they are to be used.
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36. Makers of vitrified wheels use as a system of des-
ignating grades, the letters of the alphabet, the first letters
indicating the softer wheels. To give an idea of the relations
of the grades to the work to which each grade is adapted,
Table II, published by The Norton Emery Wheel Company,
is given. This table agrees quite closely with the system
of grading that is used by most of the makers of vitrified
wheels.

37. Testing Emery Wheels.—Emery wheels some-
times break or burst while running, which accident, in the
case of a large wheel, is liable to do considerable damage,
besides endangering the life of the workman using it. In
most cases where a wheel breaks when running, a careful
examination of the conditions reveals some adequate cause
other than the inherent weakness of the wheel. To be sure
that the wheel is sound and strong when it leaves the fac-
tory, the manufacturer should test it by running it for a
short time at a higher rate of speed than will be required
when the wheel is in actual use.

38. The machine used for such testing must have a
cover for the wheel that will arrest the pieces if the wheel
should break. The centrifugal force acting to break a wheel
is proportional to the square of the number of revolutions
made by the wheel; therefore, if the speed is doubled, the
centrifugal force is quadrupled. It is customary, in testing
wheels for strength, to run them at nearly double their
working speed, such a test being almost sure to break a
wheel if it is not free from cracks or other defects.

39. The following table shows the number of revolutions
per minute for specified rates of periphery speed, also the
stresses per square inch on vitrified wheels at the specified
rates of speed. The usual working surface speed is from
5,000 to 6,000 feet per minute; the number of revolutions
corresponding to these surface speeds are given in the
table.
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GRINDING.

40. Applications of Grinding. —Emery wheels are
used for grinding all kinds of metals; also glass, porcelain,
rubber, wood, and leather, including the dressing of kid
skins that are used for making gloves. They are made in a
great variety of sizes that range from the small wheel used
by the dentist and weighing a fraction of an ounce, to wheels
3} feet or more in diameter and weighing 1,000 pounds.
They are also made in a variety of shapes for spécial
machines and work. Iron and steel castings, chilled rolls,
hollow ware, stove fittings, plow points, car wheels, armor
plate, tools for cutting metals and wood, and such special
tools as cutters, reamers, saws, etc.; also spheres and cyl-
inders for roller bearings, and the interior surfaces of cylin-
ders that must be accurately formed, such as the ‘“ Triple”
cylinders for the Westinghouse air brake, are all ground
with emery wheels.

The grinding machine is used successfully on the finest
work and also on the coarsest. A fine wheel will remove
.00001 of an inch of material from a cylinder, while a coarse
wheel will grind inequalities from the rough casting with
surprising rapidity and apparent ease. Many persons having
seen the rapidity with which a large coarse emery wheel will
remove irregularities from a casting have attempted to
substitute emery wheels for the lathe tool for roughing
out work, but as yet this method has not been a success,
as it always takes more power, and up to the present time
has cost more to reduce metal to dust than to chips. By
the use of very large, heavy, automatic machines using
large and heavy wheels, it may be possible to reduce the
labor and wheel costs so low that it will enable the grind-
ing machine to remove large amounts of stock, not only
faster, but cheaper than it can be done in the lathe.

41. Object.—The processesof modern grinding may be
said to have three principal objects; viz.: Firs?, the re-
moval, or cutting away, of stock from the piece to be
ground. Second, the bringing of pieces to exact specified
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dimensions. 77%ird, the production of a satisfactory finish
upon the surfaces ground.

42. Possibilities.— The latest improved automatic
grinding machines are demonstrating that large wheels
driven on rigid machines and with sufficient power will, in
many cases of cylindrical grinding, remove a considerable
amount of stock cheaper than it can be removed in a lathe.
Grinding machines are, therefore, likely to come into more
general use, because they can successfully compete with the
lathe where accurate work and smooth finish are required.
Indeed, the field for grinding by automatic machines has
recently been greatly enlarged by improving the design of
the machine and using larger wheels.

POLISHING AND BUFFING.

POLISHING.

43. Object.—Polishing differs from grinding in that it
is not done to remove material or change the size and shape
of the work, but simply to create a bright or smooth surface.

44. Polishing Wheels and Belts.—Polishing wheels
are usually made by covering the periphery of wooden
wheels with leather and gluing to this leather a coating of
emery. This is done by coating the leather with hot glue,
and before the glue becomes dry rolling the wheel in loose
emery until the emery ceases to adhere to it. When used,
such wheels are trued, in a sense, by holding an oilstone or
other hard substance against them while they are being
run. This levels the rough or projecting places.

Flat and curved surfaces are polished on the periphery of
wheels and more irregular objects are polished by holding
and turning them against leather belts covered with emery
and running over pulleys, these belts being wide or narrow,
tight or loose, according to the shape of the work.



§18 GRINDING. 21

When polishing, the work is held
in the hand and moved in such a
manner that the desired finish is
produced. Much practice is re-
quired to polish fine work, as it is
a matter of skill and touch on the
part of the workmen.

45. Enclosed Polishing
W heel.— Polishing-wheel ma-
chines are usually of a primitive
nature. Sometimes they are com-
posed simply of two uprights in
which are held wooden plugs hav-
ing holes in their ends that receive
the points of the polishing spindle.
There are, however, a few modern Fi6. 5.
machines for polishing, one of which is illustrated in Fig. 5.

The interior of the
base a is so formed
that the air-current
caused by the rotation
of the wheel when
running will remove
all dust caused in pol-
ishing and deposit it
on the floor behind
the machine or in the
water tank c¢. The
wheel & rotates in the
direction indicated by
the arrow. At the
back a shield & is so
arranged that it can
be adjusted to almost

- touch the face of the
wheel. This shield
PiG. 6. stops the current of
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air rotating with the wheel and turns one current down-
wards through the passage f, while another current passes
downwards through the passage g, but both air-currents
are discharged at the back of the machine through the
opening /. This machine was devised to polish small work.
The wheels used in it are covered with leather and coated
with emery.

46. Belt Polishing Machine.—Fig. 6 illustrates one
form of mount for a polishing belt. In this case, a pulley a
has been mounted on one end of an ordinary buffing-wheel
or grinding-wheel arbor. The belt 4 passes over this pulley
and the outer end is carried on the pulley ¢, which is sup-
ported upon a swinging arm 4 that is controlled by a
brace /. By meansof the brace f, the tension on the belt &
may be regulated. This belt is coated with glue and emery,
or any other suitable polishing material.

BUFFING.

47. Distinction Between Polishing and Buffing.
Sometimes buffing and polishing are considered one and
the same thing, but it is well to make a distinction between
them at the point where the finish becomes grainless.

48. Buffing Wheels.—The buffed or grainless finish
is obtained by means of soft wheels. These wheels are
sometimes made of felt covered with emery, but usually they
are formed of layers of cotton cloth that are cut into round
blanks about 12 inches in diameter, which have a hole in the
center. These round blanks are piled one above the other
until there are enough to form a wheel from 2 to 4 inches
thick. These are then placed on the arbor of the machine
and bound together at the center by collars and a nut. The
larger these collars are, the harder will be the wheel when
running; the smaller the collars, the softer will be the wheel
when running.
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It should be understood that when this wheel that consists
of layers of cotton cloth is in place on the arbor of the
machine, the edges of the cloth are presented to the work,
or form the periphery of the wheel. In use, this wheel is
revolved (if 12 inches in diameter) from 4,000 to 6,000 rev-
olutions per minute, according to the practice of the operator
who may be using it.

49. The object of using cloth in this manner is to give
a yielding wheel into the periphery of which the operator
can press the work, which usually is irregular. In this way
the cloth is made to rub every corner and curve of the work
and the lines of its motion are in all directions, thereby not
only polishing all corners and curves, but also giving a
grainless surface.

50. Cutting or Polishing Material Used in Buff-
ing.—The cutting or polishing material is used in the form
of a cake that is made by compressing tallow, or other
heavy grease, together with emery, crocus, flour emery,
rouge, and any other material that may be in vogue with
the particular operator, some using one kind and some
another; the coarser material is used for roughing and the
finer material for finishing and ‘‘coloring,” as it is known
in the workshop. This material is applied to the wheel by
holding it firmly against the edges of the cloth, as the wheel
revolves, until the edges become saturated; it is also applied
from time to time as the operator wishes to change the
cutting quality of the wheel.

51. Applications of Buffing. — Buffing is used for
plated ware and for the peculiar surface that is common on
bright vases, culinary articles, and lacquered surfaces.
Much buffing is done by first cutting down with a rough
material on the wheel. then finishing ready for plating. In
the workshop this finishing operation is called coloring.
In some of the finer grades of work, this is accomplished by
holding it against a very soft cotton-cloth wheel that has
no cutting material upon it. If the pressure and spced are
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suited to the substance of which the article is made, a very
bright surface will be produced.

It is a well-known fact that with plated ware the per-
fection of the surface after plating will never be greater
than the surface on which the plating is deposited. After
the article is plated, it is again taken to the soft buffing
wheels and colored, which removes all stains from the plating
bath and gives that peculiar luster that the operator calls
¢ color.”

Some work is first polished and then buffed, but in such
cases the material is usually hard, such as steel, while brass
and softer metals are not so treated.

52. Buffing-Wheel Mount.—Fig. 7 illustrates a light
buffing-wheel mount that may also be used for small emery
wheels. A rag wheel is
shown on the left-hand
spindle at a. In the style
shown, the wheel is mount-
ed on a bench stand.
Similar wheels are built
that are mounted on posts
that stand on the floor.
The machine is driven by
a belt that runs on the
pulley 4, and has provision for a second wheel at c.

Fi1G. 7.

53. Brush Wheels. — For polishing purposes, wheels
are frequently made that are surrounded by bristle brushes,
or brushes made of other materials. In using these wheels,
the material is applied to the brush either in the form of a
wash or a wax, as in the case of buffing wheels or rag wheels.
Brush wheels are more expensive than rag wheels and are
not extensively used in machine shops.

514. Leather Wheels.—Whecls for polishing purposes
are frequently cut from leather. For very small wheels,
disks may be cut from thick saddle skirting, while when

larger disks are required they are cut from walrus hide, "
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which can be obtained an inch or more in thickness and
makes an excellent polishing wheel. The polishing material
is usually mixed with oil or water, oil being preferred.

SELECTION OF GRINDING WHEELS.

55. General Remarks. — When selecting grinding
wheels, it is well to understand that the smoothness of the
surface required on the work depends on other conditions
as well as the size of grains of which the wheel is composed.
A fine-grained wheel does not produce a fine surface simply
because the wheel is fine. In fact, it may produce a very
coarse surface, and a coarse-grained wheel may produce a
fine surface, when of the right grade and used at a speed
best adapting it to the material being ground.

56. Grading of Grinding Wheels. — Emery and
corundum wheels are made in different grades of hardness,
and according to the standards of the Norton Emery Wheel
Company, the grade of vitrified wheels is denoted by letters,
A being the softest. The grades most commonly used are
J, K, L, M, N, O, P, and Q. The grades of elastic or gum
wheels are denoted by numbers, which range from 0 to 6,
each number being } larger than the preceding one; viz.,
0, 4,4 1, etc. Numbers 1 to 5 are those most commonly
used.

Other companies have other systems of grading. Some
grade their wheels from A to Z, A being extremely soft and
Z extremely hard. The Carborundum Company grade
their wheels from D to V, D being hard and V being
very soft.

57. Relation Between Grade of Wheel and
Work.— Hard-grade wheels retain their particles longer
than softer ones; therefore, the softer grades are said to
cut sharp, because the particles are torn out by the act of
grinding before they become dull, and thus new ones are
constantly being exposed to the work. Some kinds of work

S. Vol. [11.—3.
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require that these particles shall be torn out before they
become at all dull, while other kinds of work require that
they shall be retained until they become quite dull and
smooth. Between these extremes, there is a great variety
of work that requires a variety of grades of wheels.

Different materials and different shapes of work require
different sizes of grgin combined with different bonds and
grades of hardness. In general, the harder that the mate-
rial to be ground is, the softer must the wheel be, and the
coarser may it be. With steel, the hardness of the wheel
varies inversely with the softness of the material that is to
be ground. Brass, copper, and rubber require soft wheels,
and rubber very coarse ones. Hardened steel, cast iron,
and chilled iron require soft wheels in order that the parti-
cles of emery and corundum may be broken out as they be-
come dull and thus constantly present new ones to the
work. Brass, copper, and rubber require soft wheels in
order that the material being ground may not adhere to the
wheel, but that the particles of emery may be torn out be-
fore the brass or copper can adhere. Soft steel requires a
harder wheel than hardened steel, because the particles of
emery are not dulled so soon and, entering deeper into the
work, are torn out more readily. Hardened steel, cast iron,
and chilled iron require soft wheels because these materials
dull the particles of emery and corundum very quickly,
making it necessary to throw them away rapidly.

58. Glazing.—When grinding hardened steel with a
wheel that is too hard, the wheel will be worn bright and
smooth and will cut but little. This is known as glazing.
When soft steel is ground with a wheel that is too hard for
the work, the wheel will fill with steel; for, since the parti-
cles remain sharp and enter deep into the soft steel, they
cause the steel to adhere to them, especially if there is con-
siderable pressure on the wheel. Fine-grained wheels when
hard fill and glaze sooner than coarse ones of the same
grade; and, when soft, wear away faster than coarse ones
of the same grade when cutting the same depth.
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HAND GRINDING.

59. General Consideration. — The term hand
grinding is generally understood to cover those operations
in which the work is held by hand, pressed against the
emery wheel, and moved about either with or without the
aid of a rest. There is a class of machines in which the work
is large and stands still, while the emery wheel, which is
mounted in a swinging frame, is moved about so as to grind
the surface of the work.

60. Simple Hand Grinding Machine.—The grind-
ing machine used in foundries for smoothing castings, and
which is illustrated in Fig. 8, is perhaps the most common
type of a hand grinding machine. These machines are made
in a great variety of sizes, carrying wheels from 3 inches to
36 inches in diameter. The style shown is provided with

F16G. 8.

rests @ upon which the work may be placed while it is being
ground. For truing emery wheels, truing devices are per-
manently attached to the machine and shown below the
rests, ¢ being the axis on which the device works, & the
truing wheel, and 4 the handle by means of which it is con-
trolled. Whenever the wheel gets out of true, the truing
device can be brought into contact with the face of the
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wheel and moved across the face on the axis ¢, thus quickly
truing the surface of the wheel ¢. The wheels ¢ are driven
by means of a belt on the pulley f.

In some cases, similar machines are used where consider-
able skill is required to produce the work, but as a rule this
type is used only for comparatively rough work.

HAND SURFACING MACHINES.

MACHINES EMPLOYING EMERY WHEELS.

61. Table Machine. — The machine illustrated in
Fig. 8 is intended for rough work. Where approximately
flat surfaces are required
without special regard
being paid to the angles
between the faces, a ma-
chine of the class illus-
trated in Fig. 9 may be
employed. Theillustra-
tion shows one bearing
and one emery wheel of
a machine provided with
a surfacing table. The
emery wheel @ is mounted
on a shaft 4 driven by a
belt on the pulley &, one
bearing for the shaft being carried by the bracket ¢. Above
the emery wheel is mounted a table ¢ through which the
upper face of the wheel projects. As shown in the illustra-
tion, the table is provided with an adjustable fence f for
guiding the work on the surface. The table ¢ can be ad-
justed by means of the screw shown at the front of the
table, to make allowance for wear in the emery wheel or to
adjust the depth of cut taken. This machine will produce
approximate flat surfaces and is very useful for removing

Fi1G. 9.
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rough parts from flat surfaces, but is not especially adapted
for producing correct angles. The machine is limited to
work of such a size that can be easily handled and placed
upon the table.

62. Swinging-Frame Machine.—Where large work
is to be ground or polished, as, for instance, portions of
engine-frame castings and cylinders, and similar work
that frequently requires finishing, and where the work is of
such great size that it would be impossible to take it to the
emery wheel, a machine of the class illustrated in Fig. 10

FiG. 10.

may be employed. This machine consists of a bracket a
fastened to the ceiling that carries the countershaft on which
are placed tight and loose pulleys & and the pulleys¢. This
countershaft is driven by a belt on the pulley 4, while the
emery wheel is driven by a belt on the pulley ¢, which drives
the pulley ¢, which is permanently attached to the pulley f.
The belt on the pulley f drives a pulley on the emery-wheel
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shaft, thus imparting power to the emery wheel 2 The
swinging frame d is supported from the countershaft bear-
ings and the swinging frame g is counterbalanced by means
of a weight 72 and a suitable rope passing over the pulleys,
as shown. The emery wheel / is mounted on a shaft at the
end of the swinging frame g and is provided with a yoke /
and handles 7 and 4, by means of which its motion can be
controlled. The connecting portion # below the swinging
frame d is so arranged that it can swivel in the frame &, and
the portion connecting the swinging frame g with the shaft
carrying the pulleys ¢ and f is also arranged so that it can
swivel. The result is that the emery wheel / can be turned
to any angle or into almost any plane, either horizontal or
vertical. This enables the operator to grind both surfaces
and edges of the work, or to round corners. This class of
machine has found a great field of usefulness, especially in
the finishing departments of shops producing rather large
work, but considerable skill on the part of the operator is
required to produce a smooth surface with it.

63. Upright Surface Grinding. —Flat work may
also be ground by holding it against the side of an emery
wheel similar to that shown in Fig. 8, but this is rather an
awkward and difficult method of procedure and, hence,
emery wheels have been mounted on vertical axes so that
the work may be placed on the side of the wheel and thus
ground flat. Such machines are called wupright surface
grinders and are used to a considerable extent on some
classes of work.

DISK GRINDERS.

64. All machines using emery wheels have the com-
mon disadvantage that it is difficult to keep the surface of
the emery wheel true; hence, accurate work cannot be pro-
duced by this class of hand grinding machines without
placing the machines under special runners and providing
truing devices for the wheels. To overcome this difficulty,
the disk surface grinders have been brought out. A
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type of disk surface grinder is illustrated in Fig. 11. The
grinding is done by means of emery cloth secured to the
steel disks @. These
disks are from } inch
to } inch thick, are
ground perfectly true
and parallel, and are
provided with a spiral
groove on the side
running from the cen-
ter to the periphery.
Emery cloth is then
glued or cemented up-
on each side of these
disks. In cementing
the emery cloth on,
it is pressed firmly
against the disk so as
to bed it into the
groove. This provides a space into which any particles of
emery or grinding dust will pass and so prevent them from
scoring the surface of the work.

The disks are used until one side is dull and are then re-
versed and used until the other side is dull, when they are
replaced by other disks and the worn ones recovered. The
machine shown illustrates two principles of grinding that
may be employed. At the left-hand side of the machine there
is a simple flat table & whose upper surface is scraped at
exactly right angles to the disk; by holding any flat surface
upon this table, a surface at exactly right angles to it can
be ground by the disk.

65. The manufacturers claim that it is easily possible to
grind small work within the limit of .001 inch on these ma-
chines. When it is desired to grind at any other angle than
aright angle, an attachment similar to that shown at the
right-hand side of the illustration may be used. This is
provided with a graduated circle on the piece ¢ by means of
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which the table can be set at any angle to the disk. It is
also provided with a sliding guide & controlled by the han-
dle f which operates the feed-screw. By providing a stop
or indicator disk upon the handle f, the exact thickness to
which the work is ground can be gauged within .001 of an
inch; and by means of the graduated circle on the piece ¢,
the angle between the faces can be accurately determined.
This head is also provided with a balance weight g by means
of which it can be arranged to oscillate within limits, thus
swinging the work back and forth across the face of the
grinding disk and so reducing the liability of producing
scratches upon the surface. The disks are carried upon the
shaft % driven by the pulley 7. The machine is mounted
upon a substantial base, provided with a cupboard for con-
taining the grinding disks.

The disk grinding machine does not replace any particular
machine tool in the shop as much as it serves to do work
that is ordinarily done by filing, but it will be found possible
to do a large amount of work that is ordinarily done at the
bench on a machine of this class.

TOOL GRINDING.

HAND TOOL GRINDING.

66. General Consideration.—Under the heading of
hand grinding may be classed the grinding of tools for turn-
ing and planing metal. A number of different machines are
made for this purpose on which emery wheels are used;
some of these grind dry and some wet. The wet grinding
wheels may be divided into two classes, those that receive
their water from the pump system and those in which the
wheel runs in a trough or bath into which water may be
admitted. The dry grinding machines are comparatively
little used for tool grinding, because they are liable to draw
the temper of tools; hence, only the wet grinding machines
will be described.
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WET GRINDING MACHINE.

67. Methods of Supplying Water.—A representa-
tive tool grinding machine intended for wet grinding is
illustrated in Fig. 12. This machine is shown because it is
arranged to provide for a supply of water without the use
of pumps or pipes, and, also, because it has a truing device
arranged in a wheel guard. In Fig. 12 a section of the

FiG. 12.

machine is illustrated, showing the manner in which the
water is applied. The water tank  is filled with water
while the water trough a is raised to its highest level by
means of the screw 4 and the lever ¢, this water trough be-
ing pivoted at oneend. The water trough a surrounds the
lower partof the emery wheel and when in its highest position
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prevents water from wetting the wheel; as the trough a or
its forward end is lowered, it sinks into the surrounding
water and allows it to flow in around the wheel. The
trough is lowered sufficiently to obtain the amount of water
desired by the operator; the wheel throws the water out at
the rear, but an equal amount, of course, runs in at the
forward end of the trough, thus keeping the supply con-
stant.

68. Truing Device.—The truing device consists sim-
ply of a thread roll 2 mounted on the end of a rocking
lever, so that the operator can force it against the revolv-
ing wheel by means of the screw f. This truing device is
always ready for use.

69. Tool Rest.—The tool rest and guard in this style of
machine are shown at 7 and ¢. This rest is surrounded by a
guard ¢ so arranged with a balance weight that it normally
occupies the position shown. When the operator wishes to
grind a tool, he places it on the point g and presses it down-
wards until the tool comes in contact with the rest 2z When
the grinding is being done, the guard rises and prevents
water from spattering out in front, no matter how large an
amount of water may be supplied to the wheel.

MACHINE TOOL GRINDING.

TYPE OF MACHINES,

70. General Consideration.—With the growth of
machine manufacturing, replacing as it does the older
method of machine making, it has become the practice in
large machinery establishments to manufacture the lathe
and planer cutting tools in large lots. These tools are all
ground to the correct shapes and are ready for the work-
man to use. The old ones are reground and sharpened to
the standard forms and then placed in the tool room, where
they may at any time be obtained by the workman.
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The shapes of the tools vary in different establishments,
but usually each establishment fixes on standard shapes for
all their cutting tools and the operator follows the blue-
print of standards that is generally placed on the holders
shown at the right of the machine in Fig. 13.

This matter of machine tool grinding has become of so
much importance in the economy of cutting tools that it
may be dignified as a trade, requiring (as relating to the
establishment of standards and the grinding of these tools
commercially) considerable study and care. It is probable
that within a few years operators who are skilled in the art
of tool shaping and grinding as related to the economy of
cutting metal will be in demand.

There are two general classes of machines employed for
this purpose, one of which uses an ordinary emery wheel
and grinds the tools on the face of the emery wheel, while
the other employs a disk wheel and grinds the tools on the
flat face of the disk. The machine manufactured by
Wm. Sellers & Company, Philadelphia, is a good repre-
sentative of the first class, and that manufactured by the
Gisholt Machine Company, Madison, Wisconsin, is a good
representative of the second class.

Z1. Sellers Grinding Machine. — The Sellers ma-
chine shown in Fig. 13 is called a universal tool-grinding
and shaping machine. 'This machine is so constructed that,
with its fixtures and attachments, the accuracy of the form
to be ground is not dependent on the skill of the operator,
but is obtained by placing the various holders and attach-
ments at the angles required, these being graduated and
marked so that if the operator places them at the right
graduation and angles, the accuracy of the grinding will be
insured. When the tools are placed in the various holders,
the operator moves them against the wheel by the use of a
lever shown at a, Fig. 13. Water is supplied to the emery
wheel by means of a rotary pump, and on one side of the
machine is attached a diagram of instructions for obtaining
the standard shapes. This diagram is shown at 4, Fig. 13.
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The Sellers machine is designed to present a line contact
between the emery wheel and the work being ground. The
makers believe that it is absolutely necessary, in order to
efficiently grind steel tools by means of rapidly cutting
wheels, that the contact between the two should be a line

¥4 e
Flc. 18
and not a surface: hence, if it is desired to grind a plain
face of a tool, the wheel must have a cylindrical or conical
surface past which the surface to be ground must be moved
in a plane. They further state that the plane face of the
wheel cannot be used for this purpose because it and the
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surface being ground will soon coincide, with the result that
no cutting will be done, though considerable heat will be
produced.

Z2. The style of Sellers tool-grinding machine shown
in Fig. 13 is provided with a conical wheel ¢ and the tools
are held in a suitable fixture 4, one tool being shown at e.
Another style of machine manufactured by the Sellers Com-
pany is arranged to pass the work across the periphery of
an ordinary cylindrical emery wheel.

The Sellers machine will not only grind all angles and
circles with cone clearance, but it will also, by the use of
forms, grind irregularly shaped cutting tools. On this
account, it probably has a greater range than any other
machine on the market and is remarkably well adapted for
shops having a large variety of tools.

Z3. Gisholt Tool-Grinding Machine. — This ma-
chine works on an entirely different principle from the
Sellers and is intended only for grinding the regular angles
and circles with clearance. For this reason, the Gisholt
machine will not serve where an extremely large range of
tools is required. As in the Sellers machine, the accuracy
of the shape of the tool does not depend on the skill of the
workman, but is obtained by the different angles at which
the parts and various holders and fixtures are set, these
angles being read from a chart. Water is supplied to the
wheel on this machine by means of a pump, as in the Sellers.

The main point of difference between the two machines is
in the method of presenting the work to the wheel. The
Gisholt machine is illustrated in Fig. 14, where it will be
seen that the grinding is done on the face of a cup-shaped
wheel, the contact between the tool and the wheel being
a surface and not a line contact, as the wheel and the sur-
face being ground coincide. In actual practice, the grinding
is done rapidly without heating when the right grade and
grain of wheel are used and the work is moved past the
wheel in the right manner to accomplish the desired results.
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In this respect both machines are successful. The reason
for the success of this style of machine will be shown under
the heading ‘‘ Selection of Wheels for Tool Grinding.” The
depth of cut is regulated by means of a cross-feed controlled

Fi6. 14,

by a hand wheel 4 and the tool is carried back and forth
across the face of the wheel by means of the lever ¢. The
Gisholt machine is very simple and compact, as will be seen
by the illustration.

SELECTION OF WHEELS FOR TOOL GRINDING.

74. Grade of Wheel.—In selecting wheels for tool
grinding, as has been stated where the subject was under
discussion, it should be understood that the result to be
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obtained is dependent on many conditions in the wheel
aside from the size of grain. The grade of the wheel plays
a very important part in the manner in which it does its
work. A good illustration in this connection is the case of
the Gisholt and Sellers tool-grinding machines, which are
designed to use diametrically opposite methods, one using a
line contact only, to avoid heating and glazing, the other
using a surface contact, and also avoiding heating and
glazing.

75. In the case of the Gisholt machine, by using a cup-
shaped wheel and grinding against its flat surface, advan-
tage is taken of the possibilities of proper grading as
related to the work in hand; for it is true that as the
surface in contact becomes greater, the grade of the wheel
should become softer, and may be much coarser. In the
case of the Sellers machine, by using a line contact on the
periphery or conical portion of the wheel, the wheel can be
very much harder, which would be an advantage if the
operator was grinding tools of irregular form and wished to
preserve the shape of the wheel as long as possible. This is
true also .in many cases where it is desirable to have the
wheel remain intact, without change of form on the face.
The Gisholt machine is designed to grind flat surfaces,
which are passed entirely across the face of the wheel
at each stroke of the lever; hence, the face of the wheel is
maintained in correct form and the desired result is ob-
tained. At the same time, on the Gisholt machine the
wheel may be soft enough and coarse enough to cut
freely.

7Z6. The emery wheel for tool grinding should be soft
enough to cut freely without requiring too great pressure
and without glazing. If only very large tools that present
broad surfaces to the wheel are to be ground, the wheel
should be softer than if only those tools presenting very
small surfaces are to be passed over it. The exact number
of emery and the grade of wheel to be used in all cases
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cannot be given, because conditions vary so much. It is
safe to assume that wheels for this purpose should be so
made that the desired surface on the tool will be dependent
on the grade of the wheel rather than the grain; that is, the
wheels should be quite coarse and very porous, for, as has
been stated before, a coarse wheel will produce quite a fine
finish if of the right grade and run at the right speed for the
work in hand.

Z7. Some workmen prefer to use a coarse wheel for
shaping the tool, and a much finer one, quite soft, for a
slight cut to give the desired surface for a cutting edge.
In most cases, however, only one wheel is necessary, pro-
vided the workmen use an oilstone for the finishing touch.

Z8. The tendency among users of tool grinders is to
select wheels much too hard for the purpose. This is owing
to the fact that workmen almost universally fail to appre-
ciate the emery wheel, and do not understand how light a
touch is required to grind work very rapidly on a good
wheel. A soft wheel, suitable for grinding tools rapidly,
will remove a large amount of material instantly with a
very light touch of the tool upon it. But as workmen have
invariably acquired their experience by using grindstones,
they nearly always bear hard upon the emery wheel when
grinding tools. This will wear a good wheel very rapidly
and cut holes at intervals in the periphery. Thus itis that
the purchasers of emery wheels for machinery establishments
must select harder wheels than is necessary in order to
preserve them.

It is a common complaint among manufacturers of tool
grinders that they are obliged to send out wheels that are
much harder than the purpose requires. The three wheels
that are used quite commonly in tool grinders are the
following: Size of grain, No. 30, grade O; size of grain,
No. 36, grade N; size of grain, No. 45, grade N; all of them
being designated by the Norton Emery Wheel Company’s
standard.
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MACHINE GRINDING.

79. General Consideration.—Machine grinding may
be defined as the art of producing very accurate plane,
cylindrical, and conical surfaces by an abrading process
performed in an automatic grinding machine. Machine
grinding differs essentially from hand grinding in that the
accuracy of the surfaces produced by it is dependent almost
entirely on the accuracy of the machine in which the grind-
ing is done, instead of on the skill of the workman.

In the early attempts that were made to produce very
accurate plane, cylindrical, and conical surfaces, a common
emery wheel was mounted on a metal planer or on a lathe;
in fact, the first forms of grinding machines for cylindrical
and conical work were called grinding lathes. The early
attempts were far from satisfactory, and many persons sup-
posed that the errors frequently found in the work were inher-
ent to the grinding process, and could not be eliminated; in
other words, it was supposed that grinding was incapable of
producing true work. Painstaking experiments and a careful
study of the conditions convinced the pioneer advocates of
machine grinding that the faulty work produced was par-
tially due to the selection of wheelsilly adapted to the work
expected of them, and chiefly to defects inherent to the
machinery used. The machinery was gradually improved
and the defects were overcome; and with wheels selected
to suit the work, the grinding machine of today can be
truthfully said to produce round work as accurate as can
reasonably be expected and was ever hoped for; in addition
to this it was found that some lines of work could be finished
to exact size in much less time than by any other method.

80. Classification of Machine-Grinding Opera-
tions. — The different grinding operations for which a
grinding machine is used may be classified according to the
position of the surface operated on as external grinding and
internal grinding; or they may be classified according to
the character of the surface as surface grinding, which

S. Vol. 11],—4.
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term is commonly understood to be an abbreviation for
‘“ plane surface” grinding, cylindrical grinding, and conical
grinding.

81. External grinding may be defined as a grinding
operation performed on the outside surface of a solid; in-
ternal grinding, as the grinding of the inside surface of
a hole. The term surface grinding is almost invariably
understood to denote the grinding of a plane surface in a
machine where the work reciprocates in a straight line,
while the term radial grinding or disk grinding is
applied to the grinding of plane surfaces on work rotating
about its axis. Cylindrical grinding, as implied by the
naine, denotes the grinding of a cylindrical surface, which
may be the inside or the outside surface of a solid. Conical
grinding is a term that refers to the grinding of a tapering
solid of revolution, by solid of revolution being meant a
solid generated by the revolution of some plane figure about
a line as an axis. Thus, a cylinder is a solid of revolution
generated by revolving a rectangle about one of its sides as
an axis; a right cone is generated by the revolution of a
triangle about one of its sides, etc.

GRINDING SOLIDS OF REVOLUTION.

82. Governing Conditions.—The fundamental prin-
ciple underlying the grinding of solids of revolution is the
application of thousands of cutting points to the surface of
the work while it is being slowly revolved about its axis.
Each cutting point removes an exceedingly small amount
of metal; consequently, the pressure due to the cutting
operation is very light. It follows, therefore, that the dis-
turbance of the axes of the work and the wheel is corre-
spondingly small, owing to which fact the resulting solid of
revolution is exceedingly true.

If the grinding wheel is traversed along the surface of the
revolving solid in a straight line parallel to the axis of rota-
tion of the solid, the latter will be ground truly cylindrical;
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but if the line of motion of the wheel is at an angle to the
axis of rotation of the solid, the latter will be ground conical.
It is obvious that the grinding wheel may remain stationary,
and that the work may be traversed past it without affecting
the result.

In practice, the work or the wheel is made to travel in a
straight line by mounting either one on a carriage that
slides on straight guiding ways that are so designed as to
resist wear, and so protected against injury as to remain
true as long as the whole machine can reasonably be ex-
pected to last without overhauling and repair. When
grinding conical work, it is absolutely necessary that the
cutting be done along a line lying in the plane containing
the axes of the wheel and work, or, as commonly expressed,
the wheel and work must be at the same height above the
ways.

83. Classes of Machines Used.—There are two gen-
eral classes of grinding machines, which are called plain
grinding machines and universal grinding machines. The
plain grinding machines are designed especially for
manufacturing and are made as rigid as possible so as to
enable them to do rapid work. All unnecessary adjust-
ments are dispensed with and the machine is made with as
few joints as possible. This class of machines is intended
for grinding plain cylindrical or slightly conical work, such
as spindles, rolls, shafts, etc. In all cases the work runs on
dead centers. The universal grinding machines are
provided with more adjustments, and are adapted for grind-
ing internal or external work (either straight or tapered),
cutters, reamers, etc.

CONSTRUCTION OF GRINDING MACHINES.

84. Plain Grinding Machine. — Fig. 15 shows a
front and Fig. 16 a rear view of a plain grinding machine,
made by the Brown & Sharpe Manufacturing Company, of
Providence, Rhode Island. The entire machine is supported
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upon a rigid base . The carriage & can be moved along the
base by the hand wheel ¢ or arranged to move back and
forth automatically by setting the stops & and e at the de-
sired places. The table fis pivoted upon the carriage & so
that it can be brought parallel to the line of travel or set at
a slight angle for grinding tapers. One end of the carriage f
is graduated either in degrees or inches per foot, so as to

FIG. 15.

assist in setting the work to approximately the right posi-
tion, the final setting always being made by trial. The head-
stock g and footstock / are clamped to the carriage as shown.
The main bearing surface for both headstock and footstock
is vertical, as shown at 7. One object of this is to have the
main bearing for the headstock and the footstock parallel to
the center line of the work and so arranged that differences
in the pressure used in clamping the parts, wear, etc. will
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have as little influence on the alinement of the work as pos-
sible. Another object of this design is to so locate the bear-
ing surfaces that they will be protected from emery dust
and water without the use of guards that have to be adjusted
for every change in the length of the work being ground.

Fi1G. 16.

Both centers are dead, that is, they do not revolve. The
pulley 7 is driven by a belt from an overhead drum that is
driven by cone pulleys, so that the speed of the work can be
adjusted. The dead centers are shown at # and /. To assist
in supporting the work, fixed rests 7z and # may be used or
a follower rest may be attached to the armo. The grinding
wheel is carried upon the grinding-wheel slide p, which is
well supported from the floor. The grinding-wheel slide p
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is set on an incline so that it tends to slide away from
the work. This removes all danger of the wheel being

Fi0G. 17.

moved toward the work on account of any vibration. The
emery wheel ¢ is provided with a guard 7, and provision is
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made for flooding the work with water from the pipe s.
The water flows back to the tanks 7, from which it is
pumped to the work again. The emery wheel is driven
by belts from an overhead drum, and provision is made for
varying the speed of the wheel by a series of cone pulleys.
The table feed is driven by a belt on the cone pulley w.

The grinding wheel and grinding-wheel stand are moved
toward or away from the work by means of the hand wheel 7.
Back of the hand wheel ¢ is arranged an automatic cross-
feed mechanism that will be described later.

As previously stated, both the headstock and tailstock
centers are dead. This eliminates errors in the roundness
of the work due to want of roundness in the live spindle, and
any errors that might be caused by the live center running
out of true. Work ground carefully on dead centers can
be reversed end for end and will then run so true that even
a very sensitive indicator will fail to show any error. This
test is so rigid that it is very seldom that work done be-
tween centers, where one center is a live one, will pass it
satisfactorily.

In the machine described, the grinding-wheel carriage
stands still and the work moves past it. In the machines
manufactured by the Landis Tool Company, of Waynesboro,
Pennsylvania, the table carrying the work stands still and
the grinding-wheel carriage moves along the work.

85. Universal Grinding Machine. — A universal
grinding machine, as made by the Brown & Sharpe Manu-
facturing Company, Providence, Rhode Island, is shown in
Fig. 17. In this particular design of machine, the emery
wheel a normally remains stationary during the grinding and
the work is traversed past it. The guideways are formed on
top of the base &, and serve to guide a long carriage ¢ to
which the table & is pivoted. This table carries the head-
stock ¢ and footstock f, which can be clamped to it in any
position throughout its length. The emery-wheel stand g
is mounted on a slide that normally is at right angles to the
guideways on top of the frame. This stand g can be moved
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along its slide toward or away from the work by turning
the wheel ». The slide on which the emery-wheel stand is
mounted is pivoted to its base, to which it can be clamped
at any angle with the guideways that the construction per-
mits. This allows short conical work having a large in-
cluded angle to be ground; in that case the table & carrying
the work will remain stationary while the wheel is traversed
past the work.

86. In universal machines the headstock has a live
spindle to which a chuck or a face plate may be fitted; this
live spindle is driven by a belt from an overhead drum.
Provision is made for grinding on dead centers by placing
a loose pulley 7 on which a belt can be put, on the end
of the live spindle, and providing a suitable arrangement
for locking this spindle—in this case, a movable pin £ that
can be inserted into a hole in the pulley /. The headstock
is placed on a base to which it is pivoted in order to allow
the axis of the live spindle to be placed at any angle with
the table that the construction of the machine permits. This
adjustment permits conical work held in the chuck or face
plate to be ground without disturbing the setting of the
table or of the slide carrying the emery-wheel fixture. The
headstock base, bottom of grinding-wheel stand, and end of
the table are all provided with graduations. These gradu-
ations are used in setting the different parts of the machine
to approximately the desired angle for any work in hand.

The carriage ¢ is moved past the emery wheel by turning
the hand wheel s it is also provided with a feed that can be
automatically stopped at any point within the range of
motion of the carriage.

87. The footstock of a grinding machine serves the
same purpose as the tailstock of a lathe, but differs consid-
erably from it in its general construction. The footstock
spindle of a grinding machine, as a general rule, is provided
with some form of a spring that operates it and regulates the
pressure with which its center is pressed into the center of
the work. Such a regulation of the pressure contributes, in
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a large measure, to the accuracy of the work, inasmuch as
it prevents springing of the work by an excessive setting up
of the footstock center which a careless operator is very apt
to do. This spring also maintains a constant pressure on
the center, even though there may be considerable wear of
the center hole, or the work be lengthened by expansion.

88. Fig. 18 shows the construction of the footstock of
the grinding machine made by the Landis Tool Company.
A lever a is pivoted to the frame of the footstock; it carries
a pin & at one end that is placed in a hole cut into the
spindle ¢. The lower arm of this lever is acted on by a
plunger & and a helical spring ¢; this spring tends to move
the footstock spindle forwards. Obviously, the pressure
with which the footstock center presses against the work
is that caused by the tension of the spring ¢. The tension

FiG. 18.

of this spring can be regulated by means of the adjusting
screw f. For very small work, even the lowest tension of
the spring may cause enough pressure to bend the work, in
which case the pressure may be relieved to any desired ex-
tent by screwing the nurled relieving nut g against the end
of the footstock. If this is done, the operator must use
great care not to turn the relieving nut so much as to loosen
the work, which can be told by tightly grasping the work
and, while shaking it, observing if there is any end play.
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Footstocks are constructed in a number of ways by the
different manufacturers of grinding machines; itis believed
that all of them, however, contain a provision of some kind
for preventing an excessive pressure on the work in the
direction of its axis.

89. Overhead Arrangements. — Figs. 19 and 20
show the arrangement of the countershafts for the universal
grinding machine illustrated in Fig. 17. Fig. 19 (a) is a
front view, Fig. 19 (4) a plan of the overhead arrangements,

F1G. 20.
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and Fig. 20 an end view of the machine. A tight and a
loose pulley @ and a' are placed on the countershaft a”,
which is driven by belting it to a line shaft, and which can
be stopped and started by shifting the driving belt @’ by
means of the shifter 4. A cone pulley ¢ is keyed to the
countershaft @” and is belted to a ctone pulley & on the
emery-wheel countershaft &', which carries the cylindrical
pulley ¢ that is belted to and drives the emery-wheel shaft.
From this arrangement, it follows that the emery wheel is
stopped and started by operating the shifter 4. A cone pul-
ley ¢ is placed on the countershaft a”, to which it can be
attached by means of a friction clutch operated by the
shifter £. The cone pulley g is belted to a cone pulley /Z on
the headstock countershaft %', which carries the long cylin-
drical drum 7 that is belted to the headstock. Two separate
belts are provided for driving the work, one of which is used
for grinding on dead centers and the other for rotating the
headstock spindle for chuck work and face-plate work. The
belt that is not in use, as the belt » in this case, is removed
from the drum and hung up where it is out of the way.
The different feeds are driven from the headstock counter-
shaft 2’ by belting the cone pulley 4 to the feed cone pulley Z
By tracing out the belting, it will be seen that the work will
have a direction of rotation opposite to that of the emery
wheel. A rotary force pump is driven by belting it to the
pulley 7.

It is necessary in any grinding machine to so arrange the
countershafts that the speeds of the emery wheel and of the
work can be changed independently of each other in order
that the best speed may be obtained for each. The changes
of speed are usually obtained by placing the belts on differ-
ent steps of the cone pulleys.

90. Automatic Cross-Feed.—The best grinding ma-
chines are now fitted with automatic cross-feeds. This
feed differs essentially from that of a lathe, however,
in that its purpose is nof a constant movement of the
grinding wheel in a direction crossing the axis of the
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work. Rather, its purpose is to automatically advance
the grinding wheel a predetermined distance toward the
axis of the work as soon as the wheel or the work has
come to the end of its longitudinal traverse; the automatic
cross-feed is intended to repeat this operation a prede-
termined number of times and then automatically stop
the advance of the wheel toward the axis of the work. In
other words, the automatic cross-feed relieves the operator
from the necessity of feeding the grinding wheel forwards
after each cut, and, furthermore, when correctly set will
grind the work to the desired diameter and then automatic-
ally stop grinding, thus preventing the grinding of work too
small.

91. Automatic cross-feeds are constructed in various
ways, but the principle upon which they work can be illus-
trated by a description of the one illustrated in Fig. 21,
which shows the details of the cross-feed used upon the
machine shown in Fig. 17. The length of the table stroke
is controlled by the stops ¢ and 7, which operate the lever g,
thus reversing the table. The cross-feed is operated by the
mechanism attached to the lower end of this lever &. When
the hand wheel 4, a portion of which is broken away in the
illustration to show the details, is rotated in the direction of
the arrow, the grinding wheel is moved toward the work,
and when rotated in the opposite direction, it is moved away
from the work. The ratchet wheel a is attached per-
manently to the hand wheel and contains a slot # carrying
a loose ring. To this ring is attached a block /, the block
being pivoted to the ring at » and being provided with a
latch p, which is so arranged that when it is pressed against
the stop shown on its right, it will move the ratchet one
tooth. The latch p can be disengaged from the ratchet by
raising the left-hand end of the block /, provision for this
being made by the slot which surrounds the screw, as shown
in the illustration. The block / carries a shield », which, by
passing under the point of the pawl 4, can prevent its
engaging the ratchet wheel. The ratchet wheel is operated
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by means of the pawl 4, which is connected to the lever c,
the latter being pivoted at 4 and being operated by an in-
clined block that engages the lower end of the lever &. The
amount that this block engages the lever g is controlled by

FiG. 21.

the screw ¢ and stop /. By this means the lever ¢ can be
so adjusted that the pawl & will move the wheel through one
or more teeth at each end of the stroke, that is, whenever
the lower end of g is thrown across the V-shaped stop
upon c.

92. Having described the uses of the various parts, the
operation of adjusting the cross-feed may be described as
folows: The stroke of the table 4 is adjusted by means of
the stops ¢ and y, after which the hand wheel / is carefully
turned in the direction of the arrow until the wheel nearly
or just touches the work.  The stroke of the table is then
stopped, and without changing the hand wheel /% the screw o
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is loosened and the block / raised until the latch g is out of
contact with the teeth of the ratchet. The block / is held
in this position with the right hand, while with the left
. hand the pawl 4 is swung into the notches of the ratchet,
after which the block / is moved around until the point of
the throw-out shield » is just past the tooth occupied by
the pawl 4, the pawl being lifted out of the way to allow the
shield to pass. The block /is then let down so as to bring
the latch p into contact with the ratchet once more, and the
thumbscrew o tightened. The pawl & is then thrown back
against the shield 7, which will prevent its coming in contact
with the ratchet. The table stroke is next started, and if
the pawl 4 does not engage the teeth of the ratchet when the
lever g depresses the lever ¢, it may be made do so by press-
ing one or more times upon the latch p. This is done by
placing the thumb against the latch and the forefinger
against the projection extending up from the block /. The
pawl & will then turn the ratchet and hand wheel, thus feed-
ing the emery wheel forwards until it cuts the work, the
pawl once more coming to rest upon the shield ». Allow
the machine to run until the cut is practically ended, stop-
ping the table at the footstock end of the stroke with the
shifter and overhead brake. Now measure the work, ascer-
taining the quarter-thousandths to be taken off to bring it
to the correct size. Press the latch p once for each quarter-
thousandth of an inch; thus, for .003 inch, press the latch
12 times, start the table, and the pawl will move the ratchet
until the shield » prevents the pawl 4 catching another
tooth Allow the wheel to pass over the work until it shows
the same cut as when the measurement was taken and stop
the table at the footstock end, as before. If a suitable
wheel is used, the diameter will show a reduction of
.003 inch. If the work does not show this reduction, the
latch p is pressed once for every quarter-thousandth further
reduction necessary, and the machine started up once more,
as before. When the work is the right size, the pawl 4 is
thrown out and, without changing the position of the
block /, the hand wheel Z is turned in a direction opposite to
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that of the arrow for about one turn. This will remove the
emery wheel from the work. When the next piece of work
is in place and the table stroke started, the hand wheel is
turned in the direction of the arrow until the emery wheel .
just cuts, then the pawl 4 is thrown into the notches and
the machine allowed to continue its work until the shield »
has again stopped the feed by disengaging the pawl 4 from
the ratchet wheel. When the’'emery wheel shows the same
cut that it did when finishing the first piece, the machine is
stopped as before and the work measured. If the work is
large, the latch p is pressed as many times as the work is
quarter-thousandths large and the grinding continued until
the right dimension is obtained. After the wear of the
wheel has been determined, it is possible to press the latch p
the proper number of times before beginning the cut on each
new piece and thus finish the picce to the exact size at one
operation.

93. When setting the automatic cross-feed, it must be
remembered that the depth of each cut is dependent on the
number of teeth the ratchet is moved at the end of each
stroke. The number of teeth that the ratchet wheel is
moved at each stroke is controlled by means of the adjust-
ing screw ¢, which controls the movement of the lever ¢ and
the pawl 4. The throw-out shield r, by its position, simply
determines the total depth of the successive cuts, that is,
the total distance that the grinding wheel is moved toward
the work.

94. The diameter of the work produced by the auto-
matic cross-feed should be measured after the wheel has
stopped cutting, or when the amount of sparks given off
shows that it is cutting at the same rate that it did when
the previous piece was measured. The reason for this is
that the grinding wheel will continue to reduce the diame-
ter slowly for some time after the feed has been stopped.

95. The cross-slide on which the wheel of a grinding
machine is mounted must move quite freely in order that
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it may be moved an amount as small as .000125 inch. In
order to keep the wheel slide in good condition, it should be
oiled with good oil each day and moved throughout its entire
length during the operation, so as to insure thorough lubri-
cation. If the wheel slide is allowed to remain stationary
for some time without lubrication, it may be necessary to
clean the parts before they will work freely again, though
usually the working of a good quality of oil through the oil
holes and the moving of the parts throughout their entire
travel several times will put the working parts in good
condition. ‘

96. The automatic cross-feed is a valuable addition to
the grinding machine, on account of the fact that it not
only enables the operator to attend to other details while
the piece is grinding, thus saving much time, but by uniform
movement it maintains the proper condition of the emery
wheel and increases its sizing power. This latter feature is
one that has received very little attention in the past, but is
of great importance if it is desired to finish duplicate pieces.

S. Vol. 111.—;.






GRINDING.

(PART 2.)

GRINDING SOLIDS OF REVOLUTION.

ADVANTAGES OF GRINDING.

1. When grinding machines were first designed, they
were used almost entirely for hardened work, the prevailing
idea being that grinding was a refined perfecting process
suitable only for the finishing of hardened work that re-
quired a great degree of accuracy. This idea still prevails
in many quarters, but it is incorrect, since experience has
shown that whenever a suitable grinding machine is intelli-
gently used the accuracy that may be atfained when soft
work is finished by grinding is accompanied by a reduction
in the cost of the work over that which has been accom-
plished by other processes. Thus, many kinds of cylin-
drical work, such as shafts, spindles, studs, arbors, etc. that
are made of soft steel may be turned to nearly the finished
size, and then by careful filing, followed by an intelligent
application of emery cloth, brought to the correct size. By
using a grinding machine, however, most of the cost of the
files and emery cloth is eliminated from the charges against
the work; furthermore, the quantity of metal left for finish-
ing can be removed much faster by grinding than by filing
or turning in the lathe, at least on work that is within the
capacity of the grinding machine.

§ 19
Copyright, 1001, by THE COLLIERY ENGINEEK COMPANY.

Entered at Stationers' Hall, London.
All rights reserved.



2 GRINDING. §19

2. It has been shown in actual practice that a grinding
machine fitted with a 12-inch grinding wheel, which is a
common size, will reduce a cylindrical piece of steel from
.005 inch to .012 inch in diameter in less time than would
be consumed in reducing the diameter an equal amount
in a lathe. With especially heavy and powerful grinding
machines, a greater amount than that named above can be
removed.

3. While the grinding machine may in the future be
developed sufficiently to adapt it for roughing out work, it
is not developed enough for that at present, and the work
must come to the grinding machine roughed out to within
.005 inch to {% inch of the finished size in order that the
machine may not work at a serious disadvantage. When
the amount of metal to be removed is within the limits
stated, grinding is not only an economical, but is also a very
desirable, finishing process on account of the great accuracy
attainable.

4. An emery wheel having a diameter of 18 inches and
a face # inch wide, when running at its ordinary speed, pre-
sents approximately 2,500,000 cutting points to the work
in 1 minute, and a wheel of the same diameter, but having
a face 1% inches wide, presents about 5,000,000 cutting
points to the work in the same period of time. Each of
these cutting points removes a very small amount of metal;
but when the aggregate amount is considered it is compar-
atively large. Furthermore, in modern grinding machines
the cutting points pass over from 1 to 4 square feet of sur-
face per minute. The statements just made will serve to
explain why, within reasonable limits, the grinding machine
can remove metal faster than the lathe, with its single
cutting point.

&. The purposes and advantages of machine grinding
may be briefly summed up as follows: In the first place, it
is economical to finish work to size by grinding; in the
second place, the accuracy attainable is very great. The
first advantage named is, today, the most important one,
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and fits the grinding machine for manufacturing purposes
on work within its range and capacity; accuracy is given
the second place, because the accuracy readily attainable
by grinding is far beyond that which is necessary on most
duplicate work.

SELECTION AND USE OF GRINDING WHEEL.

SELECTION OF WHEEL.

6. Grade.—In order that the grinding wheel used in
machine grinding may cut freely, that is, with little or no
pressure, it is desirable that the wheel be ‘‘ self-sharpening.”
A self-sharpening grinding wheel is one in which the dulled
particles of the abrasive material break away readily during
the grinding operation, and the ease with which these par-
ticles become detached, or the resistance that they offer to
breaking out, determines the grade of the wheel. Thus, if
the particles break away readily, the wheel is said to be
soft, while one that offers considerable resistance to the
detaching of the dulled particles is called hard. From
this explanation it should be plain that the terms ¢‘soft "
and “‘hard,” when applied to a grinding wheel, do not refer
to the relative hardness of the abrasive material, but merely
to the facility with which the dulled particles become
detached.

7. Causes of Glazing.—It is evident that the longer
the dulled particles are retained, the duller will they become,
and that, consequently, more pressure will be required to
make them cut. Undue dulling of the particles is also
caused by an excessive speed. The dulling of the particles
manifests itself by the glazed appearance of the cutting sur-
face of the grinding wheel, and by considering the causes
of thjs glazing we would be justified in drawing the conclu-
sion that a wheel that glazes rapidly is either too hard for
the work it is performing or is run too fast. A wheel that
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requires much pressure to make it cut will not produce the
best results, no matter how rigid the machine in which it is
used may be, for the reason that the pressure of the grind-
ing will disturb both the axis of the wheel and the axis of
the work.

8. Infiuence of Hardness of Material.—Since dif-
ferent materials vary in their hardness, the rate at which
they will dull the grinding wheel also varies. Naturally,
the harder material will dull the abrasive substance incorpo-
‘rated in the wheel more rapidly than will the softer material;
from this we may draw the conclusion that tie larder
the material is, the softer should be the grade of the grinding
wheel. Because of this fact, it should be remembered, when
considering the working of different grades of steel, that
since high-carbon steels are harder than steels containing
only a low percentage of carbon, they require a softer grind-
ing wheel, while low-carbon steels can be advantageously
ground with a wheel that is harder and denser.

9. The different high-carbon steels of the variety known
among shopmen as ‘‘tool steel” vary but little in their
relative hardness, and, consequently, a wheel suitable for
one kind of such high-carbon steel will work satisfactorily
on most other grades of such steel. Steel that is low in
carbon, commonly called ‘‘machinery steel” by shopmen, is
quite soft, and experience has shown that it can probably
be ground best by using a combination wheel, which is
a wheel in which several sizes of grains are incorporated.
Thus, a wheel in which No. 36, 46, 60, 80, and 100 emery
is incorporated is a combination wheel that is suitable for
some kinds of work.

10. Influence of Vibration of Work.—The steadi-
ness of the revolving work while it is being ground must be
considered in deciding on the grade of the wheel that is to be
used. If the work vibrates somewhat, the wheel should be
harder than if the same work was perfect!y free from vi-
bration. The reason for using a harder wheel is that the
vibration of the work has the same effect on the cutting
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surface of the wheel as a succession of hammer-blows, which
would break the particles of the abrasive material away too
rapidly if a soft wheel were used.

DIRECTIONS FOR SELECTING WHEELS.

11. In order to aid the grinding-machine operator in
selecting a suitable wheel, the Landis Tool Company publish
the directions given below, where the grade of the wheel is
given in accordance with the standard of the Norton Emery
Wheel Company.

12. Wheels for External Grinding.—For grinding
hardened steel, in roughing it down to nearly the desired
size, use a No. 60 emery wheel, grades K to M; for finish-
ing hardened steel, according to the degree of finish desired,
use a No. 60, 80, 100, 120, or 150 emery wheel of the grades
I to M. For roughing soft steel down to nearly the finished
size, use wheels from No. 46 to No. 60 of the grades M, N,or O;
and for finishing soft steel, use, according to the degree of
finish desired, wheels from No. 60 to No. 180 of the grades L
or M. For roughing cast iron down to nearly the finished
size, use wheels from No. 46 to No. 60, and of the grades G
to K; for finishing cast iron, use wheels from No. 60 to,
No. 80 of the grades K to M. To finish brass or bronze,
use a wheel from No. 60 to No. 120, according to the degree
of finish desired, and of the grades F to K.

13. Wheels for Internal Grinding.—For roughing
out soft or hardened steel, use a wheel from No. 46 to No. 60
of the grades G to K, and for finishing soft or hardened
steel, use a wheel from No. 60 to No. 100 of the grades E
to F. For roughing out brass or bronze, use the same
wheels as for roughing out steel; for finishing brass or
bronze, use, according to the degree of finish desired, a
wheel from No. 80 to flour emery of the grades E to F.

14. The directions here given should be considered
merely as an aid in selecting a wheel. The results must be
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observed and the wheel then changed to suit, if found un-
satisfactory. The Brown & Sharpe Manufacturing Com-
pany recommend that for internal grinding only corundum
wheels be used.

15. Shapes of Wheels.—Emery wheels and similar
grinding wheels are made in various shapes by the different
manufacturers; some of the shapes most commonly used in

(a)

(d)

N E—
(e) a

(¢7]

(9) (h)
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machine grinding are given in Fig. 1. Wheels having the
shape of a flat circular disk with a small central hole, as
the one shown in Fig. 1 (@), are used for external grinding,
the cutting being done by the periphery. The wheels most
commonly used on universal grinding machines have large
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central holes, as shown in Fig. 1 (4). Such wheels are
mounted on special arbors or upon bushings on an ordinary
arbor. Cupped wheels like the one shown in Fig. 1 (¢) are
usually mounted directly upon the spindle and are used for
surface grinding, the face @ being used for this purpose.
Sometimes these wheels are made without the shoulder for
attaching them to a spindle, in which case they are simply
plain cylinders. Such wheels are mounted in a chuck and
used for surface grinding. If the wheel shown in Fig. 1 (&)
had a face several inches wide, it could be used for surface
grinding by mounting it in a chuck, the work being done
upon the face a. A wheel that has the shape shown in
Fig. 1 (d) is used for grinding close to the shoulder of work
that has a very large flat shoulder; the shape of the wheel
permits this to be done since it allows the face of the nut
that fastens the wheel to the spindle to come below the
face a of the wheel. The grinding is done by the periphery
of the wheel. :

168. A narrow conical wheel, like the one shown in
Fig. 1 (¢), is much used for grinding the clearance of ream-
ers, milling cutters, and similar cutting tools in cutter-grind-
ing machines, in which case the wheel is used dry. The
narrow face of this wheel will not grind as fast as a
wide-faced wheel, neither will it generate as much heat,
which fact makes the narrow-faced wheel more suitable for
dry cutter grinding than the wide-faced wheel. A beveled
wheel of the shape shown in Fig. 1 (/) is much used for
sharpening the teeth of narrow formed cutters, as, for in-
stance, gear-cutters; the grinding is usually done by the
inside face, the conical surface @ just clearing the back of
the next tooth of the cutter. A recessed wheel of the form

‘shown in Fig. 1 (g) is used for grinding a square shoulder
on cylindrical work, and like the cupped wheel illustrated in
Fig. 1 (c), it can be used for surface grinding on light work,
such as the measuring surfaces of caliper gauges. For in-
ternal grinding of small holes, the wheel may assume the
shape shown in Fig. 1 (%).
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17. As far as the shape of the face of the wheel is con-
cerned, the wheel may be turned with a diamond tool to
almost any form desired. For regular work in automatic
grinding machines, the cutting face of the wheel is usually
either a flat surface, as the side of a wheel, or the surface
of a cylinder. 'T'hese two elementary forms are modified to
suit special conditions.

SPEEDS AND FEEDS.

18. Surface Speed of Grinding Wheel and Work.
The relation between the surface speeds of the grinding
wheel and the work will become clear when we consider as a
parallel case the relation between the cutting speed of a
milling cutter and the feed of the work ina milling machine:
since the act of revolving a piece of work in the grinding
machine may be likened to the feed of the work in a milling
machine, while the cutting points of a grinding wheel may
be likened to the cutting edges of a milling cutter.

19. Suppose that a milling cutter is cutting steel, run-
ning at a surface speed suitable for a proper maintenance of
the cutting edges; there is then one particular feed of the
work at which the cutter will work at its best, and if this
rate of feed is increased too much, the teeth of the cutter
will be broken off. If the milling cutter is speeded too
high, the heat generated by the cutting operation will be
sufficient to draw the temper in the cutting edges, which
are rapidly dulled in consequence of the excessive speed.
Also, if the milling cutter is speeded to the proper cutting
speed while the work is fed so slowly that the cutter may be
said only to rub the work instead of taking a distinct chip,
its cutting edges will be rapidly dulled.

20. Considering now a grinding wheel, if we revolve it
at the proper speed but revolve the work too fast, there will
be too much stress upon the cutting points (the particles of
the abrasive material), which, consequently, will break
away, thereby rapidly changing the diameter of the wheel.
This change in diameter will produce a corresponding change
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in the diameter of the work. In other words, too great a sur-
face speed of the work reduces the diameter of the wheel
too rapidly and thus destroys its sizing power.

21. When the grinding wheel is run at too high a speed
while the work is revolving at a proper speed, the wheel will
rapidly dull and become glazed on account of the heat gen-
erated. In the case of a grinding whecl running at the
proper surface speed, but on work that is revolving too
slowly, the wheel will dull rapidly because there is not
enough stress on the cutting points to break them, and this
dulling will be intensified by the heat that is generated.
When the wheel is run at too low a speed, the speed of
grinding is proportionately reduced.

22. Practice has shown that for the grinding wheel
a surface speed of 6,000 feet per minute is suitable for
hardened steel, cast iron, and chilled iron. For grinding
soft steel and other metals except those named, the grinding
wheel may be given a surface speed of 7,000 feet per minute.
The average surface speed of the work is 100 feet per
minute, but it may be considerably higher under certain
conditions. For instance, suppose the operator to have a
wheel in his machine that was suitable for a job just fin-
ished, but which is a little too hard for the new work. In
such a case, provided of course that the difference in the
grade of the required wheel and the available wheel is not
too great, the operator may, by slowing down the speed of
the wheel and increasing the speed of the work, get satisfac-
tory results.

23. Chatter Marks. —It often occurs in machine
grinding that the ground surface has a peculiar wavy
appearance to which operators have given the name of
chatter marks. These marks may be due to a number of
different causes, each one of which may act by itself or in
conjunction with the others. The most common causes are
improperly supported work, looseness of the grinding-wheel
spindle in its bearings, and too hard a wheel. Work lacking
inherent stiffness should be supported by proper steady
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rests; a loose grinding-wheel spindle can be cured by
tightening the bearings; but a wheel that is too hard is best
replaced by a softer one. Asa makeshift it is often possible
to make a hard wheel cut without chattering by turning
down the wheel with a diamond, and so narrowing its cut-
ting surface. If this is done, it must be remembered that
the amount of work that can be done per minute is lessened,
since the amount of material removed by a grinding wheel
depends directly on the width of the cutting surface in con-
tact with the work. From this it follows that a reduction
in the width of the wheel calls for a finer feed.

24. In some cases, the ground surface may have a
mottled appearance, or it may be full of ridges that are
either parallel to the axis of the work or wind around it
like a thread. This appearance of the work is due to any
one of a number of causes, among which may be mentioned
vibration of the piece, too slow or too fast speeds for the
wheel or work, centers not in good contact, inequalities in
the stock, work not suitably supported, or a glazed wheel.
When a wheel is glazed, it is probable that there are one
or more spots on the circumference of the wheel that are
sharper than the remainder; these sharp spots may be
likened to the cutting edges of a milling cutter that has but
few teeth. In consequence, the cutting is intermittent,
and the ridges, which may be likened to the revolution
marks of a milling cutter, appear. The best remedy is to
select a softer wheel.

25. Truing the Wheel.—It is essential to good grind-
ing that the grinding wheel should run very true and bear

F1G. 2.

evenly against the work over its entire cutting surface. A
diamond tool is absolutely necessary for truing the wheel,
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a good form of which tool is shown in Fig. 2. A small
diamond « is set centrally into the end of a cylindrical rod
or shank 4, to the other end of which is fitted a suitable
wooden handle. Sometimes the diamond is set into a rect-
angular shank, but if this is done, the diamond can be used
in only two or four different positions, and hence the round
shank is better for general work.

286. There are various ways of applying the diamond-
pointed tool to the wheel. Some machines have devices for
holding it, but in practice a grinding-machine operator will
usually find it more convenient to do the turning by hand,
resting the tool on the footstock center and steadying it by
bearing against the end of the work, the latter being sta-
tionary. While holding the diamond tool steadily in place,
the revolving wheel is moved back and forth past the tool,
or vice versa ; with a little care, it is quite easy thus to pro-
duce a true running wheel that has a cutting surface parallel
to the line of motion.

27. Beginners are very likely to overlook the necessity
of having a wheel run exactly true and having it cut evenly
throughout its width; if this is not the case, the wheel is
very liable to make a cut so rough that a beginner will
misjudge the wheel and pronounce it too coarse and un-
suitable for the work, while in reality the same wheel if
properly trued would produce an even and smooth surface.
If the wheel does not cut over its entire surface, i. e., if the
cutting surface is not parallel to the line of motion, it is
not possible to feed at the proper rate without showing dis-
tinct feed-marks in the form of spiral lines running around
the work. The beginner is likely to attribute these feed-
marks to too rapid a feed, when in reality they are due to an
improperly trued wheel.

INFLUENCE OF TEMPERATURE.
28. Local Heating and Its Prevention.— When
grinding solids of revolution in a grinding machine, the
work and the wheel are often flooded with water for the
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purpose of carrying away the heat generated by the grind-
ing operation. The work is thus kept at a temperature that
is uniform enough to prevent a sensible change in the out-
line of the work.

. 29. Any one who has done lathe work knows how hot
the work becomes under the influence of the cutting opera-
tion; and as in grinding, the cutting is done much more
rapidly, and, besides, by a great number of cutting points,
the local heating of the work at the place where the grind-
ing is being done is more pronounced. Now, even if the
rise in temperature is so slight that the bare hand cannot
detect it, a local heating of any piece of work will cause
a change in the outline of the piece that is greater than
is ordinarily supposed. This change in outline becomes
very apparent in a grinding machine, in which under proper
conditions a grinding wheel is capable of showing an error
as small as.000005 inch, the error becoming apparent.by the
increase or diminution of the sparks coming from the wheel
when cutting.

30. The influence of local heating on the quality of®the
work is well shown when an attempt is made to grind dry a
slender cylindrical piece of steel between centers. As the
grinding passes back and forth over the work, the operator
will notice that sometimes the wheel is grinding more on
one side of the work than on the other, and at other times,
it will grind on one side only. Passing over the work
again, the wheel may cut on the opposite side, then it may
cut at right angles to where it last cut, and so on. No
matter how long the grinding continues, the cylinder will
not become round.

31. The following considerations explain why the work
does not become round. Suppose we hold a round bar or
piece of steel in our hands and press a point about midway
between its ends against an emery wheel. Then, the grind-
ing will cause a local heating at the point in contact with
the wheel, and, consequently, the side of the bar that is
toward the wheel will elongate, thus causing the ends of the
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bar to curve away from the wheel. Now assume that the
bar of steel is placed between centers in a grinding machine,
and that the wheel is again cutting midway between the
ends. Then, as in the previous case, the side of the bar in
contact with the grinding wheel will elongate, but as the
ends cannot curve away from the wheel, since they are
held by the centers, the middle of the bar will curve zoward
the wheel. The fact that the bar may be revolving does
not alter the case, since the point where the grinding is
taking place is always hotter than the opposite side of the
bar. If the wheel is passed back and forth over the bar, it
is easily seen that the side of the bar where the sparks show
will be counstantly elongated, and if the piece being ground
is entirely free from internal stresses and of absolutely uni-
form density, it will be ground round, but smallest at the
middle. Unfortunately the ideal condition of a piece of
work free from internal stresses and of uniform deusity does
not occur in practice; and, in consequence, the elongation
of the bar will not be uniform throughout each revolution.
Hence the bar will bend a varying amount toward the wheel,
and as this is still further varied by the additional heat due
to the increased depth of cut, owing to greater elongation at
certain points, the result is a bar that is neither round nor
straight.

32. The remedy for the troubles due to change of tem-
perature is simple: flood the work with sufficient water to
maintain a uniform temperature and use a suitable wheel.

33. Noting the Sparks. — In regard to the sparks
being an indication of the grinding, it may be interesting
to know that the amount of metal that is removed when
sparks are just visible has been ascertained by experiment.
A hardened-steel plug gauge about 1 inch in diameter was
placed between the centers of a grinding machine and was
carefully ground to run true, allowing it to pass back and
forth past the wheel until all sparks ceased. Its size was
then noted by careful measurement in a standard measur-
ing machine and it was again placed in the machine. The
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grinding wheel was now very carefully moved toward the
work until sparks just became visible and was then passed
back and forth past the wheel until all sparks ceased. By
carefully measuring the work again, it was found that the
piece had been reduced .00001 inch in diameter, which
showed that the depth of the cut was only .000005 inch.
This experiment showed that the grinding wheel when
used in a good machine is one of the most sensitive indica-
tors of error.

34. When grinding work, the operator can judge the
accuracy with which it is being ground by noting the in-
crease or decrease in the volume of the sparks during the
revolution of the work, and an experienced operator can
closely tell the amount of error from the relation between
the depth of cut and the volume of sparks. This relation
can only be studied in actual grinding by noting the volume
of sparks emanating from a grinding wheel for a given move-
ment of the wheel slide, as indicated by the dial of the ad-
justing screw. Since the increase or decrease in the volume
of the sparks is an indication of error, it follows that an
operator having a knowledge of the amount of error thus
indicated may eliminate or reduce many errors by making
proper adjustments.

GRADUATIONS.

35. Purpose of Graduations.—The success of the
grinding machine in grinding solids of revolution accurately
to a predetermined shape, as, for instance, true cylinders
or frustums of cones, depends largely on the provision of
suitable means for adjusting the line of motion of. the grind-
ing wheel or the table in relation to the axis of rotation of
the work. These provisions are amply made in the better
class of grinding machines that are built today.

36. In order to aid the operator in sctting the machine
to grind cylindrical or tapering work, all modern grinding
machines have one end of the table, which, as previously
explained, can be swung around in a horizontal plane,
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graduated either to degrees or to read to tapers in inches per
foot. These graduations are intended to assist the operator
in setting the table approximately to the correct position;
it is to be distinctly understood that for exact grinding, the
means of sensitive adjustment with which the table is pro-
vided are to be used after it has been determined by tria/
where the ground work differs from the desired shape.

37. Final Adjustment.—When setting the machine,
the operator should set the table by the graduations as nearly
as can be judged by eye. It is entirely unnecessary to use
a magnifying glass for this purpose. The rough work is
now placed in the machine and, by measurement, it is de-
termined which end, if either, is the larger. A very light
cut is now taken, observing if the cut is heavier at the larger
end, which obviously should be the case. If this is not
the case, the table is carefully adjusted until the cut shows
heavier at the larger end, which is indicated by the sparks.
The work is now ground evenly and is then measured, but
if one end is too large, the table is adjusted once more; this
cycle of operations is repeated until the table is correctly set.

38. The main reason why the graduations cannot and
should not be relied on when accurate work is desired is no?
that the graduations are incorrect, but that any changes of
temperature of the machine will affect the relative position
of the various parts; any error due to this cause will be
doubled in the work. Another reason is the unequal wear
of the centers that is liable to occur with constant use, the
centers wearing out of line; any error in alinement due
to this cause will also be doubled. Thus, if one center is
.00025 inch out of line in one direction and the other center
is the same amount out of line in an opposite direction, the
total error in alinement is .0005 inch, and the error of the
work will be .001 inch. A slight amount of dirt or oil in
the holes in which the centers are placed will cause a corre-
sponding error in alinement.

39. Adjustment of Headstock.—The headstock of
a universal grinding machine is generally arranged so that

S. Vol. 111.—6.
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it can be swiveled; graduations on its base indicate ap-
proximately the angle at which the spindle is set to the line
of motion; provided, however, that the table itself is set at
zero. When grinding work between centers, it is essential
to set the headstock to zero: otherwise the graduations on
the end of the table will not show the angle between the line
of motion and a line joining the centers. When work that
is attached to the headstock spindle is ground, the latter is
set roughly by the graduations of the headstock, but the
final adjustment is gotten by setting the table over.

40. The adjustment of the table is so simple in all grind-
ing machines that in case the work shows any error due to
alinement, the operator finds it more convenient to cure the
error by shifting the table than to look for the cause of the
error in alinement.

DRIVING WORK BETWEEN CENTERS.

41. Work ground between centers is driven, as in lathe
work, by a dog. The dog used should be as light as possible,
especially for slender work, and should be well balanced in
order that the centrifugal force due to an unbalanced dog
may not bend the work during grinding and thus cause poor
results. Most grinding machines have a pair of pins set
into the face plate, so that a straight-tailed dog having two
tails can be used, which is less liable to produce a bending
stress on the work at high speeds than the ordinary bent-
tailed dog. Owing to the fact that the work revolves at a
slow speed, it is not often that the centrifugal force due to
an unbalanced dog has to be taken into account.

EXTERNAL GRINDING.

METHODS OF GRINDING.

42. Introduction.—A good idea of the kind of work
that can be done in a grinding machine can be obtained by
an examination of the several examples of external grind-
ing that are given below. These examples will serve to
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show how the machine may be arranged and what shape of
wheel may be used to advantage. They may be profitably
studied, for the lessons conveyed by them will serve to sug-
gest ways and means of doing work different from that shown.

43. Grinding a Cylindrical Rod.—Fig. 3 shows one
of the simplest grinding jobs that is done, which is the
grinding of a cylindrical rod between centers. The illustra-
tion is a top view of a Landis grinding machine where the
table is stationary and the wheel moves past the work. The
wheel a is set at right angles to the line of motion, so that
its cutting surface is cylindrical. In order to grind the
work cylindrical, the line of motion of the wheel must be
parallel to the axis of rotation of the work, and this con-
dition is obtained by shifting the table until trial shows the
work to be cylindrical. The illustration shows the manner
of driving the work by means of a dog & having two tails
that balance each other, though in practice only one of them
is in contact with a driving pin. It would be commercially
impossible to grind the piece shown without using a number
of steady rests, but they are not shown, as they would only
complicate the illustration.

44. Facing a Bushing.—In Fig. 4 is shown howa
bushing may be faced square. The bushing ¢ is placed on

Fic. 4.

a true-running mandrel that is put between the centers and
is driven by adog. In order that the grinding wheel may pass
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clear over the end of the bushing, the end a of the mandrel
should be turned down somewhat smaller than the part fit-
ting the bushing; the latter is then placed on the mandrel

Fi6. 5.

so that the face that is to be ground projects somewhat
from the shoulder at #. Since the grinding must be done
by the side of the wheel, the latter should be recessed as
shown, leaving only a narrow surface to do the cutting.
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The wheel is fed against the face in the direction of the axis
of the work; this will generally give a better face than
feeding the wheel back and forth across the face of the work.

45. Grinding Conical Work.—The grinding of a
short frustum of a cone is shown in Fig. 5, which is a top
view of part of a Brown & Sharpe universal machine. The
included angle being beyond that attainable by swinging
the table a, it is gotten by swiveling the lower wheel slide &
until it makes the required angle to the axis of rotation of
the work, the table a first having been set to zero, however,
in order that the graduations on & may give a correct indi-
cation. In this case, the upper wheel slide ¢ is set at right
angles to & to allow a square-faced wheel to be used. It
will be observed that the slides 4 and ¢ form what may be
called a compound rest. If the frustum of a cone that is
being ground has to be very exact, its accuracy will most
likely be tested by a gauge; the final adjustment for the
angle is then made by swiveling the table @ by means of the
adjusting screw provided for the purpose.

486. In Fig. 6 is shown how a piece of work having two
different conical parts may be ground, where one of the
parts is within the range of angles that can be obtained by
swiveling the table a. Thus, the conical part 4 is ground
with the table set over, while the conical part ¢ is ground
by setting the lower wheel slide & to an angle to suit the
required-angle. It is to be observed that the graduations
on 4 will not indicate the angle of ¢, since the table a is not
at zero. One edge of the grinding wheel is beveled to suit
the conical part ¢. The wheel is adjusted for depth of cut
by moving it along the upper wheel slide e.

When a number of duplicate pieces like that shown in
Fig. 6 are to be ground, the sensitive adjustment of the
table can only be used for the conical part 4. The final
adjustment for ¢ must be gotten by shifting the lower slide 4.
As long a piece as the one shown could not be ground with-
out the use of steady rests.
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47. Grinding Close to Shoulder.—An example of
grinding a shaft close to a large shoulder is shown in Fig. 7.
In this case, the ordinary flat wheel cannot be used, since
the nut and the washers used for fastening it to the spindle
will come in contact with the shoulder of the work while the
wheel is yet some distance from the shoulder. For this

Fi1G6. 7.

reason, the dished wheel shown in the illustration is used.
It is not advisable to use such a wheel for grinding the
face a of the shoulder, owing to the large grinding surface
that will be in contact with the work. The wheel cannot
clear itself of the particles of metal, and if the shoulder
requires grinding, it is better to recess the wheel in order
to narrow the grinding surface.

48. Grinding a Caliper Gauge.— The grinding of
a caliper gauge is shown in Fig. 8, the illustration being a
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partial top view of a Landis grinding machine. The gaugea
is clamped to the table 4, which has been set to zero. The
wheel slide ¢ is set at right angles to the table and a wheel

=

FicG. 8.

recessed as shown is used. The grinding is done by moving
the wheel slide rapidly back and forth across the caliper face.
A rather soft wheel should be used for this kind of grinding.

It will be noticed that in producing the flat face shown in
Fig. 4, the wheel was not moved across the work, while in
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the present case it is very necessary to move the wheel
across the face of the work. The reason for this is that in
the first case the work ¢ was revolving, while in Fig. 8 the
gauge a is standing still.

49. Truing Centers.—Fig. 9 shows how the centers
may be trued in a universal grinding machine by swinging
the headstock around to make an angle of 30 degrees with
the line of motion in order that the centers may be ground

Fi1G. 9.

to the American standard angle of 60 degrees. In all mod-
ern grinding machines, the headstock center and tailstock
center interchange, so that both centers may be trued in
the headstock spindle. In plain grinding machines, where
the headstock cannot be swiveled, the centers are trued by
means of a special fixture that is nothing but a supple-
mentary headstock that is removed from the machine after
the centers are ground. Obviously the spindle must rotate
for center grinding.

50. Chuck Work and Face-Plate Work.— The
manner of using a universal grinding machine for chuck
work and face-plate work is shown in Fig. 10. When the
work is to be ground to a plane surface, the headstock is
placed exactly at right angles to the line of motion of the
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table or grinding wheel, the table first having been set to
zero. The final adjustment is obtained by means of the sensi-
tive adjustment with which the table is supplied, taking trial

Fic. 10.

cuts over the work and testing it with a straightedge. For
conical work the headstock is swiveled to the required angle.

K1. Special Chucks.—Thin saws, milling cutters, and
similar work that either cannot very readily be held in the
chuck or that cannot be attached to a face plate because
the clamping devices are in the way of the grinding wheel,
can often be successfully held for grinding by means of the
special chuck shown in Fig. 11, the use of which presupposes
that the work has a fair-sized round hole whose axis is at
right angles to the face that is to be ground. A face plate @
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is screwed to the headstock spindle. A sleeve & that is
threaded on the inside to fit the screws ¢ and 4 is nicely
fitted to the central hole of the face plate; this sleeve is
axially movable and is kept from turning by a pin that
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works in a longitudinal slot of the face plate. The front
end of the sleeve & is arranged to take the shank of the
bushing e, the projecting part of which is fitted to the hole
in the work. The bushing ¢ is split so that it can be ex-
panded to grip the work tightly by turning the conically
headed screw ¢. When this has been done, the work is drawn
against the face plate by turning the small hand wheel f,
which is keyed to the screw 4. A separate bushing will be
required for each size of hole.

THE SET WHEEL.

52. When a large number of duplicate pieces of simple
form are to be ground, grinding-machine operators usually
employ the so-called set-wheel method of grinding. In
this method, all the pieces are first roughed out to within
a small limit of the finished size, say .001 inch, and then all
are finished. In using this method, the operator first sets
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the grinding wheel, by trial, to the roughing size, and then,
without moving the wheel slide, grinds all the pieces to
the roughing size, measuring the work from time to time
and moving the wheel toward the work to make up for
the wear of the wheel. When all the pieces have been
roughed out, the wheel is set, by trial, to grind the work to
the finished size and piece after piece is put into the machine
and finished without disturbing the setting of the wheel,
except to compensate for the wear.

83. For the set-wheel method, a wheel should be selected
that will not wear very rapidly; and after all the pieces are
roughed out, the wheel should be carefully trued by means
of a diamond tool. It will then produce a smooth and even
surface on the light finishing cut, although the surfaces
produced on the heavy roughing cuts may have been rather
coarse.

STEADYING WORK.

84. Purpose of Rests.— When grinding long and
comparatively slender work, it is necessary, just as in lathe
work, to use some means to prevent the deflection of the
work, owing either to its own weight or to the pressure of
the cut. For this purpose a follow rest may be used, or
a number of steady rests may be applied to the work.

55. Benefits.—The benefits derived from a proper ap-
plication of rests to the work are: the production of a better
quality of work; the possibility of taking heavier cuts and
the using of a greater speed and rate of feed; and, finally, an
increase in the sizing power of the wheel. The term sizing
power refers to the ability of the wheel to maintain its size
for a fair length of time, which enables it to duplicate a
large number of pieces without any movement of the wheel
slide.

56. Classification of Rests.—The rapidly increasing
use and the consequent development of the grinding ma-
chine have led to a great number of designs of rests for the
steadying of work while grinding. The different designs
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easily divide into two general classes, which may be called
Jollow rests and fixed rests.

57. A follow rest may be defined as a rest that main-
tains its position in relation to the wheel; i. e, is stationary
in respect to it throughout the cut. Such a rest is only
adapted to cylindrical work, and for a long time was the
only rest supplied to grinding machines.

K8. A fixed rest, or back rest, is a rest that is fast-
ened to the table of the grinding machine, and which,
consequently, remains fixed with respect to the work. Such
a rest is conceded by most operators to be superior to a
follow rest, even for straight work. The fixed rest can also
be used on tapered work or work having different diameters.
Fixed rests may be divided into two subclasses, which are
called rigid fixed rests and flexible fixed rests.

59. Construction of Rests.—A rigid fixed rest is
shown in Fig. 12, which also shows its application to the

Fi1G. 12.

work in a Landis machine. The frame a of the rest is
rigidly bolted to the table; a swinging arm ¢4 is fulcrumed
to the upper part of the frame and can be moved slightly by
means of the adjusting screw ¢. An adjustable cylindrical
plug 4 is carried by the swinging lever, to which it can be
clamped by a setscrew. This plug is placed in contact with
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the bottom of the work, the sensitive adjustment being
obtained by the screw ¢, and the rough adjustment, for the
diameter of the work, by sliding the plug in the lever. A
setscrew ¢ is used for steadying the work sidewise.

60. When using a rigid rest, it is not necessary for the
operator to spot the work at the place where the rest is
applied. The rest is simply applied to the work and grind-
ing commenced. The emery wheel will cut more from the
high side, even though the rest may appear to hold the work
so that it runs true, and the work will finally come out
round and straight. Care must be exercised in adjusting
the parts of a rigid rest, as & and ¢, for a very little pressure
will deflect a slender bar, and if the rest is set up too hard
the work may be ground small in the middle. As the
diameter of the work is reduced, a rigid rest must be re-
adjusted.

61. Flexible fixed rests are made in various ways;
the simplest form is the so-called spring rest shown in
Fig. 13. Theframe ais
fastened to the table of
the machine; it has a
rectangular recess at
the top into which the
rectangular shank of
the shoe & is so fitted as
to move easily. The
end of the shoe that Fie. 13.
bears against the work is curved to suit the diameter of it;
the rear end of the shoe is acted upon by a helical spring ¢
whose tension can be adjusted by means of the thumb-
screw d. The shoe should be made of some soft material,
as brass, babbitt, or wood. This kind of a rest reduces or
eliminates the vibration of the work by reason of the inertia
of the shoe and the tension of the spring ¢; it is open to the
objection, however, that too great a tension of the spring
will cause the work to be bent. On the other hand, the
spring will cause the shoe to follow up automatically any
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reasonable reduction in the diameter of the work. The shoe
should never be made of any hard material, as it should wear
rapidly to a good fit, on account of the fact that the value
of the shoe in absorbing vibrations depends largely on the
degree of its contact with the work.

62. The universal back rest supplied by the Brown
& Sharpe Manufacturing Company with their plain grinding

Fi1G. 14,

machines is shown in Fig. 14. The back rest for the uni-
versal machines works on the same principle, but is con-
structed quite differently. The frame @ is clamped to the
table of the machine by turning the nut @’. A swinging
lever 4 is pivoted to the frame at ¢; a spring &, whose tension
can be adjusted by the thumbnut ¢, tends to force the upper
end of & toward the work. The extent to which the lever
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can move toward the work is regulated by the thumbscrew £,
whose end, by coming in contact with a shoulder g of the
frame, limits the motion of 4. The shoe-carrying frame 4 is
hinged to the upper end of the lever &, and the front end of 4
rests on a part of the frame 4. This construction allows the
frame / to move toward the work to the extent permitted by
the position of the screw f, but does not permit the front end
of /2 to drop. The shoe 7 has trunnions, as 7/, which rest in
V notches formed at the front end of 2. The shoe is held
against the work by a helical spring 4, whose tension is ad-
justed by the thumbnut /. The spring £ bears against the
movable nut m, which carries the adjusting screw », the end
of which bears against the shoe. From the construction it
follows that the action of the spring £ causes a rotation
of the shoe 7 about 7, thus tending to draw the part 7, of
the shoe against the work. The screw » passes through a
clearance hole in the thumbnut /, and its axial motion
under the action of the spring £ is limited by the lower face
of the nut m coming against a shoulder o of the shoe-
carrying frame. '

63. From the construction of the device it follows that
the part 7, of the shoe is held against the work by the
spring &, while ¢, is held against the work by the spring 4.
It also follows from the construction that the pressure of
the shoe against the work can be arrested at a predetermined
diameter by a proper adjustment of 7 and f in respect to
the shoulders g and o. If these adjustments are properly
made, it is impossible for the springs to bend the work.
Different sizes of shoes will be required for different diam-
eters of the work; since the shoes are removed by simply
lifting them out of the V’s in the frame £, they are readily
changed.

64. Since the shoe is operated by spring pressure in two
directions at right angles to each other, it can yield to suit
the inequalities of unground work, and, hence, there is no
necessity of grinding the work to run true at the place where
the rest is applied, prior to the application,

S. Vol. I11.—.
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65. Application of Universal Rests.—Fig. 15 is a
perspective view of a plain grinding machine, showing how
the universal rests are appfied to a long piece of work. In
order to steady the work f, a number of rests, as @, 4, ¢, 4,
and ¢, are used, which are placed from 6 to 8 diameters of the
work apart. Each rest is independently adjusted to properly
bear against the work. This illustration incidentally shows
on the footstock a truing device g for holding a diamond-
pointed tool. As clearly shown, the tool is held in place by
a small thumbscrew; in use the depth of cut is obtained by
moving the wheel slide, and the grinding wheel is moved
back and forth past the tool.

66. Absorption of Vibration.—When comparatively
stiff work that is being ground without a rest commences to
vibrate, as occurs occasionally, the vibrations can some-
times be absorbed by holding a block of wood against the
work by hand, resting one end of the block on the table.
This is only a makeshift to be used where single pieces are
being ground. In doing commercial work, a rest should
always be used. Whenever a piece of work or a wheel com-
mences to vibrate, the cause should be looked up and the
proper remedy applied. The vibration may be caused by a
glazed wheel, improper speed of wheel or work, or irregu-
larities in the stock.

67. Special Rests.—Where a large number of dupli-
cate pieces are to be ground, special rests can often be ad-
vantageously used. These rests must usually be of the
fixed-rest type, and may be rigid rests or spring rests.
Their design rarely presents any difficulties, as they are gen-
erally but simple modifications of the rests here described,
the modification having been made necessary by the shape
of the work.

POOLE METHOD OF CYLINDRICAL GRINDING.
68. As is well known, a round bar may show under
very refined measurements as being exactly round and of
uniform diameter, and may yet be far from straight; that
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is, it may be far from a true cylinder. In all ordinary
grinding machines, the straightness of the work depends
primarily on the straightness of the guiding ways that de-
termine the line of motion of the wheel or the work, and
while the work may be round in spite of a want of truth of
the guiding ways, any error in them is bound to produce
work that is not straight. While it is not a very difficult
matter to produce straight guiding ways in small grinding
machines intended for comparatively light work, the prob-
lem becomes more difficult when a machine suitable for
the grinding of such work as the calender rolls used in paper
making is to be constructed. Such rolls are quite large and
must be exceedingly straight and uniform in diameter; on
account of the difficulty of making the guiding ways suffi-
ciently true, Mr. J. Morton Poole devised a special method
of grinding that largely overcomes any reasonable error
that would be induced by want of straightness of the guid-
ing ways. In the Poole method of grinding, the periphery
of the grinding wheel is kept at a constant distance from
the axis of rotation of the work, not by the straightness of
the guiding ways, but by gravity, as will become apparent
when the construction of the machine is studied.

69. Fig. 16 is a perspective view of the machine, which
in some respects resembles a lathe with the tailstock left off.
The carriage a that carries the grinding wheels is mounted
on V’s, along which it can be traversed. The roll that is to
be finished has its two journals ground perfectly true and
these journals are placed in the jaws of the steady rests &
and ¢. The jaws of these rests are both the same height
above the guiding ways. The work is driven from the head-
stock spindle 4 by means of a flexible connection, in order
that any want of alinement between the axes of rotation of
the work and the spindle may not disturb the former during
grinding. Two grinding wheels are used on opposite sides
of the work; each grinding wheel is mounted on its own
wheel slide. The two slides work in a heavy casting ¢ that
forms their base; this casting is supported by four links,
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as f, f, from the top of the carriage by means of knife-edge
bearings. This construction allows the grinding wheels to
swing freely in a direction at right angles to the axis of rota-
tion of the work, and the wheels will obviously be at rest
when the center of gravity of the whole swinging part occu-
pies its lowest position.

Z0. The distance that the grinding wheels are apart
during each cut being constant, it follows that the roll being
ground will be of uniform diameter throughout, neglect-
ing here the wear of the grinding wheels which will be ex-
ceedingly small during a light finishing cut. Now, as stated
in Art. 88, a bar may be apparently round and of uniform
diameter without being straight. Any one who is in doubt
about this statement is advised to take a straight piece of
drill rod, which, as supplied by manufacturers, is quite round
and exceedingly uniform in diameter, and to bend it slightly.
It will then be found that with a reasonable amount of bend-
ing the piece will caliper the same throughout its length.
While there is no doubt but that the diameter and also the
roundness of the piece are changed by the bending, the fact
remains that the change is so slight, when the bend is not
excessive, as to be insensible.

Z1. Assume that the roll being ground is not exactly
straight. Then, when revolved in the steady rests 4 and ¢,
it will run out of true, and the high side coming toward
one of the emery wheels will tend to push over the swinging
frame. This tendency is resisted by the weight of -the
swinging frame, and, consequently, there is a pressure, de-
pendent on the amount that the roll runs out of true, that
causes the wheels to alternately cut away the high side until
the center of gravity of the swinging frame is in its lowest
position again, when the wheel ceases to cut. It will be
understood that the frame swings back and forth as the
high side of the revolving roll engages one or the other of
the two grinding wheels. By repeated passages of the car-
riage along the bed, the roll is finally so ground as to run
perfectly true; and as the fixed distance between the wheels
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insures a uniform diameter, the finished roll becomes a very
close approach to a perfect cylinder, independently of the
truth of the guiding ways. In practice the operator takes
most or all of the swing out of the carriage while roughing
the roll. On the whole, this is a rather slow process, though
it produces very good work. Some classes of rolls have to
be ground large or small in the middle. This may be done
by raising or lowering the swinging carriage at the proper
points so as to bring the wheels above or below the center
of the roll. As quick as the wheels are removed from the
center of the work they will grind large.

INTERNAL GRINDING.

INTRODUCTION.

72. Internal grinding presents problems of a prac-
tical nature that differ somewhat from those encountered in
external grinding; since a knowledge of the causes of these
problems is essential to their partial or entire solution, they
are here briefly explained.

73. Influence of Pressure.—In internal grinding the
truth of the surfaces, at least as far as the grinding itself is
concerned, depends primarily on the amount of pressure
caused by the grinding operation As in the case of ex-
ternal work, this pressure tends to disturb the position of
the axes of rotation of the work and the grinding wheel;
since the amount of disturbance depends directly on the
pressure, it follows that a reduction of it to the lowest limit
attainable with a given set of conditions causes a corre-
sponding reduction of errors and a consequent increase in
the truth of the work.

74. Pressure Greater Than in External Grind-
ing. — The pressure required to make the wheel cut is
always greater in internal grinding than in external grinding,
especially when the hole that is being ground is small. The
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reason of thisis the more intimate contact of the grinding
wheel with the surface of the work; the extent of this contact

' will become apparent
when a grinding wheel
but slightly smaller
than the hole is em-
ployed. It may be
stated that for equal
depths of cut, equal
diameters of wheels,
equal diameters of the
work, and equal widths
of the wheels, the ex-
tent of the surface of
the wheel in contact
with the work will al-
ways be greater in in-
ternal grinding than
in external grinding.
This is shown in
Fig. 17, where a cyl-
inder @ and a cylin-
drical ring 4 having
the same diameter of the surface to be ground, are illus-
trated. The grinding wheels ¢ and & have the same diam-
eter, and both are set for the same depth of cut. It is
plainly seen that the surface with which the wheel is in
contact is greatest in internal grinding, and it can be readily
understood that the pressure of the cutting operation will
be greater than in external grinding. From these facts the
conclusion may readily be drawn that in order to reduce the
pressure of the cut, the depth should be much less in in-
ternal than in external grinding.

FiG. 17,

Z75. Best Cutting Speed Cannot Be Obtained.—
The grinding wheel obviously must be smaller than the hole
in which it is to be used, and a very small hole requires a very
small wheel. In order to obtain the best cutting speed, the
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wheel would have to be run at a very high number of revo-
lutions per minute. - While it has been found possible in
practice to run a very small grinding spindle of exquisite
workmanship at the enormous rate of 75,000 revolutions per
minute, even this high rate of speed falls very much short
of giving the best surface speed to the grinding wheel. At
present the art of making a spindle and bearings for it to run
at the number of revolutions that would produce a proper
surface speed has not progressed far enough to allow this to
be done, at least for small holes.

76. When a grinding wheel is run at a surface speed
below its best cutting speed, more pressure will be required
to make it cut, but as the required pressure is less with a
soft wheel than with a hard one, it follows that a softer
wheel should be used whenever circumstances prevent the
attainment of a proper surface speed. Since the condition
just named exists usually in internal grinding, it follows that
much softer wheels should be #ised than for external grind-
ing, in order to reduce the préssure.

Z77. Considerations Affecting Stiffness of Spin-
dle.—In the case of external grinding, the spindle that
carries the grinding wheel can always be made as stiff as
may be desired; in the case of internal grinding, however,
the size of the hole that is to be ground determines the
maximum diameter of the spindle. Then, if the hole is
small and deep, the spindle must be correspondingly small
and slender; consequently, it is bound to yield to a sensible
extent under a very moderate pressure. From the state-
ments just made, it will be apparent that in order to reduce
the deflection of the spindle, it should be as large as circum-
stances will permit, and be supported close to the grinding
wheel.

Z8. In the earliest designs of internal-grinding fixtures,
a spindle of as large diameter as possible was employed, and
the distance from the wheel to the nearest support was
at least equal to the depth of hole to be ground. It was
soon found, however, that while the requisite stiffness was
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obtained, another serious error not previously thought of was
introduced. This error was due to the looseness of the
spindle in its bearings, which is necessary for free running,
but which shows much greater at the end of the spindle by
reason of the long distance between the wheel and the near-
est bearing. The consequent wabbling of the wheel caused
it to follow the imperfections of the hole being ground and
precluded the grinding of a true hole.

79. When the spindle is made as large as the hole will
permit, it is obviously impossible to place a bearing adjacent
to the emery wheel. Hence, in order to place a bearing in
that position, the diameter of the spindle must be cut down;
and to give the requisite stiffness, the bearing must be of
such a form that it will make up for the reduced diameter
of the spindle. This consideration requires the bearing to
be a cylindrical shell carrying the spindle inside and hav-
ing its outside diameter slightly smaller than the diametet
of the smallest hole in which the internal-grinding fixture
is to be used. Then, if the bearing is directly back of the
grinding wheel, its possible side movement will exceed but
slightly the side movement (the looseness) of the spindle in
1ts bearing.

80. Construction of an Internal-Grinding Fix-
ture.—The Brown & Sharpe Manufacturing Company was

F1G. 18.

the first firm to construct an internal-grinding fixture along
the lines mentioned in Art. 79. This fixture is shown in
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section in Fig. 18. The grinding wheel « is carried by the
spindle 4, which has a long journal working in a split-bronze
bearing ¢. The spindle is held in place lengthwise by the
collar &, which bears against the end of ¢ on one side, and on
the other side bears against the end of the tube . The out-
side of the bearing ¢ is tapered and fits the tapering bore of
the supporting shell /. The wear of the bearing is taken up
by screwing the tube ¢ into the shell, thus causing the bear-
ing to close. The tube ¢ is then slightly unscrewed to give

o

—

o
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the collar & a free running fit. The end of the spindle is
splined and fits loosely in a central hole of the driving
shaft g, which carries the driving pulley 2. Two pins £andy
engage the splined end of the spindle and cause it toturn
with the driving shaft. The outer shell fand the end of
the tube ¢ are sliding fits in the bearings # and /, and f can
be clamped to £ This construction permits the wheel a to
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be brought somewhat closer to the bearing £ for shallow
holes.

81. Driving the Spindle.—The method of driving
the spindle for internal grinding is shown in Fig. 19. The
. grinding wheel is removed from the wheel stand & and a
driving pulley 4 is put in its place. The wheel stand a is
then reversed, so that it occupies the position shown in
the illustration. The pulley ¢ is now belted to the drum
overhead. The internal-grinding fixture & is bolted to the
wheel slide; its spindle is then driven by belting its driving
pulley ¢ to the pulley 4.

METHODS OF GRINDING.

82. Grinding Conical Work.—Fig. 19 shows how
the universal machine is used for grinding a hole having a
double taper; i. e., whose surfaces form frusturms of two
different cones. The table f is swung around to grind the
smaller taper, and the wheel slide g is set over in order to
grind the larger taper.

When the machine has a swivel headstock, one taper
might be ground by setting over the headstock, leaving the
table at zero. The other taper is then ground by setting
over the wheel slide, or changing the setting of the head-
stock.

83. Fig. 20 shows how a tapering hole in the end of a
spindle may be ground to run true with the outside. One
end of the spindle is held in the independent jaw chuck a,
while the other end is run in the center rest . For test-
ing the truth of the end of the spindle that is held in the
chuck, a sensitive indicator should be used, the operator
revolving the headstock spindle by hand and truing the
work until the indicator shows it to run dead true. The
center rest insures that the other end of the spindle runs
true. The proper taper is obtained by setting over the
table. When adjusting the center rest, great care must be
taken that the work is not thrown out of alinement with the
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axis of rotation of the headstock spindle, for if this is done,
the jaws of the chuck will badly mar the end of the work,
and besides the work is likely to creep slowly forwards in the
direction of its length during the grinding. The jaws of

FiG. 20.

the center rest should touch the outside of the work just
enough to prevent any shaking. If they are set up too
tight, the work will heat very rapidly, and since it expands
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with the heat, it will cause a still greater pressure on the
ends of the jaws, which may score the work.

84. Chucks.—Universal chucks are not to be recom-
mended for grinding machines, because they will not hold
the work true enough for the purpose. Independent jaw
chucks are preferable in every respect, since they not only
allow the work to be trued carefully, but, also, frequently
permit hardened work having a small grinding allowance to
be trued to suit the warping induced by the hardening proc-
ess. If such work is held in a universal chuck, it will often
be impossible to finish it to size with the given grinding
allowance, owing to the lack of truth in the chuck itself
and the inability to true the work to suit the warping.

85. It sometimes occurs that a shell or thin cylinder
cannot be trued sufficiently in the ordinary independent
jaw chuck. In that casea so-called
bell chuck may be used. This
form has the advantage over the
jawed chuck in that it allows both
ends of the work to be trued inde-
pendently of each other. Such a
chuck is shown in perspective in
Fig. 21. Its rear end ais threaded
to fit the headstock spindle; the
body & is bored sufficiently large
and deep to freely admit the work, and eight thumbscrews
that are placed as shown are used for holding the work and
adjusting it so that it will run true.

PiG. 21.

86. For special wot\'k that is to be done in large quanti-
ties, special chucks may be made to advantage. The
general form of such chucks is about the same as those used
for screw-machine work and turret-lathe work. It is prob-
able that many forms of work made of iron and soft steel
and that are held by ordinary chucks at present will in the
future be held by magnetic chucks. These magnetic chucks
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not only hold the work securely, but are not so liable to
bend or spring the work as the present methods of clamping.

87. Face-Plate Work.—For the internal grinding of
work whose form requires it to be held on a face plate, -
the work is held by the same clamping devices used in
lathe work; these are applied in the same manner as
in lathe work, and the truing is performed in the same way.
It must always be remembered, however, that grinding is
a very refined process of finishing the work, and that great
care should be taken not to bend the work by clamping.

SURFACE GRINDING.

88. Grinding on Planer.— The grinding of plane
surfaces was formerly done, and is yet largely done, on an
ordinary planer, which is temporarily converted into a sur-
face-grinding machine by mounting an emery wheel on the
cross-rail and providing an overhead drum for driving it.
With a planer in good condition, very good work can be done
in this manner.

Regular surface-grinding machines are now made; in
general appearance and in their manner of operation they
greatly resemble the ordinary metal planer, and, in fact,
may be said to occupy the same state at present with respect
to the planer that the first grinding machine for solids of
revolution occupied with respect to the lathe.

89. Present State of Art.—The art of surface grind-
ing has not at present reached the high state of perfection
as has the grinding of solids of revolution; and while it is a
refined process of finishing surfaces, it is not capable of
competing with planing in the removal of metal. As far as
hardened work is concerned, it is the only practical method
of producing plane surfaces in a reasonable time. For the
most refined work, the grinding would be followed by lap-
ping, just as with solids of revolution.
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90. Surface-Grinding Machine.—Fig. 22 shows a
surface-grinding machine made by the Brown & Sharpe
Manufacturing Company. The illustration will show its
general resemblance to the planer, from which it differs only

- —~~
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in the curved housings @ and b. The face of these housings
is an arc of a circle struck from the center of the driving
drum ¢; from this it follows that the tension of the wheel
driving belt will remain constant throughout the whole
range of movement of the crosshead ¢. The crosshead slide
carries the wheel head ¢, which can be automatically fed
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across the machine. The table fis arranged to be traversed
by hand by means of the hand wheel g, but it may also be
automatically traversed. The stroke of the table is adjust-
able for length and position by means of tappets that operate
a suitable clutch mechanism. Surface-grinding machines of
the type shown in Fig. 22 are at present adapted only for
grinding surfaces parallel to the surface of the table.

91. Sclection of Wheels.—The wheels for surface
grinding should always be softer than those used for grind-
ing solids of revolution in order to reduce the pressure of
the cutting operation and the consequent generation of
heat. In surface grinding only one side of the work is
operated upon, and, consequently, the work, with any in-
crease in the temperature, will rise up in the center. Since
surface-grinding machines for fine work are not at present
constructed to use water, it is necessary to keep the gen-
eration of heat down by a proper selection of grinding wheel,
and thus prevent too serious a change in the shape of the
work.

92. Holding the Work.—The work is held to the
table of a surface-grinding machine by the same holding
devices and in the same manner as is done in planer, shaper,
and milling-machine work. For many kinds of work, the
magnetic chuck may be used successfully. A

CUTTER AND REAMER GRINDING.

PURPOSE OF TOOL GRINDING.

93. When making milling cutters and reamers, it is
necessary to grind them so as to give them true cutting
edges. It is also necessary to grind such tools when they
become dull to maintain them in the best serviceable con-
dition. The condition of all cutting tools should be watched
carefully, because when a tool or cutter begins to get dull,
if it is not immediately sharpencd it soon becomes worse,
and requires more power to drive it. Furthermore, the

S. Vol. 111.-8.
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increased friction produces sufficient heat to seriously affect
the temper of the tool.

Most tools when but slightly dulled may be ground many
times without injury either to their form or temper. This
is especially true of the formed cutters, of which the gear-
cutter is perhaps the most common type. These cutters
may be ground on the faces of the teeth, as long as the
teeth last, without changing their form; and if kept in good
condition, a very slight grinding is sufficient to sharpen the
cutter; but, if the cutter is kept at work when dull, the
formed surfaces become worn back from the cutting edge,
thus necessitating the removal of ¢ inch or more from the
faces of the teeth in order to sharpen them.

THE MACHINE.

94. Cutter and reamer grinding is usually done
on specially designed machines, but it may be done on the
universal grinding machine. Several of these cutter
grinders have most of the movements of the universal
grinding machine; such cutter grinders will then serve for
a large variety of small work that is generally done in the
universal grinding machine. The essential features of a
cutter grinder are a spindle carrying a small emery wheel
that may be revolved at from 2,500 to 5,000 revolutions per
minute, and suitable holders and guides for holding and
guiding the tools in the correct position. A small table, or
rest, is usually provided in front of the wheel on which flat
or formed cutters may be held while being ground.

95. The machine shown in Fig. 23 is a cutter and reamer
grinder made by the Norton Emery Wheel Company, and
arranged only for the sharpening of milling cutters and
reamers. This machine consists of a column a that carries
the wheel stand 4; this is arranged in such a manner that
it can be swiveled. A graduated saddle ¢ is placed on top
of the column; this saddle carries the slide & in which the
table ¢ works. The table can be moved toward or away
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from the grinding wheel by means of a feed-screw that is
operated by the hand wheel /. The table can be swiveled
" horizontally, the saddle ¢ having graduations that show the

FI1G. 28.
angle between its line of motion and the axis of rotation of
the spindle. A feed-screw that works in a split nut and is
operated by the hand wheel g is used for traversing the
table; when the split nut is unlocked from the feed-screw,
the table can be traversed rapidly by means of the pilot
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wheel /2. The height of the emery wheel above the table
can be adjusted by means of the hand wheel 7. A headstock #
and a footstock / are provided for grinding work between
centers. The headstock and footstock are attached to an
auxiliary swivel table ¢, which is placed on top of the reg-
ular table ¢; this adapts the machine for taper work to be
done between centers. An adjustablestandard # for a guide
finger is provided; this finger prevents rotation of the cut-
ter or reamer that is being ground. A small rest o is in-
tended for the grinding of formed cutters, which are laid
on the rest and presented to the grinding wheel by hand.

96. If a driving pulley is fitted to the headstock, the
machine may be used for grinding small cylindrical and
taper work between centers, and by the aid of proper
attachments chuck work and internal grinding of a light
kind may be done. Since the wheel stand may be swiveled
to bring the wheel over the table, the machine may be used
for light surface grinding.

97. Cutter and reamer grinding machines are made in
different ways by the various manufacturers, but most of
them embody the same features and differ only in the design
of the details. The illustrations and examples of cutter and
reamer grinding that are given’in the following articles do
not refer to any particular make of machine, but have been
selected entirely for the sake of the principle involved in each
operation. This fact is mentioned here in order that the
reader may not think that the illustrations and explana-
tions given refer to the machine shown in Fig. 23.

EXAMPLES OF CUTTER AND REAMER
GRINDING.

GRINDING CYLINDRICAL CUTTERS.

98. Cutter Bar.—Fig. 24 is an example of grinding a
cylindrical milling cutter in a machine somewhat different
from that shown in Fig. 23. In the illustration, which is a
top view, the emery wheel ¢ is shown mounted on the
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spindle 4; beneath the emery wheel is a guide finger ¢.
Clamps d, 4 hold a cutter rod or bar ¢ on which the cutter f
is mounted. A helical groove is sometimes cut in the cutter
bar e, so that any particles of emery that may collect on the
bar will be brushed into the groove by the backward and for-
ward movement of the cutter. Since the size of the holesin
milling cutters varies with their diameter, it follows that
some provision must be made for grinding all sizes of cutters

S,
J J

dIN N N N N\ N\e N

Fi1G6. Y4.

within the capacity of the machine. This is done either by
making a suitable bar for each size of hole or by making
bushings for the larger sizes of holes, so that cutters having
large holes may be ground on the small bar. Some cutters
and shell reamers have taper holes in them; these must be
provided with a bushing having a straight hole fitting the
bar, the outside being fitted to the taper hole in the cutter
or reamer. When this bushing is in place in the cutter, the
latter may be ground the same as any cutter having a
straight hole.

99. Form and Position of Guide Finger.— The
cutter having been mounted on a suitable bar, the guide
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finger a is adjusted under one of the teeth, as shown in
Fig. 25, so that the grinding wheel is in contact with the
back of the land of the tooth. This guide finger should be
somewhat wider than the face of the grinding wheel, in
order that the cutter may rest on the finger before it

FiG. 28.

reaches and after it leaves the grinding wheel. If the fin-
ger is narrower than the face of the wheel, the latter is
liable to catch and score the cutter while the latter is enga-
ging or leaving the wheel. The guide finger should always
have its top filed so that it is in contact throughout its width
with the face of the tooth.

100. Precautions. —Cylindrical cutters, no matter
whether their teeth are straight or helical, are ground by
moving them past the face of the grinding wheel. The
latter should always revolve in such a direction that it tends
to press the tooth that is being ground against the guide
finger. The teeth are then ground one by one, preferably
by light cuts, going several times around the cutter to
sharpen it. In order that the cutter may last well, it is
essential that the temper should not be drawn from the
teeth, or as the shopman expresses it, ‘‘the cutting edges
must not be burned.” Since cutter-grinding machines are
not arranged to permit the flooding of the work with water,
it follows that overheating can only be prevented by taking
light cuts.
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101. Cutters ground by sliding them along a cylindrical
bar become cylindrical themselves on account of the fact that
the distance between the axes of rotation of the grinding
wheel and the cutter remains constant at the point where
the grinding is taking place, irrespective of whether the two
axes are parallel or inclined with respect to each other.
The grinding wheel retaining its size, it follows that all points
of all teeth of the cutter will be the same distance from its
axis; that is, they will be on the surface of a cylinder.

GRINDING SHANK CUTTERS AND ANGULAR CUTTERS.

102. Some cutters, especially those having shanks,
cannot be ground on a bar in the manner just described;
such cutters are
mounted in a suit-
able socket and
ground cylindrical,
ortoagivenangle, by
adjusting, by trial,
the device in which
they are mounted.
Angular cutters
cannot be ground by
sliding them along a
bar, and the same >
device used for
shank cutters may
be used for them. N
Thus, the cutter SN
may be mounted on @

a bar held in a swiv- =

el head a, Fig, 26, Fia. 2.

which is set, by trial or by graduations, to the required angle.
The guide finger having been adjusted, the cutter is traversed
past the face of the grinding wheel by moving the table & to
which the holding device is attached.
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REAMER GRINDING.

103. Cylindrical and taper shell reamers may be ground
in the same manner as milling cutters, sliding them along
a bar if the reamer is cylindrical, and using a holding de-
vice if the reamer is tapering. In most cases it will be
necessary to make a bushing for cylindrical shell reamers,
since they usually have a tapering hole.

104. Reamers that may be classified under the general
heading of solid reamers generally have a center at each
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end. Such reamers are ground between centers, as is shown
in Fig. 27. For grinding cylindrical reamers, the centers
are adjusted so that the line joining them, which is also the
axis of the reamer, is parallel to the line of motion of the
centers; for taper reamers, the axis of the reamer is set at
the required angle to the line of motion. In this particular
case, the centers are clamped not directly to the table, as in
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the cutter grinder that was illustrated in Fig. 23, but to a
holding device a4, which in turn is clamped to the table 4.
The grinding is done by traversing the table 4, resting the
different teeth in succession on the guide finger.

GRINDING TEETH OF SIDE MILLING CUTTERS.

105. For grinding the teeth on the side of side milling
cutters, the cutter must be attached to the headstock by
means of a suitable socket
or arbor, as shown in Fig. 28,
where a is a holding device
or headstock. It will rarely
be possible, for want of
room, to apply the guide
finger to the side tooth
that is being ground; in
most cases the finger will
have to be applied to the
periphery of the cutter. It
must not be forgotten that
the guide finger must be
placed in such a position
that the pressure of the cut
will be against it; this re-
quires the finger to be
placed in an opposite posi-
tion whenever the cutter is
reversed after grinding one Fig. 2.
side. In Fig. 28 this fact is indicated by showing the new
position of the finger and the grinding wheel in dotted lines.
If the cutting edges of the side teeth are to lie in a plane, the
holding device @ must be swiveled to secure this condition.

USE OF CUP WHEEL.
106. For some kinds of tool grinding and cutter grind-
ing, a cup wheel may be used to advantage. An example
showing how the cup wheel is applied is given in Fig. 29,
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‘where an inserted-blade side milling cutter @ is seen mounted
on an arbor held in an adjustable holder 4. The holder is
made adjustable in a vertical direction, in order that the axis
of the cutter may be inclined, in respect to the axis of rota-
tion of the grinding wheel 4, until the desired degree of
clearance is obtained. If the guide finger ¢ is used on the
side of the cutter, as shown, it will be necessary to clamp

F1G6. 29,

the cutter while grinding each tooth as the work passes off
from the guide finger or tooth rest before cutting begins.
The tooth rest acts as a spring pawl when revolving the
cutter. The loop at the back of the tooth rest is for the
insertion of the thumb of the operator when it is desired to
spring the rest back to clear the teeth. The benefit to be
derived from the use of a cup wheel is the well-supported
cutting edge that is given to the cutter. The teeth on the
side of the cutter can be ground so that their cutting edges
lie in a plane, or they can be ground so that their inside cor-
ners have a slight relief, by a proper horizontal adjustment
of the holder. If the holder can be swiveled sufficiently,
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angular cutters may be ground with a cup wheel. The
depth of cut is regulated by feeding the cutter toward the
wheel, and the grinding is done by traversing the cutter
past the wheel.

USING UNIVERSAL GRINDING MACHINE.

107. Introduction.—When no cutter grinder is avail-

able, the universal grinding machine may be used for cutter

and reamer grinding; and, in many cases, it may also be
used for work beyond the range of the cutter grinder.

108. Grinding a Milling Cutter. — Fig. 30 shows
how a side milling cutter may have the teeth on its periphery
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sharpened in the universal grinding machine. A guide
finger a is fastened to a suitable bar 4. This finger should
always be so arranged as to be at rest with respect to the
grinding wheel; that is, its position with respect to the grind-
ing wheel should not change. When the guide finger is
attached to the wheel base, it occupies a fixed position in
front of the wheel, and every part of the tooth that is being
ground must travel over it and pass the wheel in exactly
the same relative position. This insures that the backing-
off is at an angle that is constant throughout the length of
each tooth and is the same for all teeth.

109. Mounting Guide Fingers.— Sometimes the
guide finger is mounted on the machine table, as shown
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in Fig. 31, in which case it travels with the work. This will
answer for grinding short work, such as milling cutters less
than | inch thick and having straight tceth. It is clear
that with the guide finger located on the table, it is at rest

* F16. 81.

with respect to the work throughout the grinding; conse-
quently, it cannot rotate the work, as is absolutely required
in the case of tools with helical cutting edges, in order to
present every point of each cutting edge to the grinding
wheel in exactly the same manner.

110. A beginner is very likely to think that a long cut-
ting tool with straight cutting edges may satisfactorily be
ground with the guide finger fixed with respect to the work.
This would be the case if there was no warping of the tool
in hardening; but after the tool has been hardened, it will
be found that no matter how true the grooves were milled,
and no matter how carefully the hardening was done, they
will have become warped enough to prevent proper sharpen-
ing. This can readily be seen if the tool is first ground to
run true, grinding it as if it were a cylinder or a cone.
Then, adjusting the guide finger so as to keep the backing-
off slightly away from the cutting edge and taking the cut,
it will be found that the land remaining between the cutting
cdge and the termination of the backing-off is not equal in
width throughout the length of the tooth; this shows that
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if the backing-off had been carried clear to the cutting edge,
the latter would not be true throughout its length.

111. Location of Guide Finger.—The guide finger
should always be so located that the grinding wheel will re-
volve toward it, and should always be placed betwcen the
axes of the grinding wheel and the work, and just as close
to the edge that is being ground as circumstances will per-
mit. It should always be applied to the face of the tooth,
and never to the back, for the reason that any want of truth
of the back will affect the truth of the cutting edge. The
mistake of placing the guide finger so that the grinding
wheel runs away from it must be guarded against, on ac-
count of the liability of spoiling the work caused by the
tendency of the wheel to rotate the latter.

DIFFERENT FORMS AND METHODS OF BACKING-OFF.

112. Cutter and reamer teeth are backed off in a va-
riety of ways. For some classes of work and in the absence
of the proper facilities for grinding, the tool is turned to the
exact size and fluted, after which it is backed off by filing
the proper clearance on the teeth. The cutter or tool is
then hardened and is perhaps ground by hand on a suitable
emery wheel in order to produce a good cutting edge and a
clean surface by which to draw the temper. Work done in
this manner will prove entirely satisfactory for a large
variety of comparatively rough work.

113. Several methods of backing-off are used, each hav-
ing its special advantage or use, which will be explained to-
gether with the manner of the production of each one. The
teeth of cutters and reamers are left by the machining proc-
ess somewhat in the form shown in Fig. 32, which is exag-
gerated for the sake of clearness. In Fig. 32 (@), a section
of a tooth is shown in which a is the face, and the land & is
an arc of the circle forming the circumference of the cutter
or tool. With the tooth in this shape, it is of little value
as a cutting tool, and can do but very poor work until the



60 GRINDING. §19

land is given proper clearance. The most common form of
clearance is shown in Fig. 32 (4). An emery wheel is set so
as to grind the back ¢’ of the land away, and the work and
grinding wheel are brought together until the edge ¢ is
sharp. Obviously, the land will be ground hollow, as shown

) (e)
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by the dotted line ¢'¢. In order to leave a well-supported
cutting edge, the curvature should be as small as possible;
this means that as large an emery wheel as possible should
be used. The amount that the edge ¢’ is nearer the axis of
the tool than the cutting edge ¢ is regulated by adjusting
the height of the guide finger.

114. A better form of backing-off is the straight back-
ing-off shown in Fig. 32 (¢) by the dotted line e¢¢. This
form can be satisfactorily produced only by a cup wheel.
Attempts are occasionally made to use an ordinary wheel
cutting on its periphery for a straight backing-off, setting
the machine so that the axis of the wheel is at right angles
to the axis of the tool. Such an attempt will result in un-
satisfactory work owing to the wear of the emery wheel, and
the method is not to be recommended.

115. It is conceded that the best form of backing-off
is as shown in Fig. 32 (/) by the dotted line f f, which is
the arc of a circle. Unfortunately this form of backing-
off cannot be produced in the ordinary cutter grinder or
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universal grinding machine, but requires a machine some-
what similar to that used for making formed cutters. The
advantages of this form of backing-off are a well-supported
cutting edge combined with ample clearance.

116. In the absence of a special machine, a fair approx-
imation to the circular backing-off may be given to a reamer
as follows: Set the guide finger so low that the wheel will
only touch the back of the tooth, grinding it from g to g',
Fig. 32 (¢), and take this cut over all the teeth. Then
slightly raise the guide finger and move the work and wheel
apart; now again bring the work toward the wheel until it
cuts from /% to /’. Continue this cycle of operations until
the edge #' is reached. The top of the land will be a suc-
cession of ridges that may be smoothed down by careful
oilstoning to a very good imitation of the backing-off that a
special machine will produce. The method just explained
is not recommended for any other cutting tools than reamers.
In practice the form of tooth shown in Fig. 32 (&) is gen-
erally used.

SHARPENING FORMED CUTTERS.

117. Fig. 33 shows the method of grinding a formed
gear-cutter. The cutter is mounted on a stud @ in such a
manner that the axis of rotation of the grinding wheel & is
in the plane midway between the sides of the cutter. A
guide finger ¢ is set against the back of the teeth and is so
adjusted as to make the face of the teeth radial. The slide
on which the stud is carried may be pushed in or out by hand
while the table remains stationary.

When formed cutters are ground by hand, a rest is placed
in front of the wheel and the cutter laid upon thisrest. The
cutter is then pushed and pulled back and forth while the face
of the tooth is held against the grinding wheel. The rest
is often dispensed with in grinding formed cutters; con-
siderable care will then be required to grind the faces of
the teeth at right angles to the sides of the cutter. Long
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formed cutters may be mounted on a bar and moved back
and forth along this bar until the guide finger is in contact

Fi1G. 88.

with the back of the tooth. The wheel used should be of
the dished type; that is, it should be as shown in Fig. 33.

CLEARANCE.

118. Various workmen differ greatly as to the proper
clearance for different cutting tools, but the following is
probably good average practice. The teeth of milling cut-
ters should be so ground for iron and steel that they will
have about 3 degrees clearance. Less clearance is apt to
make them drag and cut slowly, and more will make them
chatter. Cutters intended for soft metals need a greater
clearance. The amount of clearance that the teeth of cut-
ters and reamers should have is casily determined by putting
the tool into a ring of corresponding size and looking through
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it toward the light. The angle of clearance of any cutter
may be found by setting one blade of a universal bevel to
the face of the tooth and the other to the clearance; the
bevel may then be laid upon a piece of paper and the angle
included in the gauge may be extended and measured by
any form of protractor.

GRINDING CUTTERS IN PLACE.

119. Large milling cutters are often ground while on
their own arbors and in the milling machine, using a special
grinding device for the purpose. This is done for two
reasons: in the first place, their size prevents them from
being ground in a cutter grinder; in the second place, grind-
ing them on their own arbor insures that they will run true.

LAPPING.

DEFINITION AND PURPOSE.

120. Lapping is an abrading process in which the
abrading material, as emery, is embedded in some soft
metal, as cast iron, brass, or lead. It is an extension of the
grinding process and is aptly said to be the refinement of
grinding. In this process, the results depend largely on
the skill of the operator, and bear about the same relation
to the finishing of ground work that scraping bears to the
final finishing of planed surfaces. The lapping process may
be used for finishing the surfaces of unhardened metal where
great accuracy is required; it is more frequently used, how-
ever, for the final finishing of hardened work.

THE TOOLS.

121. The tools used for lapping are quite simple. For
lapping holes the simplest lap is made of lead that is cast
around an iron or steel arbor, which arbor may be made of

S. ol 1Il.—.
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square material, or it may be round and have a groove run-
ning lengthwise, in order that the lead will turn with the
arbor. A more elaborate form of lap that is intended for
cylindrical holes is made of cast iron in the form of a split
shell that is placed on a tapering arbor and caused to turn
with it by means of a dowel-pin. By driving the shell far-
ther up the arbor, it is slightly expanded. Brass is a very
good material of which to construct a lap; it is rather
expensive, however. Machinery steel is often used, but it
cannot be said to make as good a lap as cast iron or lead on
account of the difficulty of embedding the grinding material
in it.

USING A LAP.

122. Internal Lapping.—In use, a lap is charged
with emery and oil and is then rapidly passed back and forth
across the work, or vice versa. 1If the lap is intended for a
cylindrical hole, it must obviously be slightly smaller than
the hole in order that it may enter when charged with
emery, but if a true hole is desired, the lap must be as large
as can be worked in the hole. For finishing laps on fine
work no allowance is made for the cutting material when
making the lap. When a lap ceases to cut, it must be ex-
panded or a new one made. When the lap is made of lead,
it can often be expanded by driving the arbor home a little,
holding the lap in one hand. The lead, being soft, will
stretch quite easily. It will be found, however, that after
a lead lap has been expanded two or three times in this
manner, its surface will be uneven; a new lap must then be
made. It will be understood that the work or the lap
must rotate at a fairly high speed during the lapping proc-
ess. While the lapping can be done in a grinding machine,
it is usually more convenient to use a hand lathe.

123. Grade of Emery.—The grade of emery that is
to be used depends on the amount of stock that is to be
removed and the degree of finish that is desired. Thus, for
the finest finish, like that given to cylindrical standard
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gauges, the very finest of flour emery must be used; if the
lapping process is used to rough down a piece of work be-
cause no grinding machine is available, a coarse grade of
emery may be used. In order that the lap may work well,
it is essential to supply it with plenty of oil.

124. Lapping a Conical Hole.—A conical hole is
rather difficult to lap smooth, because the lap cannot be
drawn back and forth across the surface. Because of this
fact, the lap is very liable to cut concentric ridges into the
work; furthermore, the grinding material is likely to creep
toward the larger end of the lap, by reason of the action of
the centrifugal force due to the rapid rotation of the lap.
This will cause the lap to grind the hole to a different taper
than that given to the lap; but this tendency can be counter-
acted somewhat by cutting into the lap a spiral groove
having a direction of rotation opposite to that of the lap.
Thus, if the taper lap shown in Fig. 34 (a) turns in the

[7r
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direction of the arrow x, the groove should be left-handed,
but if it turns as shown by the arrow y in Fig. 34 (), the
groove should be right-handed. Several laps will have to
be used to lap the hole smooth and especial attention must
be paid to the prevention of glazing. In lapping conical
holes, much finer emery should be used than for cylindrical
lapping.

125. External Lapping.—An external lap is usually
made in the form of a ring that is lined with lead, brass, or
cast iron. The length of the lap should be not less than
1 diameter for a cylinder, and can profitably be more.
The ring may be split and a screw provided for closing in
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the lap when it has become so worn that it will not cut.
When much external lapping is to be done, the ring may
be provided with a handle about 15 inches long for the sake
of convenience in using it.

126. Lapping Odd Shapes.—0Odd shapes are some-
times lapped to bring them to the required degree of truth
and finish. Work having an odd shape is made as nearly
‘perfect as possible by machining; a lap is then made by
casting lead on the part to be finished. Laps of this kind
cannot be moved back and forth to prevent their cutting
rings into the work. For this reason the same precautions
should be taken that were mentioned in connection with laps
for taper work.

127. Lapping Holes of Milling Cutters.—While
the hole of a solid milling cutter can best be finished by
grinding it in a regular grinding machine, there are many
places where, on account of the absence of such a machine,
grinding is impossible. Lapping may then be used. A lap
that is small enough to enter the hole is placed between the
centers of a hand lathe and, after coating the lap with oil
and emery, the cutter is placed on it. It is not advisable
to attempt to hold the cutter with the bare hand on account
of the danger of an accident; a strip of pine board may be
used to advantage in rotating the cutter, using it in the
same manner as you would a file. While the lap is rotating,
the cutter should be moved back and forth from one end of
the lap to the other until the lap ceases to cut. A new lap
is then made or the old one expanded, and the lapping con-
tinued until the hole is of the correct size.

128. Lapping Valve Seats of Piston Valves.—
The valve seats for the piston valves used in some makes of
steam engines for the distribution of the steam must be
truly cylindrical and very smooth in order that the leak-
age of steam and the wear may be reduced to the lowest
limit. In some cases these seats are finished by first grind-
ing or reaming them when they are in place in the steam
chest, and then lapping them in order to obtain a very
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fine and smooth surface. The lap may be made of any
suitable material; after being charged with flour emery it
is pushed back ard forth through the valve seats, being
rotated alternately to the right and left, until it ceases to
cut. A slightly larger lap is then introduced, and the oper-
ation of lapping is repeated until the seats are truly cylin-
drical and smooth. It is essential that the lap itself should
be as near cylindrical as it can be made. The number of laps
that will be required for each pair of valve seats depends on
the condition and alinement of the two seats.

129. Lapping Plane Surfaces. — The lap may be
made of any suitable material, though cast iron is thought to
be the most satisfactory. The face of the lap is planed as
true as possible and covered with oil and emery, after which
the work is rubbed over it, changing the work around
frequently and rubbing it in all directions. Great care is
required to prevent crowning the work, that is, lapping the
edges away faster than the center. The lap must be planed
off frequently, as it wears out of true quite rapidly.

130. When the work is of such a nature that it is easily
tipped by being moved about, it should be placed in a
holder of some kind that
will prevent this. Thus,
suppose that the rect-
angular bar shown in
Fig. 35 (a) is to be lapped
on the ends so that they
are at right angles to the
surfaces @ and 4, and,
consequently, parallel. A
block may then be made
with a V groove planed
in one surface at right
angles to the bottom surface, as shown in Fig. 35 (4).
The work is placed into this groove, and, if small, may be
held there by having a few rubber bands placed over it.
The holder and the work are then rubbed over the lap. It

F1G. 85.
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is seen that the holder insures the lapping of the ends of the
work at the proper angle, and at the same time prevents
the work from being tipped.

131. Lapping Circular Arcs.—It is sometimes nec-
essary to lap an arc of a circle to an exact radius. This can
be done by a cylindrical lap having a corresponding diam-
eter. The lap may be held between the centers of a lathe,
where it is driven by a dog. An angle plate may then be
clamped to the slide rest, and the work may either be held
by hand or be clamped against the angle plate. While the
work is pressed against the revolving lap, the slide rest is
moved rapidly back and forth. The action of the lap in
this case may be likened to that of an emery wheel grind-
ing a concave surface into the end of a piece that is held
stationary on the rest of a grinding machine.

132. Lapping Diamond Tools.—While the use of
diamonds for taking light finishing cuts on metals, both in
turning and boring, is not general, there are still quite a
number of shops in which diamond tools are used for finish-
ing duplicate work. The diamond is used chiefly because
its hardness prevents a rapid wear; then, as the expense of
sharpening tools is thus greatly reduced, it will be found
that on many classes of light work the diamond tool, in
spite of its great first cost, will prove much more economical
than steel tools. Diamond tools are not adapted for heavy
cuts, being too brittle to stand much pressure; they answer
admirably, however, for very light finishing cuts, and as they
hold their edge well and permit a much greater cutting speed
to be used than will a steel tool, they tend to increase the
output of the machine.

133. For this work the black diamond and the bort
are the kinds usually used, though sometimes white dia-
monds are used. The stone is set into a hole drilled in an
iron or steel holder, and is lightly held by peening the
metal toward the stone. The holder, with the diamond on
top, is then sometimes put into a fire and the stone is
securely brazed in, leaving but a small part projecting from
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the holder. In other cases the diamond is fastened without
brazing, the metal being carefully peened about the stone.
After the surplus metal has been filed away, a proper cut-
ting edge is ground on the diamond. For this purpose
a cast-iron or machinery-steel wheel about % inch wide
and 6 inches diameter, running about 1,000 revolutions per
minute, is used. The periphery of this wheel is charged
with diamond dust, which is either rolled in with a small
roller or hammered in with a small hammer. The grind-
ing, or lapping, as many call it, is then done by using the
wheel in the same manner as an emery wheel is used, the
diamond being lightly held against the wheel. Owing to
the hardness of the diamond, the process of lapping it to the
required shape is naturally a slow one.






BENCH, VISE, AND FLOOR WORK.

(PART 1.)

INTRODUCTION.

1. The machine-shop operations considered up to the
present time have been almost entirely associated with ma-
chine tools. Aside from these, there is a large amount of
work done by hand, such as laying out, chipping, filing,
scraping, fitting, etc. These operations are usually per-
formed either on a bench or on the floor, depending on the
size or weight of the work; hence, the name bench, vise, and
Sfloor work. '

Bench work is of a lighter nature than floor work, though
it may, and often does, include the entire finishing and
erecting process where the machine is small; and in the case
of large work many of the small parts are assembled at the
bench and are theén taken to the floor and adjusted to the
other parts.

Floor work includes the erecting and assembling of heavy
machines and the machining of parts too heavy or too large
to be operated on in the stationary machine tools. In the
latter case the heavy parts are set up at a convenient place
on the floor and the machining done by means of portable
tools set up at a suitable location for each operation. Under
this heading the tools and processes employed will be con-
sidered, as well as the work itself.

§ 20
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BENCH WORK AND LAYING OUT.

TOOLS AND FIXTURES EMPLOYED.

TOOLS.

2. Hardened Squares.—Squares are made in several
styles and for a variety of uses, some of which are illustrated
and discussed. The hardened-steel squares made by
several manufacturers are the most accurate and reliable
that can be produced. Sizes up to 24 inches are made in
the form shown in Fig. 1 (@); in larger sizes the blade is

e e
e e

(w

FiG. 1.

sometimes attached with screws, as shown in Fig. 1 ().
Hardened squares are made in various sizes from 1} inches
to 24 inches or over, the size being measured on the inside
of the blade. These squares are used only for testing right
angles, and are not graduated.

3. Graduated Square.—A form of square similar to
the above, graduated on the back edge, but not hardened, is
known as the graduated square. It is an excellent sub-
stitute for the hardened instrument, especially on the laying-
out table. :

The well-known carpenter’s square, which is of the gradu-
ated type, is used for a large variety of work in the ma-
chine shop. For many ordinary uses it answers the purpose
perfectly, but it is not of the right form nor of sufficient
accuracy for the best grades of work.
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4. Adjustable Square. — The adjustable square
illustrated in Fig. 2 forms a combination having many use-
ful applications. The blade a is held in the stock 4 by means
of a hook clamp that enters the groove ¢ in the blade, and is
tightened by means of the nut 4. The groove ¢ runs the
full length of the blade, so that the stock may be set at any
point throughout its length. A special bevel blade ¢, with

F16.8.

a 45° angle at one end and a 30° angle at the other, may be
substituted for the graduated blade whenever these angles
are to be laid off or tested. This blade provides the angles
required in laying out either a hexagon or an octagon. The
stock is also provided with a level at f that may be used in
testing either a vertical or a horizontal surface.

It should be borne in mind that a square is perfect only
when the blade and beam are exactly at right angles to each
other, and that a fall or any careless use is liable to destroy
its accuracy.

5. Bevel Protractor.—The square is useful to deter-
mine a right angle, but it is often necessary to measure and
test other than right angles. The universal bevel pro-
tractor, which is illustrated in Fig. 3, is an instrument
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designed for this purpose. It consists of a stock ¢ having a
graduated circle 4 and an arm ¢ held to the rotating disk 4
by the thumbnut and clamp ¢. The disk & rotates upon a

Fi1G. 8.

pin on the disk 4 and is held in any position by the thumb-
nut £. The protractor is shown measuring the angle of the
face of a bevel-gear blank. The edge of the stock a is

FI1G. 4.

placed across the work and the arm ¢ brought in contact
with the face g of the gear and locked by means of the
nut . The line / on the disk & coincides with the twentieth
division on the graduated circle, which is the angle of the
face.
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A simpler protractor of excellent design is shown in
Fig. 4. It consists of a stock @ having a graduated rotating
holder 4 for the blade ¢, which is clamped in any position by
the nut 4. The holder & is graduated in degrees through
one-half of its circumference, or 180° and is clamped in any
desired position by the thumbscrew e. A center-square
head f, with which it is supplied, furnishes an excellent
means for centering lathe work. The head g makes an
adjustable square and a 45° angle, and is provided with a
level /& and scriber 1.

6. Combination Bevel.—A tool called a combina-
tion bevel is of almost
universal application and is
of great value on general
work. This tool is illus-
trated in Fig. 5. Though
essentially the same, this
bevel is made in different
forms by several makers.
This instrument is not grad-
uated, but must be used with one of the several forms of
graduated protractor illustrated in Fig. 6.

The protractor shown in Fig. 6 has the advantage of hav-
ing at the center a guide
pin a, which facilitates
the setting of the bevel.
This guide pin is a rivet
with half of the head cut
away; the bevel is held
square across the cut and
the outer end is set to the
desired angle. The guide
" pin is loose enough to conform readily to the edge of the bevel.

FiG. 5.
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Z. Center Square.—A\ useful form of center square
is illustrated in Fig. 7. The body is made of [3-inch sheet
steel. The two pins ¢,  arc  inch in diameter and § inch
long, and are so placed that a line 4 & drawn tangent to them
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will be square with the face @ @ and with the inner sides ¢, ¢

FiG. 7.

equidistant from a a; the face ¢ ¢ is made at an angle of 45°

Q
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with face @ a. This tool is
made in a variety of sizes, and
is used in centering work for
the lathe; it is easily applied to
either the inside or the outside
of rings, and is a good square
for drawing lines perpendicular
to any surface or edge.

8. Surface Gauges.—
Many forms of surface
gauges are met with in shop
practice, one form being illus-
trated in Fig. 8. The gauge
shown consists of a base & sup-
porting an upright a, which
carries a clamp ¢ for holding a
wire scriber &, which is bent at
one end, as shown, and locked
in any position with a thumb-
nut . The vertical rod may
be set at any angle by means
of the clamp and thumbnut at
/. while a still finer adjust-
ment may be made by means
of a lever device g and the
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thumbscrew %, the lever being pivoted upon the inner end
of the screw 7. This gauge is used in laying out work on
the boring mill, planer, or laying-out table. By its use,
castings are leveled and lined upon the tables of the various
machine tools, the alinement of shafts and surfaces is tested,
and many other special uses suggest themselves. A simpler
form, which is used very generally, has the vertical rod a
set solidly in a circular foot, so that @ at all times stands
perpendicular to the surface on which the gauge stands.

9. Scratch Gauge.—The scratch gauge, a convenient
form of which may be seen in Fig. 9, is generally constructed
from a round bar q, °
and hasa pin through
one end or a thin steel
star & screwed to its
end, as shown in the
illustration. A movable head ¢, hardened on its face and
held by a thumbscrew, may be located in any position on
the bar. With this tool a variety of operations may be per-
_ formed in laying out work where lines must be drawn
parallel to an edge.

TSRS |
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10. Hammers.—Machine-shop practice calls for a vari-
ety of-operations that may be classed as hammering. A
blow struck may be

only the fraction of an

ounce, such as a tool-

maker strikes on his

prick punch in laying

out accurate centers,

or it may be a blow

delivered by a ram

weighing a half ton

and pushed by a dozen

(a) ®) (c) men. The hammers

F1a. 10. used by machinists

weigh from } to 2 pounds and are designated as ball-peen,
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straight-peen, and cross-peen. The one most com-
monly used is the ball-peen hammer, weighing from 1 to 1}
pounds; it is shown in Fig. 10 (). This hammer is used
for all ordinary work, including riveting, and the effect of
the blow struck by the ball is equal in all directions. The
straight-peen, Fig. 10 (4), and cross-peen, Fig. 10 (¢), are
used when the effect of the blow must be greater one way
than the other. The smallest sizes of hammers are used on
light work, such as prick marking and finishing on dies.

11. Center and Prick Punches.—Center punches,
which are illustrated in Fig. 11 (a), are used, as their names
indicate, for punching the centers of holes to be drilled in

(d)
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the ends of shafts and similar articles that are to be turned
in the lathe, and also for making a mark or hole for start-
ing a drill in any drilling work.

The prick punch shown in Fig. 11 () is snmlar to the
center punch, but may be smaller, and must have a sharp,
well-ground point. The prick punch is only used to make
the light marks in laying out work, while the center punch
is used to make a larger hole and often to move a center
hole one way or another. Center punches should be ground
to an angle of 60°.
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12. The marker shownin Fig. 11 (¢) is a center punch
made of octagon steel; the part @ is turned to the size of the
holes to be marked off, and the center & projects about
% inch. In boiler work, rows of holes are first punched in
the edges of the plates, which are then bolted in place; the
circular part @ of the marker is put through the holes in the
first sheet and a blow struck on the head drives the point &
into the under sheet, thus making a mark for the center of
the punch. When all the holes are marked off, the shcet
goes to the machine and the holes are made as marked.
The size ¢ of the marking punch must in all cases be the
same as that of the punched hole. The marker is a tool that
is also used in the machine shop to some extent.

Holes that are laid out for drilling have a circle drawn to
their diameter with a pair of dividers. Where large num-
bers of these are to be drawn, a tool like that shown in
Fig. 11 (&) is useful. This may be made from a piece of
round steel turned as shown at @, making a center punch -
surrounded by a sharp ring 4. The point of this tool is
placed in the prick-punch mark that shows the center of the
hole, and a blow on the head of the tool locates the circle.
In some cases the diameter & of the tool is made the same as
the diameter of the hole to be drilled, though for some work
it is made larger than the hole and shows whether the work
has been properly drilled.

13. The scriber, which is usually made in the form
shown at &, Fig. 8, is commonly made of a piece of 3-inch
steel wire, from 6 to 10 inches long, ground sharp on both
ends and with one end bent at right angles to the main
part. It is hardened and tempered so that it will scratch
any metal but hardened steel, and it is used for drawing
lines in laying out work; it may be called the mac/kinist's
pencil.  Improved scribers, with nurled handles and inserted
scribing points of fine quality, are made by tool manu-
facturers and may be bought at reasonable prices.

14. Key-Seat Rule.—A useful tool for key-seat work
is the key-seat rule, which is shown in Fig. 12. This

S. Vol 11.—1o.
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consists of two straightedges clamped or formed together so
as to make a box square that is very useful for drawing par-
allel lines on shafting or similar curved surfaces.

Fic. 12

15. BenchCenters.—The bench centers illustrated in
Fig. 13 are for the convenience of the vise man in centering
work for the lathe. The
centers @ and & may be
set at any location along
the rod ¢. The head 4
is provided with either
a spring or a screw cen-
ter, so that the piece
can easily be put in
place or removed.

The operator takes the piece to be centered, puts it in the
vise, and center-punches it as nearly as possible in the
center. He now puts it in the bench center and rotates it,
noting whether it runs out, and how much. Having found
which side is out of the center by marking with chalk, he
proceeds to draw the center hole over toward that side with
the center punch. This operation must be repeated until
the piece runs true enough to finish. If the middle of the
piece is out of true or is crooked, it should be straightened
by hammering or by bending in the screw-straightening
press ¢, back of the centers. The straightening press con-
sists of two movable V blocks f, f resting on a base g, and a
screw / with a V point on the lower end, the screw being sup-
ported in a frame, as shown. To straighten a piece it is laid
upon the blocks f, f, with the bend up, and the screw
lowered until the bend is removed.

Fi6. 18.
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16. Dividers and Trammels.—Dividersare madein
a great variety of sizes and forms, of which
Fig. 14 may be taken as a type. They
are used in drawing circles, spacing off dis-
tances, and subdividing circles.

Trammels, shown in Fig. 15, are very
large dividers. They differ from the ordi-
nary divider in that they consist of two
movable heads @ and & that are generally
clamped to a bar of wood ¢. If the work
is varied, several bars of different lengths
should be provided. The tool illustrated
is provided with inside and outside caliper
points &, 4 and ¢, ¢, and long and short
divider points f, fand g, g, the latter being
shown in place in the movable heads. The
ball points £, 7, 7, # shown in the center
are for use where circles must be drawn or
spacing done from holes in partially finished work, the ball

F1G.- 14.
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making it possible to locate the point in the center of the
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hole. The heads a and & are secured to the bar ¢ by the
clamp screws / and .

17. Calipers.—Calipers are of almost endless shapes
and sizes, and are, perhaps, more universally used than any
other tool in the ma-

©®) chine shop. They are
used to measure
either the diameter or
length of sizes from
a small fraction of an
inch to several feet.
The simplest form
of caliper used in the
machine shop is shown
in Fig. 16. Fig. 16 (a)
illustrates an outside
caliper used for taking
(a) ®)

outside measurements
of shafts, wheels, and
similar articles, and Fig. 16 (8) shows its companion tool,
the inside caliper, which, as its name indicates, is used to
measure the diame-
ter of holes or the
distance between
two objects. The
best class of caliper
is provided with an
adjusting screw, as
shown in Fig. 17 (a)
and (4). Calipers
are often used to
measure the outside
diameter of screws,
and when so used,
are made as in
Fig. 17 (a), except (a) .
that the contact F1G. 17.

FiG. 16.
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surfaces @ and 4 are made wide enough to reach across two
or more threads. The outside calipers may be set directly
to a graduated rule or scale, or they may be set to standard
gauges or to pieces to be duplicated and then tried on the
work. The inside caliper is also set directly to holes either
in gauges or in the work, and the outside caliper is in turn
set to it and tried on the piece under operation. These
calipers are used in connection with standard gauges or
rules, or for the comparison of one size with another.

18. In Measuring Instruments is described another
class of caliper, the vernier and micrometer, which are grad-
uated, and from which the absolute size of the piece meas- -
ured may be read in thousandths or ten-thousandths of an
inch. The use of calipers is something that needs much
practice to insure good results. The workman must accus-
tom himself to the use of these tools and cultivate a delicacy
of touch in order to use them to the best advantage. Me-
chanics have been known to detect a variation of g5}45 inch
in the size of two cylindrical pieces with a pair of ordinary
spring calipers, while others could scarcely feel any differ-
ence between two pieces that varied as much as ¢ inch. If
the workman will set his calipers so that he can just feel
them pass over a cylindrical piece and will then hold a piece
of thin tissue paper against the side of the piece and try
the caliper over both, he will soon learn to note a variation
of 14w inch in size. Thin tissue paper varies in thickness,
but may ordinarily be called )77 inch thick, and common
newspaper, ¢y inch thick. .

Experience in calipering may be attained by taking a
piece of soft steel about 1 inch in diameter and 1 foot long,
centering it, and turning and grinding 10 inches carefully
so that one end will be 1}y inch larger than the other; a
sharp-pointed tool is now taken and ten lines 1 inch apart
put on the piece. The diameter of the piece will now vary
1des inch at each line, and by trying the calipers in the
various divisions one may familiarize himself with any vari-
ation that may occur between ;5 inch-and 1} inch.
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19. Inside Micrometer. — For making calculations
for shrink or forced fits, an instrument called an inside
micrometer, Fig. 18,
v# is of great value. This
instrument consists of
an ordinary micrometer
° barrel 2 and sleeve §,
which are graduated
and read just like the
micrometer described in Measuring Instruments. The
point ¢ is permanently attached to the end of the sleeve 4,
while at the other end the point & is adjustable, being held
in place by a small clamp or chuck operated by the sleeve e.
The point 4 is provided with two locknuts f by means of
which the over-all distance from the point & to the point ¢
can be adjusted so that when the micrometer reads zero this
distance will be a whole number of inches. In order to
adapt the instrument to measure distances over a consider-
able range, other points are provided to fit into the socket,
the length varying by some definite amount, usually # inch.
One of these extra points is shown in the upper portion of
the cut, just above the micrometer. A full set of points up
to the limit of the instrument is furnished with the microm-
eter. The distance from the point g to the shoulder /%
varies, as has previously been stated, by some definite
amount, usually # inch, and the wear on the point g is com-
pensated for by the adjusting nuts f.

Fic. 18.

20. Wooden Caliper.—For large and very accurate
work, a form of wooden caliper, shown in Fig. 19 (a), is
frequently used on work from 12 to 48 inches in diameter.
As it is only adjustable within small limits, a number of
sizes may be made to accommodate different sizes of work.
The frame should be made of some light dry wood, such as
white pine, from § to § inch thick and from 2 to 4 inches
wide, according to size. The main parts should be framed,
glued, and screwed together. The braces a, a, Fig. 19 (a),
may be } inch thick and screwed and glued on as shown.
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One arm is provided with a measuring screw & supported
in a head 4, shown in a larger view in Fig. 19 (8). The
head 4is set into the arm and is held by three bolts, as shown.
The screw is made with 40 threads to the inch, and by

(a)

@ @ C]:::: B,

WMWVW A
PIG. 19.
graduating the head of the screw into 25 parts and provi-
ding a knife edge ¢, as shown, to facilitate the reading, posi-
tive measurements to 1445 inch can be made. The head is
provided with a slot in the upper end and two adjusting
screws f, f in order to make adjustment for wear. This
head can easily be removed and attached to a caliper of an-
other size, thus enabling it to be used with any number of
sizes. The other arm of the caliper is provided with a
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straight pin ¢, held in a hole bored through the arm. A
saw cut in the end of the arm and two small bolts provide
a ready means for setting the pin. ‘By substituting a screw
for the pin ¢, a finer and better adjustment is obtained.

When the work does not warrant the expense of such a
screw head as shown in Fig. 19 (@) and (8), a screw like the
one suggested to replace the pin ¢ may be used instead.
This screw may be made cheaply by threading a piece of
rod } inch or # inch in diameter, splitting one end and
soldering in a piece to form the wings of a thumbscrew.
Any convenient thread may be used.

When fine measurements must be made with very great
accuracy, a Starrett inside micrometer having a long shank
may be substituted for the screw head, thus forming a mi-
crometer caliper capable of measuring half and even quarter
thousandths with very great accuracy. The wooden mi-
crometer caliper looks crude and primitive, but it should
not be judged harshly. It is lighter and stiffer than a
metal caliper, is not so subject to flexure as a large metallic
caliper, and is not affected by the heat of the hand, which is
a constant source of error and trouble in metallic calipers.

21. Precautions in Setting Large Calipers.—The
flexibility of alarge pair of calipers may be tested by open-
ing them to their largest capacity and laying them down on
a table or bench, then taking an end measure of correspond-
ing size and adjusting the caliper to it, or, if it is a large
inside micrometer, setting it to the caliper. The gauge is
then laid down on the bench and the caliper picked up, hold-
ing it by the joint with one hand and allowing the points to
hang down. It will be found on trying it on the gauge that
it will not pass over it without using considerable force.
A large iron caliper should, therefore, always be set in the
same position in which the measurement is made.

22. Hermaphrodite Calipers.—The hermaphrodite
caliper is a combination of the outside caliper and the divider,
in that one leg is an outside caliper and the other is a straight
divider leg that is used as a scriber.
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23. Hack Saws.—The hack saw is a tool of growing
importance in the machine shop as well as in many other
places. These tools were formerly rarely met with, as they
were high in price and much, labor was required to keep
them filed sharp enough to be of any great service. Hack-
saw blades are now made in lengths of from 6 to 16 inches,
and even longer, and may be used either in hand frames or
in specially designed power machines.

The hand frame illustrated in Fig. 20 () is an adjustable
frame in which blades from 8 to 12 inches long can be used.
The clamps holding the
blade may be set in four
positions, which allow
the saw to be operated
in any direction. Fig.
20 (4) shows the blade .
set at right angles to
the plane of the frame
to cut lengthwise of the (%)
piece. FIG. 20.

{a)

24. The power hack saw illustrated in Fig. 21 in
many instances takes the place of the cutting-off lathe.
These machines are provided with a vise for holding the
stock to be cut off, and are made to stop when the piece
is cut through. The blades used in the machine are gen-
erally 12 or more inches long; they will cut stock as large
as 4 inches in diameter, and will cut any metal not hardened
or tempered. The power saw has a great advantage over
the cutting-off machine, in that it will cut stock of any
irregular section. It is especially adapted to cutting off
tool steel, which it does quickly, with very slight waste.
The saw frame of this machine has an upward motion
during the back stroke that lifts the teeth off from the
piece being sawed, thus saving the points of the teeth.

Hack-saw blades are so hard that they cannot be filed, and
so cheap that when dull they may be thrown away. They
" are made with about 25 teeth per inch for sawing thin metal,
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brass tubing, and pipe, and with about 14 teeth per inch
for other work. - The blades used in hand frames are about
1¥§5 inch thick and § inch wide, an 8- or 10-inch blade being
the most economical. Longer blades are more liable to get

FiG. 21.

cramped and broken in the hand frame than in the machine.
The blade best suited to the machine has about 12 teeth to
the inch, is about 1} inch thick, and § inch wide.

Hack-saw blades, while very hard, have a fair amount of
elasticity; 10-inch blades of the best makes may be bent to
a half circle without breaking. In hand work, the operator
should lift the frame up slightly when drawing the saw
back, as the back stroke is more destructive to the teeth
than the forward stroke.

25. Plumb-Bobs. — The plumb-bob may be called a
vertical level. It is made ina variety of forms and has many
uses in the machine shop. The plumb-bob consists of a
weight hung by a string or wire. For some purposes, a nut
tied to the end of a string is used, but for most work a special
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form of weight is employed. A form that takes little space
and has many advantages is shown in Fig. 22 (¢). This is
made by drilling out a steel rod @ and filling the space &
with mercury, which is held in place by the screw ¢. The
cap 4 has a small hole through it, which is counterbored in
the bottom to hold the knot in the line, which should be of
the braided or woven variety. The small diameter of this
tool makes it particularly useful when hung near a partition
or upright, or in windy places. The point is ground true.

The most common form is that shown in Fig. 22 (8); it
is often made with a brass body ¢ having an inserted steel

(o)

FiG. &.

point s and the usual cap f for holding the line. This
plumb-bob has most of its weight at the upper end, which
makes it somewhat unsteady. A better form for use where
great accuracy is desired is that shown in Fig. 22 (¢). This
is made with a brass body g having its greatest weight at
the lower end to insure steadiness. The point % fits the
taper hole through the body ¢ and is held in position by the
cap 7. The point is readily removed for repairs and may be
used without the body by simply screwing on the cap. The
point may be ground by providing a sleeve about 1} inches
long, reamed to the same taper as the body and turned
parallel outside so that it may be held in the chuck. In
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using a plumb-bob, if the line is unusually long, so that
there is a tendency to vibrate, the plumb-bob is sometimes
allowed to hang in a pail of water or oil in order to steady it.

26. Spirit Levels.—The level is used in testing hori-
zontal lines and surfaces. The carpenter’s and mill-
wright’s level is provided with a second glass, placed at
right angles to the horizontal so that it may be used in
testing vertical surfaces. The essential feature of this level
is a glass tube or vial nearly filled with alcohol or ether and

Fio. 3.

sealed at both ends. For the carpenter’s level, the tube is
slightly bent, as shown in Fig. 23 (). It is obvious that
the air contained in the tube will always seek the highest
point. Owing to this fact, the tube is mounted with its
high side up. A line is generally scratched on the glass
at a so that when the level is set against a level surface, the
bubble stands central with the mark.

For work requiring the greatest accuracy, the ground-glass
tube is used. This is a tube ground on the inside to a
barrel shape, as shown somewhat exaggerated in Fig. 23 (4).
The curve in these glasses is very slight, being from 25 feet
to 50 feet or more in radius. The less curve there is in
the glass, the more sensitive will be the level. The bubble
in the ground glass is much longer than that in the bent
one.

27. Fig. 24 shows the ordinary form of iron level
used in the machine shop. The carpenter’s level is gener-
ally made of hard wood, the best of them being built up of
several hard well-seasoned strips glued together. Many of
these are used in the machine shop.

For erecting large engines and all work where special
accuracy is required, a master level isused. This instru-
ment should be from 12 to 18 inches long and the base
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from 1} to 1 inches wide, with a 45° V groove % inch
wide running its entire length. The base should be scraped
perfectly flat and parallel and the V must be carefully tested
to be sure that it is exactly parallel with the edges. The
glass should be of the ground variety, preferably graduated.

Fi1c. .

An excellent type of this form of level is shown in Fig. 25.
In this illustration, the two vertical studs a, & carrying the
glass holder are provided with nuts for adjusting the glass
with the base. The hole through which one stud passes
should be made a little larger than the stud to allow for the
sidewise adjustment that must be made in levels that are to

PF1G. 25.

be used on a shaft. Two screws ¢ through the sides of one
of the glass-holder ends, Fig. 25, butting against flat spaces
on the stud, accomplish this. The best of these levels,
when placed on a surface plate, will show a movement
of ¢ inch if a piece of tissue paper is placed under one end.

28. A level may be tested by putting it on a surface
plate known to be level, and turning the level end for end;
both positions should show the same position of the bubble.
Next, turn the level up on one edge and note whether the
bubble moves in either direction. Repeat the operation on
the other side, and if the bubble still remains in the center,
the glass is perfect and correctly set. Next, place two short
rollers of exactly the same diameter on the plate and place
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} inch of the end of the V on each, keeping the tool as near
level sidewise as possible, and then rock it from one side to
the other. In this test, as in the other, the bubble should
stand central. If it does not, the V should be scraped until
it does.

If, in selecting or setting a glass, it is found that it is
perfect in the horizontal position, and when set up edgewise
will always show high on one end
and is the same when reversed,
the fault is due to a slight de-
fect in the glass, probably caused
when the opening was sealed, one
end having been made a little
larger than the other. It can

Fic. 26. only be noticed when the level
is rotated on the rollers or on a shaft, as shown in Fig. 26.

29. Hydrostatic Level.—A convenient form of level
for some purposes is the hydrostatic level illustrated in
Fig. 2%. This consists —
of two upright glass tubes N
a, a with suitable gradua-
tions; bases provided
with stop-cocks & and a
hose ¢ connect the bases.
When leveling two points,
one gauge is placed on
each. The stop-cocks are
opened and when the
water comes to rest are
closed again, thus confi-
ning it at the exact height
indicated. Any length
of hose may be used and
freczing may be pre-
vented by adding about FiG. 91,

10 per cent. of glycerine to the water when filling the level.
This instrument is particularly adapted to leveling line
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shafting having pulleys so close together that an ordinary
level cannot be used. The hose may be carried around disk
pulleys, clutches, and hangers or through partitions.

CLAMPING AND HOLDING DEVICES.

30. Introduction. — In. the machine shop a large
amount of work is necessarily done by hand, and holding
and clamping devices of varioussorts are required for pieces
that are not heavy enough so that their own weight will give
them the necessary stability. The parallel jaw vise will
hold nearly all plane pieces, and special jaws or devices are
made for holding irregular and special forms. Several
types of vises and special devices will be illustrated and
described, and these may
serve to suggest others
suitable for special oper-
ations.

31. Screw Vise.—
In Fig. 28 is illustrated a
heavy form of ironwork-
er’s vise designed for the
largest, heaviest, and
roughest class of work.
The jaws are made as
large as 8 inches wide;
and while this type is
useful for large work, it
is also copied in the well-
known hand vise with
jaws 1 inch or less in
width. In this vise the
jaw is operated by the
screw, which requires
considerable time for its manipulation. Where a vise has
to be operated very often or through a considerable portion
of its jaw traverse, some special provision must be made.

F1G. 28.
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32. Rapid-Motion Vise.—In Fig. 29 is an illustration
of a vise so constructed that the operator simply pushes the
cam-handle @ away from him
with his right hand and thus
releases the work and allows
the movable jaw & to be rapid-
ly pushed or pulled into any
position. The work is placed
between the jaws and gripped
P1G. 2. by a pull on the lever.

33. Swivel Vise.—For the tool room and many places
where light or fine work is done, a screw vise like that shown
in Fig. 30 is frequently used.
This vise is made in various
sizes up to those with 7-inch
jaws. A commonsize for tool-
room use has a jaw 2§ inches
wide. The back jaw a is
hinged and held parallel with
the front jaw by a taper pin &,
shown above. It is often de-
sired to hold wedge-shaped Fic. 30.
pieces, and for this work the pin & is removed and the pres-
sure of the fixed jaw against the work rotates the movable
jaw to conform to the piece held. This vise is also provided
with a base plate ¢, which is bolted fast to the bench. The
vise proper is swiveled to this base and held in any desired
position by the pin &, which is drawn up to release the vise
and dropped into one of a series of holes in the base when
the vise is in the proper position.

34. Pipe Vise.—The pipe vise is a special form of tool
made for firmly gripping pipe or other hollow pieces that
would be crushed if gripped in the ordinary vise. Fig. 31
illustrates one of the best forms of vise for this class of
work. The pipe is gripped between two jaws a, @’ held in a
malleable-iron frame with a movable top 4 hinged at .
When in use, the free side of the top & is held in place by
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the pin /. The hinged top on this vise allows fittings to be
screwed to both ends of a piece of pipe, and then, by simply
withdrawing the -
pin f, the whole top
of the vise may be
thrown back clear of
the work, which can
be lifted out instead
of being pulled
through the jaws.

35. Vise Jaws.
All the vises illus-
trated are made of
cast iron, except the
pipe vise, which is
of malleable iron.
These materials
make poor gripping
surfaces, so the jaws
are covered with
welded or riveted
steel faces having cross-cuts on them, in order to grip
the work more firmly. It is plain that a piece of fin-
ished work gripped in such a manner would be seriously
marred. This trouble may
be overcome by using the
device shown in Fig. 32,
which is admirably suited
for holding the best finished
work. It consists of two
pieces a, a having shoul-
ders b, b to keep them from
falling out of the vise.
These pieces are held apart
by springs ¢ that press them
against the jaws when the vise is open, and they are faced
with vulcanized paper, which is used like any of the copper,

S. Vol. IIl.—11.

FiG. 32.
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leather pieces so commonly used for such work.
ance of this sort provided with round holes of vari-
, half of the hole being in each jaw, permits finely
polished brass or nickeled pipe and
similar work to be held without
o marring the finish.

36. Special Forms of Vise.
Special forms of vise are often made

\y for holding work that is of such form
° > as to make it inc?nvenient to hold it
! in the common vise. A good exam-

ple of this class of tool is the filing
stand shown in Fig. 33 (@), whichis
a fixture for holding the swivel slide
of a planer head while the edges
are being finished. This vise, af
holder, consists of a three-legged
base a, screwed to the floor, sup-
. porting an upright ¢ that may be
- clamped in any position by the set-
screw 4. The top of the upright
is bent at right angles to ¢ and
threaded for the nut 4, which
1e work ¢ against the solid collar f, as shown in the
:w of Fig. 33 (5).

FiG. 88

clamp Dog.—The clamp dog illustrated in Fig. 34
in several forms and finds many uses in the shop.
has two clamp pieces @
d together by the bind-
vs ¢ that pass through
d holes in 4 and tapped
Notches cut in both

d the dog square with
to which it is attached.
¢ should be bent from
bar and not set in, as

imes done. For lathe
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work, the tail may be made round, but if the dog is to be
used on the milling machine, it should be made flat, with the
flats standing toward the center notch & This dog is often
used in floor and bench work, and is very useful, especially
in grinding joints and bearings where a solid dog could not
be placed, and when made for general work, both screws
and clamps are made heavy enough to stand any reascnable
strain that will come upon it.

REAMING STANDS.

38. The reaming stand, Fig. 85, is another form of
special vise, consisting of an upright a, the top & of which
carries four jaws ¢ op- c
erated by the handle d.

This stand is bolted to &

the floor and has an 3
opening ¢ in the col-
umn so that tools may 'w
be run clear through ﬂ
the work and removed
at the bottom. Pul-
leys, gears, and simi-
lar pieces may be held
for hand reaming and
work may also be held °
for tapping. A simi-
lar, and, for some

purposes, more con- w
venient form of ream-
ing stand is made by
fastening a four-jaw
combination or uni-
versal chuck on an F1G. 8.

upright. The universal chuck has the advantage that for
many small pieces only one screw has to be moved to put in
or remove the work.
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BENCHES.

39. Introduction.—It has already been said that
bench work is to be distinguished from floor work only by
size and weight of the parts on which the work is to be
done, the heavier parts being placed on the floor and the
lighter on benches of suitable height. The benches form a
very important part of the equipment of a shop, especially
where a large amount of light work is done. They are
usually made about 30 to 36 inches high, depending on the
character of the work, the lighter work being done on the
higher benches.

The design of benches varies greatly, some being made
stationary and others portable. The design must, however,
always have provision for attaching a vise, without which
a machinist’s work bench is not complete. For this reason
they are frequently called wvise bcnches. A number of
representative benches of the best classes in use are here
described. :

40. General Arrangement.—The vise bench should
be located along the side of the room where the best light
is to be had. The north side of the building makes the best
location for the bench because the light is more even at all
hours of the day. The main features of the bench must,
of course, be governed by the work to be done, but it should
always be convenient, clean, and rigid. In many shops the
bench is made with wooden uprights fastened to both the
wall and the floor, and has a hardwood top, which is 2 inches
thick for a bench for light work and from 3 to 4 inches
thick for a bench for heavy work. The front of the bench
gets the hardest usage and the back half of the top may be
made much thinner. Vises suitable for the work to be done
should be located at convenient distances apart, and for each
vise there should be one or more drawers, cach provided
with a lock and arranged to hold conveniently such tools as
the workman may require. Sometimes a tier of drawers is
put in instead of the single one, while at other times cup-
boards are preferred. Cupboards, however, take up a great
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deal of room and hold comparatively little, and for this
reason the drawers are usually more desirable.

41. Bench With Cast-Iron Legs and Frame.—The
best form of bench for general use is that illustrated in
Fig. 36. A cast support a is bolted to the floor and also to
the wall. The lower part has a bracket for carrying a shelf &
that extends the whole length of the bench, while provision
is made under the top for alternate drawers and shelves.
Provision is also made in each support by which the bolt
holding the vise passes through the casting and thus holds

F1G. 86.

the vise in the most rigid position. The shelf near the bot-
tom is so placed as to allow ample room for the sweeper to
get his broom clear to the wall. The top of the bench
should be made smooth and all the visible woodwork
should be varnished with good shellac. This makes it much
casier to keep clean and neat. If the shop is hecated by
steam, the pipes may be placed under the bench and open-
ings ¢ provided before the windows. This insures a rising
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vises for a small laying-out table.

gibs & provides a conve-
nient place for the tools
used by the workman.
This bench is easily moved
to any part of the shop
where the work ‘is being
done, and it takes up but
little space.

44. Post Bench.—
Fig. 39 shows a conve-
nient form of bench
that may easily be con-
structed out of two
pieces of timber cut to
fit a post or column and
fastened in position with
two bolts. It is useful
principally as a vise
bench, as shown, but may
be used for a variety of

purposes.

0 b

Fic. 88.

1

A cast drawer ¢ held by
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COLD CHISELS.
45.

Flat Chisel.—The forms of chisels most com-

monly used are the flat, cape, diamond, grooving, and side
chisels, and the gouge.

They are generally made from
octagon steel of such size as to be most convenient for the

work for which they are to be used. Special grades of steel
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are made for chisels, and much trouble will be saved by
using these grades for this class of work.

The flat chisel is the one most generally used; it is
made in the form shown in Fig. 40 (@) and (¢). The width
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of the cutting edge should, if- possible, be proportioned to
the hardness of the metal on which it is to be used, but if
one width of chisel must answer for brass, cast iron, steel,
and Babbitt, lighter blows should be struck while cutting
the softer metals, or the metal will be broken away before
the chisel and not be cut smoothly. A chisel about 1 inch
in width is usually used for general purposes.

For finishing surfaces, the edge of the flat chisel should be
ground square, as shown in Fig. 40 (@), the best angle for
ordinary work being about 60° as shown in Fig. 40 (5).
This angle may, however, vary between about 50° and 75°,
depending on the hardness of the material to be chipped.
Chisels ground with square corners, as shown in Fig. 40 (a),
are apt to have the corners broken when used for heavy
work, but this can be prevented to some extent by grinding
the chisel slightly rounding, as shown in Fig. 40 (¢). This
mode of grinding is especially useful for chisels that are to
be used for removing small amounts of material from fine
work, as the corners are always in sight and serve as guides
to the operator.

46. Cape Chisel.—The cape chisel, which is shown in
Fig. 40 (d) and (¢), is used for narrow grooves, and is made
in widths to correspond to the widths of the grooves to be
cut; for general work it may be from § to } inch wide. This
chisel should be made wider at the cutting edge than it is
farther back, in order to provide side clearance. The chisel
will then work easier and will not break out the edges of the
groove. Where a large surface is to be finished by chipping,
it is customary to drive a number of grooves across it with
the cape chisel and then use a flat chisel to remove the
stock left between the grooves.

47. Gouge.—The half-round gouge shown in Fig. 40 (1)
and (g) is for work on rounded surfaces or fillets or for cut-
ting half-round grooves.

48. Diamond Point.—The diamond point shown in
Fig. 40 (%) and () is used for V-shaped grooves or for
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g out corners. It is largely used with a very light
r in lettering bottle molds, for which use it is made
inch steel.

Grooving Chisel.—The grooving chisel, Fig. 40(/)
), is used for oil grooves and similar work, and is
nade of extra length to reach through long hubs.
iisel should be made wider at its cutting edge than it
er back, as in the case of the cape chisel; otherwise
t to leave a burr on the edges of the groove.

Side Chisel.—The side chisel shown in Fig. 40 (/)
) is used for finishing the sides of slots and similar
The chisel is ground straight on the side next to the
f it is to be used in deep holes; for shallow holes it
to give it a slight angle, as indicated by the line a§,
(/), and to allow the body of the chisel to stand at
er angle to the work while being used.
proper cutting angle for most of the chisels mentioned
s practically the same as that for the flat chisel for
of the same grade, the angles for different grades of
rarying from 50° to 75°. The softer the metal, the
- the chisel should be. )

chisels are often used in the pneumatic hammer, and
o used the shanks must be fitted to the holder in the
r, either by turning or milling, and the head should
fully tempered in order to keep it from being upset
sjocket of the machine. The chisels used in the pneu-
nachine should be longer than those used by hand.

CHIPPING.

Introduction. — Chipping is the process of re-
r stock by means of the hammer and chisel. It cor-
Is to the roughing cut in machine tool work, and the
hat follows it takes the place of the finishing cut.
¢ are two methods of chipping—the hand and the
atic. Chipping is a process applied to the roughest
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and coarsest work, and it is also used on some of the finest
work that comes to the machinist. It is used in the
machine shop, foundry, and smith shop, and chisels of vari-
ous sorts form an important part of the outfit of the erect-
ing gang. A heavy chisel fitted with a wooden handle is
used in both foundry and machine shop for removing the
largest projections and fins on castings.

52. Holding the Hammer and Chisel.—For ordi-
nary chipping, a hammer weighing from 1 to 1§ pounds is
used, and a variety of chisels, the most common of which
are the flat, cape, gouge, and various forms of side and

FI1G. 41.

grooving chisels. When chipping, the hammer is held in
the right hand, as shown in Fig. 41, and is grasped by the
thumb and second and third fingers, the first and fourth
fingers being closed loosely around it. This method of
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holding the hammer handle allows it to be swung more
steadily and more freely without tiring the hand so much as
would be the case if the handle were grasped rigidly by all
four fingers. The chisel should be grasped in the left hand
with the head close to the thumb and first finger. The
chisel is held firmly with the second and the third fingers,
and the little finger may be used to guide the tool as may be
required. The first finger and the thumb should be left
slack, as they are then in a state of rest, with the muscles
relaxed, and are less liable to be injured if struck with the
hammer than if they were closed rigidly about the chisel.
The point of the chisel is held on the work, as shown in
Fig. 41, at the place where it is desired to take the cut, be-
fore the hammer blow is delivered, and at an angle that
will cause the cutting edge to follow approximately the
desired finished surface. After each blow the chisel is reset
to its proper position.

EXAMPLES OF CHIPPING.

53. Piston-Valve Bushing.—Fig. 42 is an illustra-
tion of one class of bench work; arepresents the bushing of
a piston valve in which two series of ports 4 and ¢ must be
cut out of the solid metal by hand. This same operation
may be performed more economically on a milling machine,
but it is frequently done by hand. The ports are laid out in
the usual way, the outline & being clearly marked on the
painted surface. The bushing is then taken to the drilling
machine and the ports are drilled out, just enough stock
being left outside of the drill holes to insure a good finish.
The holes may be drilled so close together that when the
drilling is finished, the block of metal may ecasily be removed
by a blow with the hammer. The ridges between the drill
holes are chipped away, as shown in the illustration, and the
sides of the ports are finally finished to the lines by filing.

54. Key Seats.—Key seats in pulleys and gears are
often chipped in. They are first laid out on both ends of
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the hub and lines drawn through the bore. If the key seat
is a narrow onc, a chisel of corresponding width is used and
the cut driven from each end; but if the seat is a wide one,
two or more narrow parallel grooves are chipped through,
and the stock between is removed with a flat chisel.

Fi1G. 42.

55, Cutting a Keyway.—The manner of laying out
and cutting a key seat in a shaft is as follows: The key seat
is first laid out as sltown by the lines @ 4, ¢ d, ¢ f, Fig. 43 ()
The lines are sometimes marked with a prick punch, as shown.
The side lines @ & and ¢ & of the key seat should be marked
with a deep chisel cut, as shown at @ and 4 in the end view,
to prevent the material from tearing out along the sides of
the keyway during the first cut with the chisel. This cut
is best if made with a side chisel ground and held in the man-
ner shown at g, Fig. 43 (4). An ordinary flat chisel may be
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used for this mark, if ground quite thin and held at such an
angle as to bring one of its cutting sides square with the side
line 4.

A cape chisel of proper width is used to remove the stock,
several light cuts being driven through the key seat, as in-
dicated by the dotted lines in Fig. 43 (a). The key seat, if
long or at the end of the shaft, may be finished by filing,
but when it is in the middle of the shaft this is impossible,
and the finishing must be done with chisels.

" (a) ()
Fi1G. 43.

It is sometimes considered easier to drill out the stock
before chipping. This is done by laying out and drilling a
line of holes like that marked /%, Fig. 43 (@), down to the
right depth and squaring the bottoms with a square-end
drill and chipping the remaining stock to the lines. This is
especially applicable to large key seats.

56. Chipping Large Flat Surfaces. — Large sur-
faces, whether flat or curved, are finished by chipping in the
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following manner: The piece is laid out as shown in Fig. 44,
the lines a 4, a ¢, etc. extending around the work in such a
manner as to outline the cdges of the required surface. In
order to facilitate the starting of the chisel and to prevent
the breaking off of the stock as the chisel leaves the work, it
is well to chamfer the front and back edges as shown at a &
and cd. The stock above the lines @ 4, ¢ 4, etc. is removed
by first cutting grooves ¢, ¢ across the surface, leaving the
ridges f, f between. These ridges are subsequently removed

FIG. 4.

with a flat chisel. In the illustration, the left-hand ridge
has all been removed, and half of the one next to it. By
cutting the grooves across with the cape chisel, the work of
the flat chisel is much reduced, as it has only straight cut-
ting with no tearing or lifting of the metal at the corners.
The width of the ridges f is determined by the width of the
flat chisel to be employed and should be as wide as the char-
acter of the material being cut will permit.

57. Chipping Strip.—The castings for boiler fronts
and many other kinds of work are frequently fitted by chip-
ping and filing. Work of this class has what is called a
chipping strip on the casting wherever fitting is to be
done. This strip is § inch or more higher than the body of
the casting and wide enough to make the joint or fit. Cast-
ings to be fitted by this process are put together and their
high spots noted, chalked, and chipped off. As the work
progresses and the heavier parts are removed, red marking
is rubbed on the work and the parts tried or rubbed to-
gether. The coating of red will be rubbed off on the spots
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59. Die Sinking.—Die sinkers do a great deal of chip-
ping in finishing their dies. All the stock that can be is
removed by some form of machining and the inaccessible
parts are chipped with special chisels and finished by filing
and scraping.

60. Making Bettle Molds.—The lettering on glass
bottles is made by letters cut into the bottle mold. The
letters are marked off in the mold and then the operator
chips them out, using a hammer weighing about 4 ounces.
The main parts of the letters are formed by a V or diamond-
shaped chisel, like the one shown in Fig. 40 (4) and (¢).
During this portion of the work the chisel is driven ahead, as
in ordinary chipping; but to form the ends of the molds, the
chisel is held in an upright position and driven downwards.
A graving tool is used to smooth the letters, and bent or half-
round files are used for smoothing the surface of the mold.

FILES AND FILING.

INTRODUCTION.

61. Use of Files.—In finishing machine parts, there
are many cases where a smaller reduction in size or a more
perfect surface'is required than can be obtained by the use
of machine tools or by chipping. Files are used for either
of these purposes, for by their careful and skilful use great
accuracy can be obtained. In order to make a rough sur-
face smooth, files of various degrees of fineness are used, a
coarse one first, followed successively by finer grades, the
piece being finished with the finest.

62. Elementary Principle.—A file is made of a piece
of steel of the desired shape and size, and has a series of
grooves cut across its face. When a file is passed over the
surface of a body of metal or other material, the teeth

" formed by the grooves act on it as a series of small chisels,

S. Vol. lIl.—12.
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loving a small chip. By passing the file across the
accessively, the high parts are removed. Each file,
leaves its own marks, and these are removed, if
>y means of ‘the finer grades.

DEVELOPMENT OF FILES.

Hand-Cut Files.—Formerly, all files were cut by
h flat chisels, the spacing being gauged by the eye,
chisel, and weight of hammer blow. The steel
ich they were made was forged to the required
ith a tang on which to fasten a handle. The piece
carefully annealed, after which it was ground and
e hardening was usually done by covering the file
»ating of some substance that protected the teeth
action of the heat, but permitted the body to be
ra temperature that would give the proper hardness
: file was plunged into a bath of oil or water.

Machine-Cut Files.—On account of the expense
cutting, various methods of cutting with machines
:n tried, with varying degrees of success. The
hine.cut files were cut with regularly-spaced teeth.
‘e serious objections to this style of files, since, in
e teeth follow each other at regular intervals and
> the cuts made by the preceding ones, causing
g. The hand-cut files are more satisfactory, as the
egularity in the spacing is sufficient to prevent the
g. This difficulty in machine-cut files was over-
a few makers by two methods. It was found that
ising the spaces between the teeth gradually from
to the middle, and again decreasing as the other
sproached, enough variation may be produced to
he chattering, without causing enough change from
spacing to affect the working conditions. By this
of cutting, called the 7ncrement cut, the two ends
e are of the same coarseness, while the middle is
t coarser.
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Files are also cut with the gradations of spacing running
from one end to the other, the spacing being finer at the
point and increasing gradually to the shoulder, thus accom-
plishing practically the same result as in the style mentioned
above. This is also known as an increment cut.

Chattering is also prevented by cutting the teeth slightly
out of parallel. By changing the direction of the deflection
several times in the length of the file, enough variation may
be obtained to avoid this trouble. Files cut in this way are
largely used at the present time.

It has been found that by varying the angle of the motion
of the file gradually during the forward stroke, when there
is a tendency to chatter, the regularly-spaced file will work
smoothly and well, and hence this style of file is still used in -
many shops.

DEFINITION OF TERMS.

65. The following definitions are taken almost in their
entirety from ‘‘ Filosophy,” one of the publications of the
Nicholson File Company.

Back.—A term commonly used to describe the convex

side of half-rounds, cabinets, pitsaws, and other files of
similar cross-sectional shape.

(a)

SIS

FIG. 46.

Bellicd —A term sometimes used to describe a file having
a fulness in the center.
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Blunt.—A term applied in describing files that preserve
their sectional shape throughout, from point to tang, as
shown in Fig. 46 (a). ’

Equaling.—A term applied to describe a d/unt file upon
which is produced an exceedingly slight belly, or curvature,
extending from point to tang, the file apparently remaining
blunt.

Filing Block.—A piece of hard close-grained wood, having
grooves of varying sizes on one or more of its sides. It is
usually attached to the work bench by a small chain, and
when grasped in the jaws of a vise is particularly useful in
holding small rods, wires, or pins that are to be filed; also
in filing small flat pieces that are held on the block by pins
or by letting in.

Float.—The coarser grades of single-cut files are not
infrequently called foats when cut for the plumber’s use or
for use on soft metals or wood.

Hopped.—A term known among file makers, and used to
represent a very coarse, or gpen, spacing of the teeth (some-
times exceeding } inch), mostly applied to the backs of half-
rounds and to the edges of quadrangular sections.

Middle Cut.—A term used to designate the cut of a file
when it is of a grade of coarseness between the roug/ and
the bastard. 1t is but little used in this country.

Recut, or Recutting.—The working over of old or worn-out
files by the several proacsses of annealing, grinding out the
old teeth, recutting, hardening, etc., and thus again prepar-
ing them for use. Thisoperation is sometimes repeated two
and even three times, but the economy of recutting at all is
very much questioned, and the practice is done away with
in most of the best shops of the present day.

Safe Edge (or Side).—Terms used to denote that a file
has one or more of its edges or sides smooth or uncut, that
it may be presented to the work without injury to that por-
tion which does not require to be filed.

Scraping.—As applied in machine shops, the process con-
sists of removing an exceedingly small portion of the wearing
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surfaces of machinery by means of scrapers, in order to
bring these surfaces to a precision and nicety of finish (as
determined by the straightedge or surface plate) not attain-
able by the file or by any other means with which we are
acquainted.

Superfine (or Super) Cut.—A term applied by the Lanca-
shire file makers to designate a grade of cut known in
America as ‘* dead smooth.”

Taper.—This term is used to denote the shape of the file
shown in Fig. 46 (4) as distinct from blunt. Custom has
also established it as a short name for the three-square, or
triangular, hand-saw file.

DISTINGUISHING FEATURES.

66. Character of Cut.—The teeth of files are not
generally cut at right angles to the sides of the file, but are
set at an angle, as shown in Fig. 47. This angle varies for
different materials. Files used in machine shops are cut in
two different ways, known as single-cut and double-cut.

. ——

®)
FI1G. 47.

67. Single-Cut. —Single-cut files are cut with a
single series of teeth running continuously from one end of
the file to the other, as illustrated in Fig. 47 (a). They
are used almost entirely for filing in lathes, and for the
softer materials, such as lead, wood, horn, etc. The coarser
grades are often called floats.
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Double-Cut.—Single-cut files are rarely used in
achine shop, except on lathe work or on brass. By

F10. 48.

g another cut, at an angle to the first, or over-cuf, a
produced as shown in Fig. 47 (4), and is called a
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doublc-cut. The second, or wup-cut, is generally cut a little
finer and not as deeply as the over-cut. The angles that
the two cuts make with the axis of the file vary for differ-
ent uses, the over-cut ranging from 35° to 55° and the up-
cut from 75° to 85°. The up-cut has the effect of dividing
the small cutting edges produced by the over-cut into a
large number of small pointed teeth. Files thus made in
various grades of coarseness give excellent results on the
ordinary materials used in machine construction.

69. Coarseness of Cut.—American practice has di-
vided machine-shop files into the following classes with
regard to their coarseness:

Single-Cut. — Rough, coarse, bastard, second cut, and
smooth.

Double-Cut.—Coarse, bastard, second cut, smooth, and
dead smooth.

The coarse and bastard cuts are used almost entirely on
the coarser grades of work, and the second cut and smooth
are used in finishing and for the finer classes of work. The
rough and dead smooth are rarely used in the machine shop,
although occasionally a rough single-cut may be required
where much work in lead or other soft material is necessary.
The dead-smooth double-cut is occasionally used on ex-
tremely fine work, but it is required so rarely that many
good mechanics never have occasion to use one.

The coarseness of the cut for each grade varies with the
size of file, the cut being coarser on the larger files. Fig. 48
shows the comparative coarseness of 4-inch and 16-inch files,
(a), (8), (¢), and (4) showing the single-cut, rough, coarse,
bastard, and second cut, and (¢), (f), (g), and (%) the
double-cut, coarse, bastard, second cut, and smooth.

STYLES OF FILES.

70. Files are divided into three general classes with
regard to their cross-sections, viz.: quadrangular, circular,
and triangular. Besides these, there are some other
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miscellaneous cross-sections, but they are not used in ma-
chine’shops, and will therefore not be considered here.

The accompanying table, which is taken almost entirely
from *¢ Filosophy,” shows the machine-shop files classed under
these various headings, with their description and machine-
shop uses, the first column showing the cross-sectioh of each
style. Many of these are used for other purposes than those
mentioned, only their application to machine-shop work
being mentioned here. '

SIZES OF FILES.

71. The size of a file is generally indicated by giving
the length in inches of the cut part, the tang not being
included. Thus, a 10-inch bastard flat file means a bas-
tard flat file 10 inches long from the point of the file to
the tang.

BRITISH CLASSIFICATION OF FILES.

Z2. The classification of files in Great Britain differs
slightly from the American classification, while the files of
the two principal British makes, the Sheffield and the Lan-
cashire, are slightly different. The naming of the Sheffield
files with regard to their coarseness is as follows : Rough,
middle, bastard, second cut, smooth, and dead smooth.
The finest grade of the Lancashire files is called *‘superfine,”
instead of ‘‘ dead smooth.” It will be seen that the ‘“middle”
corresponds to the American ‘‘ coarse.”

The degrees of coarseness represented by these various
names in the Sheffield, Lancashire, and American classi- ’
fications differ somewhat, but not enough to cause any
material difference in the working conditions. A remark-
able degree of fineness of cut has been attained, Lanca-
shire superfine hand-cut files of the smallest size having
been made with 300 cuts to the inch.
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(PART 2,

USE OF FILES.

1. Purpose of Filing.—In machine construction there
are many instances where parts must be finished by hand.
The part may have been .finished as far as possible in a
machine tool, but the surface could not be made sufficiently
smooth, and must be finished by hand; or it may be so
located, or of such a character, that a machine tool cannot
be used, and the entire work must be done by hand. In
the latter case, the excess of metal may be removed with a
cold chisel, and the work then finished by filing.

It has already been said that a file consists of a series of
minute chisels that are passed over the work by hand, under
a pressure that is just great enough to make them cut. For
rough work, the coarser grades of files are used; and as the
surface becomes smoother, finer grades are used succes-
sively.

2. Difficulties to Contend With.—The operation of
filing is one of the most difficult of machine-shop operations,
and the quality of the work produced depends almost en-
tirely on the skill of the workman. In most machine-shop
operations, the tool is guided positively by some provision in

§21
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hich the operation is performed, as ina
illing machine. In filing, the accuracy
entirely on the motion of the hands,
f guiding the tool positively.

srefore, that skilfulness on the part of
ntial to good work, the quality of the
ry importance. A poor workman may
‘ood file, but his work will not be good,
an may do very good work with a poor
lo the best work, however, it is neces-
d file that is adapted to the work to

of Convex Faces in Files.—To the
em at first thought that a file having a
irface, bearing on the work equally at
al in order to do good work. A little
r that this is not true, and that a sur-
convex will produce better results. In
f the hands is put on the two ends of
sult that the spring thus caused tends
ice concave; also, when files are being
e a tendency to spring, thus making
duce files that have perfectly straight

aces a perfectly straight file would re-
ressure to make it bite (take a cut);
n a narrow surface would bite undera
In the latter case, the pressure is con-

teeth; while in the former it is dis-
rge number, and in order to secure
each tooth to make it cut, a very heavy
It is found in practice that a light

| number of teeth in contact will pro-
s. By making the files convex, only a
contact at one time, however wide the
*he faces of files are, therefore, made
sons: to overcome the effect of spring
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due to the pressure of the hands, the spring caused by
hardening, and to make the file bite on any width of
surface.

4. Wooden File Handles.—File handles are generally
made by turning a piece of wood to the desired shape, put-
ting a ferrule on the end, and drilling a hole into it to re-
ceive the tang of the file. As the sizes of the tang vary for
the different forms and sizes of files, the hole must be small
enough to receive the smallest file for which it is intended.
If the handle is made of a soft wood, the larger tangs may
be driven in without splitting it; but when made of hard
wood, it is necessary to enlarge the hole to about the right
size. This may be done by heating the tang of a worn-out
file of the same size as the one being filed, and burning out
the hole in the handle. If no old file is available, the tang
of the new file may be heated, but care must be taken that
the temper of the file is not drawn. This may be prevented
by wrapping a piece of wet waste about the file up to the
tang. The handle should be driven well up to the heel of
the file.

5. Special File Handles.—In filing broad surfaces, as
the tops of lathe beds, and in finishing long slots, the or-
dinary wooden handle cannot be used and other devices
have been brought into use. Fig. 1 shows a simple handle

:_{_‘_---—a - l

FiG. 1.

that has been found very efficient. The end a is formed
with a dovetailed slot that slips over the tang, while the
point & rests upon the back of the file. The slot should be
made to fit about the middle of the tang of a 12-inch file.
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The foot a should be about 1} inches long and the handle
about § inch in diameter.

6. Another device that is frequently used and that has
some advantage over the one just described is shown in
Fig. 2. A foot a rests upon the file and hasa dovetailed
slot that catches over the tang. A rod 4 has a lug ¢ on its
front end that catches over the point of the file. The han-
dle & contains a nut that screws on the end of the rod 4, and

FiG. 2.

by means of which the file is held firmly between the catch ¢
and the foot 2. A column ¢ at about the middle of the file
makes the device more rigid and prevents the file from
springing up in the middle when pressure is put upon it. A
projection on the front end of the rod furnishes a convenient
thumb rest. This device is used quite largely and has
given excellent satisfaction.

7. Holding the File.—It is very important for a be-
ginner to acquire the correct manner of holding the file. A
right way is learned as easily as a wrong one, but having
once become accustomed to the wrong it is very hard to
change to the right. There is some difference of opinion
as to the correct way, but the following is considered good
practice.

In moving the file endwise across the work, commonly
called cross-filing, it is generally held as shown in Fig. 3 (a)
and (4); for the lighter grades of work, and in finishing cuts,
the former illustration shows the relation of the hands to the
file at the beginning of the stroke, and the latter at the end
of the stroke. The point of the file is held between the thumb
and the first finger, as shown in the two views, while the
handle is held by resting the thumb upon it, as shown in these
illustrations and in Fig. 4, and letting the end stand against
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the palm of the hand, the fingers gripping it lightly. When
the work is heavy and a large file is used, the ball of the left

b)
FiG. 8.

hand is placed on the point of the file while the handle may
be gripped as shown in Fig. 4. It will be observed that in

Fi6. 4.

the latter case the handle is gripped a little farther forwards
than in the case of light work.

8. When the file is very thin there is great danger of
springing it so as to round the corners. This may be
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prevented by holding it as shown in Fig. 5. A downward
pressure is put upon both thumbs and an upward pressure
upon the fingers of both hands. This pressure is just suffi-
cient to overcome the tendency for the ends to spring

-

" Fic. 5.

downwards. By making the pressure great enough to spring
the file downwards considerably in the center, a slightly
concave surface may be formed.

It is very difficult, however, to hold a file in this way for
more than a few minutes, and it is better to use a heavier
file that has considerable convexity and stiffness, whenever
that is possible. On very light files spherical handles are
often used.

9. For internal work, when the hole is long, it may not
be possible to hold the file at the point. In this case a very
great strain comes on the wrist of the right hand, which
soon becomes tired. This strain may be relieved by placing
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the left hand over the right, as shown in Fig. 6. When the
work is thin, so that the file will reach through the work far

F16. 6.

enough to take hold of the point, the ordinary method of
holding it for outside work is generally used. In draw-

FI1G6.7.

filing, the file is grasped at each side of the work, as shown
in Fig. 7.

10. Using the File.—Cross-filing, though the most
common, is one of the most difficult forms of filing. In
moving the file back and
forth, there isa tendency
for the hands to swing
in arcs of circles about
the joints of the arms,
while the body sways
more or less, depending FiG. 8.
on the work. To overcome these tendencies so as to move
the file in straight lines requires a great deal of practice

S, Vol. 11l.—13.
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and careful observation of the results of certain movements.
Filing on narrow work is especially difficult. The work be-
comes a fulcrum on which the file rests at different points
along its course, and if an equal pressure is put on each end,
it will tilt first one way, then another, depending on the point
of contact and the leverage. For instance, in Fig. 8, when
the file is in position @ there is a tendency for the handle to
tilt downwards from the fulcrum 4; when in the position ¢,
represented by the dotted lines, the point tilts downwards
about the fulcrum <. As the file runs forwards there is,
therefore, a tendency to file off the corners more than the
middle of the piece and to produce a convex surface. On
wide work there is less tendency to do this, and the begin-
ner should, therefore, take his first lessons on work ranging
between about 1 inch and 4 inches in width. By persistent
care to have the file rest evenly upon the work, he may
entirely overcome this difficulty, and not until he has ac-
complished this should he attempt to file narrow work.

11. In filiag broad surfaces, the danger of rounding the
corners is reduced to a minimum, but other difficulties pre-
sent themselves. Files for this class of work have convex
faces, and only a few teeth cut at a time. The strokes must
then be so gauged that an equal cut is carried across the
entire piece. It is evident that if numerous short strokes
are made they are liable to overlap each other at some
places and not meet at others, and to wear out the files at
the middle while the ends are still good. Uniform strokes
of as great a length as possible should be made.

When high spots are to be removed, the file must be so
held that the teeth over these spots are in contact with the
work. By commencing the stroke with the teeth near the
point in contact, and lowering the handle gradually to com-
pensate for the convexity, the effective work of the whole
stroke may be concentrated upon a small area. On the
other hand, care must be taken so that this is not done when
it is desired to remove the metal evenly from a broad sur-
face, or a concave or irregular surface will be the result.
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In this case the file should move perfectly parallel to the
work, or be gradually tilted so as to increase the length of
the cut. Great care should be taken in all filing opera-
tions, and by constant practice the correct way of doing the
work will be acquired and become second nature; whereas
a continuous disregard of the correct methods will cause the
incorrect manner to become habitual.

12. It will be noticed in filing that small grooves are
left upon the work at each stroke, and when the strokes are
all made in the same direction these grooves become
deeper; this increases the work that is to be done, for these
marks must be removed by means of finer grades of files.
By changing the angle of the direction of the stroke with
the work, at short intervals, this difficulty may be avoided.
This, too, will make the file cut more freely, since the
grooves running at an angle to the cut cause the file to bite
more freely and the particles to be separated more easily.
It will also enable the workman to see where the file is cut-
ting and to gauge the stroke so that the desired part of the
surface will be removed.

Changing the course of the file as described above is often
called diagonal filing. The angle that the strokes should
make with each other depends on the work. Practice alone
will enable one to determine what it should be.

13. In all kinds of filing, there should be just enough
pressure put upon the file during the forward stroke to

make it cut freely, but »

there should be no pres- '_\ \ N
sure put upon it durin \‘\\‘ \\ NN
the rfturnpstroke. Th% &&\:\\\\‘&\\\j\g
teeth of a file are formed

approximately asshown

enlarged in Fig. 9. It Fic. 9.

will be seen that when pressure is put upon the file, and it
is moved in the direction of the arrow a, the cutting edges
are well supported, and the angle of the cutting face and

Z
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-ance produce very good cutting conditions. When
in the direction of the arrow 4, which corresponds
;eturn stroke, the conditions are reversed. The
re such that the teeth will simply drag over the
ithout cutting, while the edges are not well sup-
ind any pressure put upon the file will cause the
wear away very rapidly without producing any
yon the work. In fact, the cutting edges of some
eth of a new file may be broken the first minute the
file is used and these teeth never do
any work again.

14. Infiling circular holes, a round
file that is as nearly the size of the hole
as it is possible to obtain should be used.
A small file will tend to produce the
ridges shown in Fig. 10; with a larger
file that conforms more nearly to the
e. 10. curvature of the hole, this tendency is
‘educed. When the filing is to be done on an inter-
rved surface of a large radius, as shown in Fig. 1],
ound file is
s in the case
ircular hole,

a tendency
aevenly, and
! as large a
‘e as is ob-

should be Fre. 11.

“he file should be moved along the circumference of
e as well as across the work, which gives it a diago-
ion, and in addition to the advantages of diagonal
flat surfaces, it prevents the formation of ridges.

When it is necessary to form a sharp corner, or to
»a finished surface that stands at right angles to the
which the filing is done, a safe-edge file is used,
preventing any injury to the finished part. When
er is to be extremely sharp, a half-round file may be
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used, or a flat file may be ground off on one side, to form a
safe edge. Either the half-round or a flat file ground in this
way has a sharp edge that will permit a sharp angle to be
formed. Some forms of triangular files will also make a
sharp corner. The other files used in ordinary work are so
cut that the corners are either rough or slightly rounded
and will not make a clean, sharp angle. When the corners
are to be rounded, a round-edge file will give good results.

16. For filing out slots that have been roughed out by
drilling, and where the end of the slot is to be
rounded, a flat, round-edged file is the most
suitable. When the sides have been ma-
chined to size and the end of the slot is to
be rounded, a round file with the sides
ground off to the width of the slot, as shown
in Fig. 12, may be used. Two safe edges
a and 4 are thus formed that will prevent injury to the
finished sides.

FiG. 12,

17. When the filing is done by moving the file sidewise
across the work, it is called draw-filing. Fig. 7illustrates
how the file is held, the motion being at right angles to its
length. Draw-filing is used very generally in finishing
turned work, where it is desired to remove the circular tool
marks and lay the marks endwise. Care should be taken
to hold the file so that the teeth will cut as it moves away
from the body, and to relieve the pressure on the return
stroke, as in cross-filing.

In draw-filing, the cut is not as deep as in cross-filing, the
teeth standing at such an angle to the direction of motion
that a light shearing rather than a cutting effect is pro-
duced; very smooth work may be done by this method. A
second-cut or smooth file is best suited for draw-filing. On
convex surfaces a flat file or the flat side of a half-round file
may be used; butin concave work a round file or half-round
file will give the best results. When a large amount of
metal is to be removed, it should be done by cross-filing, as
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Iraw-filing is so light that a very great amount
uld be required to remove it by this method.

2en a better finish is required than can be pro-
raw-filing, the surface may be rubbed with fine
iery cloth and oil, the cloth being wrapped about
piece of wood, which is used as in draw-filing.
s should be made successively along the circum-
1 cylindrical piece, in order that the finish may
When a very fine finish is required, the draw-filing
owed by cross-filing with a dead-smooth file, after
iay be rubbed with the emery cloth in the direc-
ch the draw-filing was done,

» attempt should be made to keep the body rigidly
ition while filing, especially on heavy work. A
notion of the body, in the direction in which the
ng, permits a greater force to be exerted without
n. In filing right-handed, the workman stands
ft foot toward the work, and as the file is moved
slight bending of the left knee will tend to throw
yainst and upon the file, thus assisting in making
uring the return stroke the knee is again straight-
e body returns. A little practice will show the
vhich this motion of the body can be made to
e work.

:ight of Work.—The height of the work largely
the class of filing that is to be done. Ordinarily,
to be filed should be about as high as the elbow
‘kman. When the work is extremely heavy it
set somewhat lower, in order that a greater pres-
e put upon it. If the vise or supporting device
a foot-board or low bench may be used to stand
e feet of the bench should be set flush with the
board, in order to prevent tipping when stepping
1ds.

fect of Oi1l.—The effect of oil on filing varies
h different metals and different classes of work.
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In finishing broad, smooth surfaces of cast iron, the presence
of oil prevents the file from cutting, and causes it to slip
over the surface, thus wearing off the sharp points of the
teeth.

On cast iron, generally, and especially on the class of work
mentioned above, oil should never be used. On the other
hand, it may be advantageously used when filing wrought
iron and steel, and other hard fibrous materials, especially
in finishing surfaces, when the file is new and sharp. Oil
prevents the file from scratching and cutting too deeply.
Sometimes the teceth are filled with chalk, either dry or
mixed with oil; this, to a great extent, prevents the filings
from clogging between the teeth. New files are usually sent
from the factory covered with oil, to prevent their rusting.
For work in which oil is objectionable this must be removed,
which is sometimes done by first rubbing off the surplus oil,
then coating the file with chalk and brushing it off carefully.

22. Selection and Care of Files.—The life of a file
may be prolonged very materially by exercising care in
selecting a suitable one for each piece of work, and in using
it properly. A new file should never be used on rough cast
iron from which the sand and scale have not been removed,
nor on narrow surfaces. Both these conditions tend to
break and dull the teeth. A well-worn file will do excellent
service in both these cases. On narrow work, a worn file
will give better results than a new one, the teeth on a new
file being so sharp that the few teeth in contact will enter so
deeply that they are liable to be injured and to scratch the
work. A new file should be used first on brass or wide sur-
faces on smooth cast iron.

The files most commonly used in the machine shop are
the 12-inch and 14-inch flat and half-round bastard, double-
cut, and the 12-inch and 14-inch single-cut. The other files
mentioned are, of course, needed very frequently for finish-
ing, or for special operations, and should be kept in stock.

One of the most serious troubles to contend with in filing
is the tendency to pin. The cuttings clog between the



14 BENCH, VISE, AND FLOOR WORK. § 21

teeth, forming hard, sharp ‘‘ pins " that scratch the material.
This is known as pinning, and occurs more readily in some
materials than in others. As soon as the slightest indication
of pinning is observed, great care should be taken to prevent
it. The teeth should be carefully cleaned. Sometimes this
may be done by rapping the file against a wooden block or
the work bench, or by rubbing the hand over it. In most
cases it is necessary to use a wire brush, called a file card,

Fic. 18.

shown in Fig. 13. Vigorous brushing in the direction of
the teeth usually removes the pins, but in cases where the
brush will not remove them, a piece of soft sheet brass, or
copper or iron wire flattened out at one end, may be used.
The end is pressed crosswise upon the teeth, and moved in
the direction of the length of the teeth. Little grooves will
be cut into the soft metal, forming small teeth that clean
the file thoroughly.

23. Files should never be thrown upon one another, or
upon other tools or hard substances. In too many cases
files, hammers, cold chisels, wrenches, and tools of all kinds
are thrown nto a box or cupboard promiscuously, resulting
in injury to the files and all other cutting edges, to say
nothing of the careless and dilapidated appearance of the
place and the time wasted in trying to find anything that is
wanted. A tool box or cupboard should always be kept in
order. There should be ‘‘a place for everything and every-
thing in its place” when not in use. Files should be laid
either upon shelves or in a drawer that is provided with small
divisions so as not to permit them to rub against each other.
They should always be carefully cleaned before they are put
away, and kept in good condition so as to be ready for use
when they are required. ‘
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SCRAPERS AND SCRAPING.

24. Use of Scrapers.—Scrapers are used in machine
construction to fit or correct flat bearing surfaces to each
other and to make flat or curved surfaces true. These sur-
faces, when flat, are first planed, or in some cases milled, as
true as possible; but owing to the unequal hardness or