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It is not claimed by the author that this
little volume covers the whole art and mys-
tery of Machine making, but he nevertheless
confidently hopes and believes that appren-
tices and others, who are seeking reliable
information upon this subject, will here find
something new and of real and permanent
interest. Those persons generally who are
interested in Steam-engines and Boilers,
will also find various points touched upon,

with more or less amplitude, which are of
importance to them.

The matter will be found to be purely
American, and must therefore possess addi-
tional practical value to American me-
chanics. |

New York, October 13, 1866.
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Practice of American Flachinists,

Bk

CHAPTER 1.
THE DRILL AND ITS OFFICE.

THE perfection to which metal-working his
attained is one of the miracles of modern times.
Tools cut iron and brass at speeds which, fiftecn
years ago, would have been pronounced unattaina-
ble with economy. In gun and pistol factories
and in sewing machine shops the various picces
are turned, milled, sawed, planed, or ground in
such quantities and with such unfailing accuracy
as to command the admiration of the observer.
Not only have the tools been greatly improved in
their character, but the material worked upon has
also undergone important modifications; by this
we mean the processes to which it is subjected
before it is worked by cutters. Steel is annealed so
thoroughly that its character as a tough, tenacious,
and stubborn metal is wholly destroyed, and it
becomes as tractable, so to speak, as the softest iron.
Its virtue is not destroyed by this operation, but
changed, and the temper is restored again at will,

2 (13)
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It is important to remember that these improve-
ments in working metals were not reached by con-
jecture, or by a single bound, but by successive
steps and careful experiment. Whatever advan-
tages we enjoy over other nations as skilful work
men is due wholly to the skill and intelligence of
our artisans, and it is no hyperbole to say tha
they are indeed the bulwarks of the nation.

The office of the machinist’s drill (one of the
most important tools) is to bore a true hole of a
certain size in any metal. The conditions thus
imposed upon the tool are sometimes fulfilled, but
oftener not, and the reasons for this are to be found
in a want of knowledge on the part of the maker
of a tool, and sometimes from causes beyond the
control of the mechanic ; for good work cannot be
made with bad materials. Three-sided holes,
holes crooked in the length, holes small at the top
apd large at the bottom, and the reverse, ridgy
holes, or those which appear to have been made
with a coarse-threaded tap, oblong holes, nonde-
script holes, compounds of each and all the bad
qualities previously mentioned, are made at times
by poor workmen ; and as there is no effect pro-
duced in the natural world without some cause,
so also may the phenomena above mentioned be
traced in mechanical operations to the omission
of some important point in the construction of the
drill which has been overlooked, and which is
essential to its perfect operation.
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To drill a straight, true hole in metal of any
kind, excepting lead or copper perhaps, is just as
easy as to make a wretched apology which runs
in every direction but the right one, and is re-
markable for nothing but its unworkmanlike
appearance. Neither does it take more time to
make a good hole, but on the contrary, a properly
made drill works much quicker and ==z
hetter than one badly constructed.

To drill a simple, straight hole in
any metal we have the ordinary drill,
as herewith illustrated in figure 1.
This seems a very simple tool to
make, but it is surprising to see what
apologies for it aré to be found in
almost every machine shop; fig. 2 is
the drill as improperly made. In the
first figure it will be seen that the tool
is a thin, flat steel bar for a proportion-
ate distance, which should be so far
as it is proposed to drill in the work;
that the cutting edges are at right
angles with each other or square, that
the section shows the drillto be slightly
rounded on its edges, and lastly, that
the extreme point is as small and fine
as it can be made consistent with
strength. This is a plain, flat drill
without “lips.” Now the object and
design of so constructing it is this: the
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drill should be made flat and straight, so that
the bormgs may escape freely, and not be crushed
or broken in trying to get out;
neither carried round and round
for several revolutions without
rising to the surface, for in doing
so they impede the newly formed
chips below from rising out of the
hole. Thepointshould be madethin,
so that it will always work true to
the centre, and not tend to run
out, or make a crooked hole; and
the cutting edges are square for
“the reason that with this angle
they cut equally from point to cor-
ner, and no part works faster than
the other.

Let us take the badly-made
drill, as shown in the second figure,
and see what its defects are ; these
can readily be noticed where they
depart from the well formed drill.
This drill is not exaggerated in
the engraving, being far short in
reality of some specimens of handi-

work we have seen kicking about on machine-
shop floors. The dotted lines of the point and.
catting edges show the various angles it is ground
to, and the section and point in straight lines will
now be noticed. This is a very bad drill—it is
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aliost unnecessary to say that; it is stubbed and
blunt, and could not drill an inch with decent
feed without getting so hot as to draw the temper.
The section is octagonal, which is the worst possi-
ble form, because the chips catch at the angles, and,
not being able to get out, are ground to powder,
requiring more power to turn the drill than fig. 1;
the edges are sloped directly /// i

from the cutting edge to the 7/
back of the drill, and the / /
point is thick and square.

/
With such a drill as this a /

hole like fig. 3 would be

/
made, and for thesereasons: 7

/ !

e

i
the thick point with its g3

quick angles cuts unevenly ; first the point bores
down, and then the labor comes on the edges, and

the drill-point works loose, 7/

making a cone center in the 7 M

hole like the diagram in fig. 4;

the consequence is that the ,

hole is untrue. The sharp 9//\

edges sloping so quickly tow- %/////4/7////

ard the back are also a disad- ¥ig. 4.

vantage, because they afford no support to the

cutting edges, which go astray in consequence.
For general use a plain drill without lips is as

good as any, in fact better. A “lipped” drill cuts

faster but gets dull quicker, because the edges are

thinner and keener, and require grinding oftener *
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o it is a question whether it is any better for
ordinary use. 'Where deep holes are to be drilled

w lips are an advantage, for the chips
removed are heavier than the plain
drill makes, and do not clog so
quickly. This is a lipped drill, in
fig. 5, and consists, as mechanics
know, in simply making the cut-
ting edges hollow, or thinner, so
that they take a ranker hold of the
metal, just as a plane iron does
when pushed out too far.

A great deal depends on grind-
ing a drill; for while the cutting
edges may be all right in shape, if
they are ground at too sharp an
angle, they are soon rubbed off on
the work, and do not perform effi.
ciently; or if one side is ground
longer than the other the hole will not be round.
The back part of the cutting edge should not be
raised too high. In effect
the cutters of the drill
are two chisels which re-
move the iron as they
revolve; now if we were
to employ a chisel for
cutting wood, the angle
of inclination of the
edges to the work should

Fig. 5. -
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be such that it would require little pressure to
force them in. The tool would not be held but as
in fig. 7. The force is not applied downward in
this case, but in a plane, as with a screw-driver;
x therefore, to follow out

this illustration, the drill

Fig. 7. Fig. 8. Fig. 9.
should have but little clearance behind, as in this
diagram (fig. 8), which is merely intended to show
the idea, and not as a pattern for a drill edge.
Not as some grind them, in fig. 9. A planing tool
also furnishes an illustration of this matter; for if .
a finishing flat-nosed tool was ground like the last
diagram, it would do nothing but chatter, while
the first would cut smoothly and without jar.
These are the main points of good drills of the
ordinary kind, but there are an almost endless
variety of them, such as twisted, pin drills, counter-
borers, ete., and each and all of these have different
shapes to suit different work. It is impossible and
unnecessary to go into these at length, and we
shall only notice one of each kind mentioned above.

Of late, the manufacture of twist drills has been
a specialty with certain parties. These drills
have been thoroughly studied and experimented
upon to find out their weak points. The conse-
quence is that any mechanic can go to a hardware
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T

It store and buy a twist drill as
{| readily as he could an aunger.
/1 This is an advantage, but a

il very slight one compared with
|| the fact that all these drills are
' of standard sizes, so that holes
drilled by them cannot vary in
the least; they are tempered
up to the shank, and will cut
either in steel, iron, brass, cop-
per or wood, and, in fact, indis-
pensable to all metal workers.
We have for some time used
sets of these drills, of both
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makers, and should feel lost without them. There
is no occasion to alter one. All sizes are ready
to the hand, and they are especially useful for
‘tubes or holes that have to be threaded.

The sizes and styles of the Morse drill and
chuck are as follows:

A set of 21 drills, with taper shanks from § to
1} inch in diameter, embracing every size usually
required by machinists. These drills are made
of the best cast steel imported, made expressly for
the purpose, and are fitted to sockets that accom-
pany them. Three sockets are required for the
set, are made either of steel or iron, as desired,
and are readily fitted to any drilling machine.
They are of standard size and taper, and con-
sumers are assured that all taper shank drills
hereafter made will fit them.

A set of 15 drills, styled the “Machinist’s set,”
of sizes varying by 82ds from 1-16 to 1-2 inch,
made of the best material, with straight shanks the
same size as the drill. An adjustable chuck
(2% inches in diameter), capable of holding every
dril], can be furnished. This is easily and cheaply
fitted to any lathe. '

A set of 29 drills, styled the “Jobber’s set,” of
sizes varying by 64ths from 1-16 to 1-2 inch.
This set is especially designed for trades doing
fine work, as they will drill the size of the body
of secrews up to 1-2 inch, and are tap drills from
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3-32 to 9-16. The adjustable chuck will alsc
hold this set.

The “Wire Gauge set,” comprising the sizes
of Stubs’ steel wire gauge, from No. 1 to 60, in-
clusive.

The “half set,” by steel wire gauge, comprising
alternate numbers, from 1 to 60; and
the “Jeweller’s set,” consisting of 36
drills, from } inch (No. 80) to No. 65
steel wire gauge.

The five smaller sets are neatly
mounted on stands, numbered so as
to show at a glance the size of every
drill, greatly facilitating the selection
of the one required for use.

The other drill is the Manhattan
Fire-arms Company of Newark, New
Jersey, and is in wide demand.

Here is a pin drill (fig. 12), some call
it a counter-borer, but this is not a
term which can be applied indiscrimi-
nately, for in some jobs the tool is
used wholly as a drill, and not as a
cutter or tool to counter-bore, or drill
against certain other holes. The use
of this tool is to drill large holes
more correctly and faster than a sin-
1] gle drill could do it, and it is used

Fig. 12.  the same as any other drill, with this
exception, a hole must have previously been made
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for the “tit” or : k‘/f'&be done. If
this first hole is not straight the pin drill will not
go straight, for the pin follows the first hole, which
is usually small, in about the same proportion as
the diagram. The first hole acts merely as a
guide for the pin, and when it is made true the
pin drill follows in it, and takes out great curling
chips of metal with the greatest facility. The pin
should have very little clearance in the first hole,
so that it cannot shake about, and the first hole is
sometimes a trifle smaller, and the “1it” on the drill
is serrated, as shown in fig. 13, so that it clears itself
as it goes down, and always fits snugly. If the
first hole drilled in the work is too large, the pin
drill goes all over, and neither makes a round hole
or a true one. These drills are costly to make, as
they must be turned in the L
lathe and afterward filed
up, since, from their con-
formation they cannot be
ground on the stone, al- L
though they may be sharp- Fig. 13.
ened on a true running stone, when held by a
steady hand.

The Morse Twist Drill and Machine Com-
pany's Works are at New Bedford, Mass.
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CHAPTER II.
THE DRILL AND ITS OFFICE—CONTINUED.

THERE is an endless variety of counter-borers
or pin drills adapted to every class of work, but
as the principle is the main thing, it is not neces-
sary to follow or to illustrate every ome. The
counter-borer in one shape is used to cut out the
tube holes in flue sheets, which in boilers as lately
built require a great deal of time; if the tool is
not properly made, many sizes are required in
large shops, where much work is done.

Here is a plan (fig. 14) for an expanding or an
adjustable tool by which holes in flue sheets can
be made of any size, varying only with the plan
of the cutters. The apparatus is very simple, and
by altering the shape of the cutters, a hole but lit-

- tle larger in diameter
than the rod or shaft
that carries the arm
can be made. The
advantages of this
appliance over an or-
dinary drill, such as
is frequently used, are
that the cutter, which
breaksoften even with
the utmost care, can
be easily dressed when
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broken in much less time than the counter-borer
could, thus making it cheaper to use, both in
point of execution, and cost of repair when injured.

The tool in fig. 15 is, as may be seen, adjustable,
and will cut holes of varying diameters, according
to the sizes it is constructed for. The arrange-
ment is simple, and consists of a central head
forged solid on the shank. This head is planed
out for the reception of the tools of cutters, and
has, further, a wrought-iron ring shrunk over it.
This ring is tapped out to receive the set screws
which hold the tools fast. Behind the tools are
wedges, which, when driven or slacked off, advance
or retract the cutters with great nicety ; the taper
is planed in the shank for the wedges, so that
the cutters always stand vertically. The wedges
should all be planed at once, so that there will be
no variation in them, and several sizes should be
provided, so that holes of any diameter can be
made. The cutters need not all travel in the
same track, but each may set a little inside of the
one that forms the size; in this way they cut freer
and are less liable to break. This tool is useful,
not only in the boiler shop, but also in the finish-
ing department, for by changing the cbaracter of
the cutters, work of almost any kind can be done.

Here is another plan (fig. 16) for a boring tool
or tube sheet-borer more properly, for this is the
object it was designed for. It is not so good a
tool as the first one for some purposes, but as all

-
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persons may not have the same opinion we give
it place. It is not adjustable, except limitedly, it

Fig. 16,
costs more to make at first, but it will work faster
and do equally as good, if not better work than
the ordinary adjustable cutter shown in fig. 14.
The bar, A, is merely forged with a larger portion
on the end, and is grooved on four sides to admit
the cutters; these are simply square nosed, offset
on one side, and the cutting part, of course, curved
to suit the cirele it works in; a wrought-iron ring,
B, is then slipped over the cutters to hold them
firmly in place and adjust them so that all the
points may work at once; this ring has set screws
for each cutter, and one of the cutters may be made
to countersink the sheet at the same time, if it is pre-
ferred to do it on the side drilled from. The burrs
or ragged edges left on the under side of the sheet
by this tool will be very slight indeed, if it.is pro-
perly made, and can be rubbed off with an old file.
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Still another drill for boring tube sheets is given
in fig. 17, herewith. It is one commonly used,

and is a very efficient tool when well made. It
is costly to construct, however, and requires to be
turned in the lathe by an experienced workman,
and afterward filed up so as to cut properly.
The spaces between the pin and the cutters are
very troublesome to cut out in the lathe with an
ordinary tool, as the work in revolving strikes
square and suddenly on the lathe tool, and soon
dulls it, or else breaks off the end and throws the
drill out of the centres. A wuseful cutter for mak-
ing these drills is shown in fig. 18. It is simply
a steel bar turned up and bored out the size of
the “tit” or pin on the drill, and has teeth cut all
round the circumference, as shown below. The

b Fi.ls. :
pin of the drill being slipped in the hole in this
cutter, the radiating teeth cut away the central
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portions so difficult to remove in the lathe. 'The
drill may revolve in the steady rest, or the barrel
cutter may be so used and the work screwed up
to it by msertmg the centre in the dead centre of
the lathe; by employing this tool much time may
be saved and better work done.

A work might be specially devoted to the drill;
it is one of the most indispensable of the minor
instruments employed by mechanics, and it is
only reasonable to add, that the tool most in use,
simple though it be, deserves all the attention that
can profitably be given to it.

Although the rose bit is not in any sense a drill
it is of the same class, and is indispensable to good
work in the drilling machine; for if a man does
not know how to grind a mill-or make one, and
the holes he makes are neither round, square, nor
oval, then-he has only to use the rose bit and he
will have a perfectly round, straight hole. Fig. 19
is the bit. It may be made wholly of steel, or the

Fig. 19.

shank may be iron, and the cutting end only of

steel. The end is composed of a series of fine

cutters arranged regularly all around, and the

body is a shade smaller at its upper end than at

the lower. When the hole is drilled in the work
g*
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to nearly the right size, the drill is taken out and
replaced with this bit, which cuts regularly and
steadily all around, and eorrects any wuntruth in
the first hole. There should be but very little
metal left for it to work on, and the job must be
well oiled during the process. If these conditions
are observed the hole will be a true cylinder.

CHAPTER IIL
THE DRILL AND ITS OFFICE—CONTINUED.

THERE is still another kind of drill for peculiar
work, which is employed by some
il machinists, though for our own
| part we see no special virtue in it,
for it is troublesome to use and
to make, and very liable to break.
It is called the tit or centre drill,
and fig. 20 is an engraving of it.
The centre marked out by the
punch is of course the point where
the tit is inserted on the work.
This tit is the cause of all the
@1 trouble with the tool; it must be
I filed up in the vice, it tries the
¥ tool-dresser’s patience to harden
it, for the small quantity of metal
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in it compared to the heavier parts in proximity,
causes it to get hot in the fire more speedily and
also to cool quicker, so that while the cutting
edges are of the right temper the tit is soft or
hard as the case may be; for all ordinary pur-
poses the common flat drill is far superior.
Another kind of drill is illustrated in fig. 21 ; it
is a turned drill, and will go, if it runs true in the
magchine, ag straight as a die in the
work. These two figures are side
and end views; the tool is simply |
forged and then turned up in the %
lathe afterward, and it is much used
for drilling holes in the tube sheets
of surface condensers. Composite |
drills are those made by combining |
cutters with drills in such a manner
that while the hole is being drilled,
or just after the operation, it is also
countersunk on top, or counter- |
bored to a certain depth; and this |
without removing the drill from the |
hole, thus saving a great deal of
‘time. When the ‘tube sheets of ||
surface condensers are drilled, such ||
tools do good service, for the vast
number of holes requires some |
such method to render it economi- |
cal, as well as to expedite the job.
The plans for a drill capable of be-
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ing used for such work are given in fig. 22. The
drill is simply a turned steel bar, flattened on the
end for but a short distance; as the plate to be
drilled is not thick, it does not require to be long,
but should be made as short as possible. There
s a key-way or slot, in the shank in which the cut-
¢3rs are set, and secured by a small key at the
back. The shape of the cutter
fitted in the key-way, of course
varies with the work to be done
and the corners may be rounded
off to make a round bottomed
hole, or made to conform to any
pattern desired, and the key may
be made short, so that the cutter
can go clean through. Drills of
this kind are also extremely use-
= ful for counter-boring in lathes;
] a dog may be slipped over the
round shank and screwed up
while the centre in the drill shank
is received by the dead centre of
the lathe. It is much more eco-
nomical to use a tool of this kind,
where the circumstances admit
of it, than to bother with boring
tools of the usual pattern. It is
in the minor details of this kind
that workshop economy may be
practiced to advantage, and there
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is nothing that calls more for the exercise of inge-
nuity than the simple matter of drilling holes
speedily and accurately. Inevery instance it must
be borne in mind thatit isof the utmost consequence
that the drill should run ¢rue on its end. With-
out this the finest temper and the best shape are
of no value, and it is impossible to do good work
where the point of the drill describes a circle of
greater or less diameter.

From specific designs of drills let us depart at
present, and turn our attention to the other end
of the same tool, where we shall find something
worthy of attention. We might fill page after
page with drills of peculiar shapes ; those with and
without lips, those with lips or cutting edges
curved, so that a section would be like this, v ;
others with round corners, etc.; but as the main
principles of drills have already been given, it is
not necessary that we should follow out every de-
sign, as it would interfere with more important
matters. Let us look at the drill shank. Itisa
common and a favorite expression with many that
the minor trials of life cause more sharp annoyance
and vexation than severe visitations. Be this as
it may, it is very certain that the simple matter
of the formation of the drill shank bhas caused .
more profanity, delay, and actual pecuniary loss
than any similar part of any other tool. The
shank is in general made square and taper, as in
fig. 23, and the adherence to this form, the most
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injudicious and expensive that could be devised,
is remarkable.  Drilling machines upon new plans
are made every day, and are fitted with some in-

Fig. 23.

genious device for expediting the work, but for
some inexplicable reason the spindle is squared
out, duly tapered, and with—the height of absurd-
ity—a set screw in addition. It is among the
impossibilities of mechanical practice that a square-
shanked drill should ever run true by any possi-
bility, except one involving great expenditure of
time and consequently money. It must be ac-
knowledged by every unprejudiced person, that
the true shape for a drill shank is round and par-
alle], not tapered like a lathe centre. With this
form the drill in all cases will run much truer
than withany other shape ; not only is this assertion
correct, but the labor or cost of making the drill
shank in this form is not to be mentioned with a
square or taper one. The round hole in the spin-
‘dle of the machine is capable of being wholly
finished in the lathe, so that when it leaves that
tool it is completed, and does not require to be
chipped out or even filed. Squaring the hole
makes it untrue with the centre of the spindle,
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even when great care is used, and the drills them-
selves have to be forged exactly alike or else they
will not fit. In a shop where there are thirty or
forty drilling machines and a thousand drills there
. are scarcely any two alike, and when a square-
shanked drill is put into a squared spindle, the
point describes a circle of no small magnitude.
Then comes the corrector of this evil—bang goes
the hammer—the drill falls out, and a piece of
emery cloth is wrapped about it because it is rough
and holds better ; the tool is replaced, and the same
process goes on again and again ; sometimes varied
by breaking the drill short off at the shank, at
others only succeeding, after much time and trou-
ble, in making the drill run true. Each time it is
dressed the drill is altered, so that it is no exaggera-
tion to say that it never runs twice alike. The
set screw is a nuisance, it is of no use at all; when

Fig. 24.

set up to its place it strikes one-sided, and instead
of securing the drill actually pushes it out. Iow
easy it would be to avoid all this complexity by
making the shank in this form, or forging the drill
of round steel! There are many advantages in
this, although round steel is not uniformly of as
good a quality as square steel. The most mark_ed

P i)
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advantages are lessened first cost of construction,
greater efficiency of the tool itself, and less time
expended in straightening and setting the drill;
a standard size for all drills, so that each one will
fit every machine in the shop, and less work in
making the drill machine itself. The taper round
shank drill is not so good, for these reasons: it
costs more than either of the others, it is trouble-
some to get out of the machine, for a key has to
be driven in at the end, which often gets lost.
The hammer is used to loosen the drill, by men
too lazy to take the key when it is not lost; the
taper gets bruised by the blacksmith in dressing
the drill; when the drill has to be upset, as it does
at times, the taper is injured on the end, and don’t
fit without filing ; and lastly, it cannot be extended
as the straight round-shanked drill can. By this
we mean that sometimes a drill is just an eighth or
one fourth too short to go through the work with
all the screw that can be got. If a taper round-
shanked drill is used, the workman must either
get another, or else derange his work, to block it
up higher; but if we have a straight shank we
may put a piece of round iron in the spindle, and
let the end of the shank bring up against it, and
thus attain the end with but little trouble. Thus
the straight round shank appears to have decided
advantages over any of the other plans.
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PART II.
LATHE WORK.

N

CHAPTER IV.
SPEED OF CUTTING TOOLS.

1M rraking estimates for steam or other ma-
chinery, it is important to know the time required
to execute certain portions of the work. This can
only be accurately arrived at by a knowledge of
the speeds at which cutting tools work, for mere
manual dexterity cannot always be counted on for
the speedy accomplishment of a job. Where of
old, hammers clinked incessantly on chisel heads,
and a mighty force of “chippers and filers” were
busy in hewing out a cross-head or cross-tail from
the rough shape in which it left the forge, a sturdy
tool now cieaves its way through the tough metal,
reeking with steam and bent on accomplishing its
purpose, no matter how heavy the cut.

The speed of cutting tools which are employed
in the largest shops, and by the most enterprising
builders of machinery, also affords a standard of
comparison for others desirous of excelling ; and
much iood may be accomplished by recording
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the results of our observations on:this subject; in
this article none bnut metal-working cutters are
considered. There are some generic difficulties
in the way of arriving at positive statements con-
cerning the rates at which cutters should travel,
or the metal which is worked should pass under
them, as it does in some cases; nevertheless it is
sufficient to notice the speeds generally employed,
and leave particular cases to take care of themselves

In running lathes, the kind of iron, the nature
of the work, the stage of the work, whether finished
or merely roughed out, the texture of the metal,
and the kind, whether steel, brass, cast or wrought-
iron, deserves attention; for without such considera-
tion, statements are worth no more than mere
speculation, and tend to confusion. Wrought-iron
and cast-iron, in small sizes, where both metals are
of good quality, sound and even, free from sand
streaks in the first, and flaws and blow holes, in
the second, may be run at nearly equal speeds
with economy (that is for all pieces under one inch
and a quarter diameter, or thereabouts); as the
diameter increases, however, this is no longer the
fact, and cast-iron must run slower or the tool and
work will be destroyed. In shafts of 8} inches
diameter, a circumferential speed of the work,
cqual to 220 inches per minute, or twenty turns
with a lateral feed of one thirty-second part of an
inch, reducing the work three eighths of an inch,
is a good speed for short lengths, and one that
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caraot probably be exceeded with economy. Of
course, in taking a cut of three sixteenths of an
inch, the work would be roughed out, and the
labor on the tool much greater than with small
cuts and finer feed. A great deal of misapprehen-
sion is manifested on the subject of feed, many
persons supposing that one thirty-second of an inch
produces a chip of that thickness; this is not the
case; the cut is much thicker than the feed em-
ployed, and no comparison can be formed, from the
thickness of the chip, what the actual feed or depth
of the cut was at each revolution. This is on ac-
count of the corrugation or upsetting of the metal
as it is taken off the work by the. tool, thus adding
to its size. At the rate above spoken of] the tool,
in turning a shaft 8} inches in diameter, travels
over a circumferential surface of 18 feet 3 inches, sup-
posing the feed to be thrown out of gear; each
revolution of the shaft advances the tool the thirty-
second part of an inch; therefore a cylinder twenty
thirty-seconds or five eighths of an inch long by 3%
inches diameter, is travelled by the tool in doing
its work ; the convex surface of such a cylinder is
about 13 feet 6 inches.

At this speed, the tool, when properly dressed,
ground, and tempered, works economically ; taking
a good cut, retaining its edge without too frequent
grinding, and making smooth work. In turning
wrought-iron shafts as large as 12 inches and 18
inches diameter, four and a half to six revolutions
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per minute, with a feed corresponding, is a “ good
to fair” speed, which probably could not be increased
without incurring loss of time in dressing and
grinding tools. This would give a circumferential
velocity of about 19 feet per minute for the 12-
inch shaft—6 feet more per minute than cast-iron
work should be driven. Wrought-iron will bear
to run quicker than cast-iron, chiefly because it
is freer and softer to cut than cast-iron as a general
thing, and also for the reason that the tool is gener-
ally kept cool by a stream of water, which it is
not convenient or necessary to use on cast-iron.
Some planers that we timed in different shops
run as follows:—A thirteen-foot bed, with a mod-
erately good roughing feed, cuts 15 feet per minute ;
it must be borne in mind, however, that planing
machines have to work all kinds of metal on the
same speed. This has always been a cause for
wonder with us; why not put one pulley on a
lathe, and drive that at one speed for large and
small work? A planer has exactly the same duty
to do in reality as a lathe, the increasing or de-
creasing diameter of the work in the lathe being
fully compensated for by long and short jobs on
the planer. Of course a change of speed is not re-
quired in extra large tools, where the work is al-
ways heavy; but for planing machines with beds
12 feet long, there is no reason why there should
not be two speeds provided on the counter shaft
overhead which drives the back and-forth motion



SPEED OF CUTTING TOOLS. 41

belts. Tt would be just as appropriate to have
only one feed for all work, as only one speed for
all kinds of jobs. While a planer with a bed 12
teet long is able to run at the rate of 15 feet per
minute, a 25-foot bed planer is driven at 13 feet
per minute, or a little less than the first mentioned
.tool of this class, because heavier work is done
upon it. A shaper, or quick working planing
machine for short jobs, has the change of speed
we speak of, and at the slowest speed, with a seven-
inch stroke, also runs at the rate of 12 feet per
minute. It will therefore be seen, from the exam-
ples mentioned previously in this article, that the
average speed at which cutting tools work is, on
work of an ordinarily heavy class and of a standard
kind, about 13 feet per minute for cast-iron, and
15 feet per minute for wrought-iron. Brass we
have not considered at all; but with free-working
yellow brass, 25 feet per minute is not an unusual
speed for diameters of ten inches. The speed of
brass work, however, is a very difficult thing to
fix, for while a large brass ring may run at a
rapid rate and turn economically, a shaft of the
same size could not be run at half the speed the
ring does and work well on the tool. Besides, this
brass is such a “fickle” metal, so to speak, being
at one time hard and another soft, now free from
“blow-holes” and again honey-combed with them,
each and all phases requiring different speeds to

suit eircumstances; for these reasons we say we
4%
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have omitted any discussion of the speeds proper
to cut brass. And it must be also borne in mind
that the rates mentioned as proper for cutting cast
and wrought-iron vary greatly at times. Of course
chilled iron cannot be turned on speed that would
be proper for a soft loam or a green sand casting
neither can a scrap iron shaft be run economically
at the same rate as a rolled one of similar size.
But as a standard rule for ordinary work, 13 feet
per minute for cast-iron turned in lathes, 15 feet
for turned wrought-iron, and 15 feet for planers,
alike on all metals, is a fair estimate. It is very
possible that our readers may have some experience
which conflicts with these statements: if so, we
would be pleased to hear from them.

The practice of knocking off the centres of
turned work is a mischievous one. It is merely
doing work that is not only needless, but that as
some future day will have to be done over again.
When a centre is once properly made in a shaft,
or any other part, it is unalterable except by
chipping or purposely changing its position, and
work once turned true on good centres will always
be true, provided no damage occurs to it. It is
just in this particular that the true centre is use-
ful, for if a shaft is bent or an arm on one thrown
out of line, the old centres are available, and the
injured piece can be made as good as new in a
short time. Suppose, however, that the journal
of a shaft is worn oval, or that the collar is bat-
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tered and jammed up, “how is lt possible to find
the true centre of the shaft? It never can be
found; the shaft may be made to run straight, but
not by its old centres if they have once been cut
off.  'When shafts are forged too long, in cutting
them to the right length great “tits” are left on
the ends, which are both ungainly and in the way.
This is the blacksmith’s fault, and must be reme-
died by the machinist; cut the shaft to the right
length first, knock off the centres if they are too
long, and then re-centre the job and finish it ac-
cording to the drawing. In steam-engine work
especially, the centres of shafts are essential to nice
adjustment, and they should never be removed.

A foolish notion prevails among some mechanics
that centres injure the finished appearance of the
work, but it seems to us that this is an erroneous
view, which ought not to be tolerated. Drill every
centre, and drill it deep; countersink it so that it
will have a good bearing on the centres of the
lathe, and the workman will have the satisfaction
of knowing that, all other things being equal, he
will have a good job, and one that can at any time
be easily repaired if damaged.
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CIHAPTER V.
CHUCKING WORK IN LATHES,

O~NE of the most indispensable adjuncts of a
lathe is a chuck for holding work that cannot be
turned between the centres, or requires to be bored
out. Very great ingenuity has been displayed in
constructing chucks so that the piece held, if round,
should run perfectly true without any further ad-
justment. To this class of chucks belong the
seroll, the worm aud spiral gear chuck, and others;
their utility is very great, and on some work they
are indispensable.

Ordinary chucks have four jaws, which slide in
grooves in the face plate, and are set up by screws
running through them. Such a chuck plate can
be altered to take an irregular form, or one that
has a hole out of the centre, as an eccentric, but
the scroll chuck cannot. The jaws in this move
arbitrarily, or toward the centre, and are therefore
unchangeable; although we believe there is one
variety of scroll chuck in the market that can be
shifted so as to take an irregular form. It is sur-
prising to see what clumsy work some men make
in chucking a job. To set a simple pulley takes
them half an hour, and at the end of that time the
face is so covered with chalk marks that it looks
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as if it were whitewashed ; hammer marks indent
the work, and the workman loses his patience and
gets out of temper for nothing. It is the simplest
thing in the world to set a round job true in a few
minutes, and without chalk, sticks, or any other
aid. When a pulley is to be bored, the centre
should be put in the spindle, and the size measured
off to the chucks ; one of them should be drawn out
a little to let the work in, and when it is in place,
setting this slack jaw up will bring the pulley fair.
One or two revolutions of the lathe will show in
a moment if the outside is true. It is unnecessary
to tell the mechanic that no work must be turned
from the hole cored out rough. Many unthinking
persons have done this, to their own and the pro-
prietor’s sorrow; the cores not unfrequently get
pushed on one side in casting, which makes the
work all wrong if they be taken as the cenire.
Scroll chucks, in fact chucks of any kind, are
costly tools, and not within the reach of every
mechanic. To such, a common block of wood is
by no means a useless thing. It is astonishing
how much can be done in a wooden chuck when
properly made. Very large sizes can be employed.
and for very small work, it is unequalled as a sub-
stitute for the metal chucks. Very frequently
cements, such as gum-shellag, ete., are used in con-
nection with the wooden chuck to hold small flas
pieces that have no flange or other point to catch
An eccentric may be bored for the shaft and turned
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outside in a wooden chuck, or on a face plate, with-
out the use of a chuck at all.

In cases of irregularly-shaped jobs, where it is
at all practicable, the chuck plate should be taken
off and laid on the bench, and the work set true
upon it in that position; by the aid of the lines
which are struck, or should be, on every plate, this
can be done much more quickly than when the
work is hanging by one or more bolts. In all
cases the plate should be carefully used and cleaned
when done with, not left to knock about on the
floor under the lathe, or to get filled with grease,
dirt, and chips.

CHAPTER VI.
BORING TOOLS.

THERE are two specific classes of tools for cut-
ting metals. These are roughing and finishing
tools. Others for different purposes, such as serap-
ing, forming by pressure, and manifold uses, can-
not properly be included under the head of cutting
tonls. To simplify this article we have considered
the machinist’s boring tools as divided into two
kinds only, those for roughing and those for
finishing.

A small hole can be more quickly made with a
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good drill than with any other instrument, but
this tool is only available for ordinary work.
‘When we come to more exact and complicated
* jobs, the lathe must be used instead of the drill
machine, and the boring tool, in one form or
another, supplant the drill. With all roughing
tools the object is to remove as much iron as pos-
sible in the shortest space of time with economy.
The question of economy is not confined to merely
driving the tool through the hole quickly, but
also relates to the number of times the workman
is obliged to go to the stone to renew the edge, or
to the tool-dresser to have the same drawn down
or tempered. ‘If it be admitted that the fibres of
wrought-iron, or the crystals of cast metals, must
be cut and not abraded in working them, it is
evident that there is but one mechanical power
that will do this. That one is the wedge. To the
wedge then is due all of the credit in accomplish-
ing the object in question, but on the workman
rests the respousibility of so placing the wedge
that it will work to the best advantage. In this
point lies all the difference between a good and a
bad tool. This assertion must be strengthened
by the supposition that the quality of the ateel of
both tools is the same, and the workmanship
identical in all other respects than tl:e shape of
the cutting edges. In one position the wedge
cleaves particles asunder, in another ‘t abrades, or
does its work by scraping. These qualities are
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shown in the annexed diagrams, figs. 25 and 26,
It is not claimed as any original discovery of our

Fig. 25. Fig. 26.
own, but is only presented as a palpable and
acknowledged truth among good mechanics.

In fig. 25 we have a mere sectional elevation
of a common boring tool. The dotted lines show
the direction of the acute end of the wedge;
fig. 26 is a scraping boring tool, which also shows
the application of the principle alluded to. Very
often the improper application or construction of
boring tools makes the hole bored out taper, or
small on the back end. The unskilful workman
charges the lathe with the difficulty when the
fault is often his own. A good boring tool will
cut free, soft metal just as well inside of the hole
as a turning tool properly made will out of it, but
there are very many who are content to look on
and see a boring tool grate a few miserable scraps
of iron out of a hole. The process bears the same
relation to cutting that rasping on a grater does
to shaving with a razor.

Of these tools—respectively figs. 27, 28, and 29
—the mechanic will readily select the one which
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will cut the best, and on all metals, except brass,
do the most work. The round, acute, sloping
edge draws into the work, instead of springing

from it, and holds on to the metal, producing in
wrought-iron and tough brass, long curling chips
that leave the tool with but little heat or compres-
sion. Some workmen, we are sorry to say, are so
shiftless or indifferent, that they would take the
badly-made tool in preference to the proper one,
fig. 27. If a man be judged by the company he
keeps, a machinist may be rated by the character
of his tools, and his work will show faithfully
whether they be of a proper or improper shape.
The shank of fig. 27 is made square, or as nearly
so as possible. In that form it is stiffer than in
any other, and the only rounded part of it is the
angle furthest from the edge. This is rouaded to
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clear the work, for sometimes when a boring tool
rubs at this point the cutting edge is forced in

the size enlarged, and the job spoiled. This i

not the case with the other tool, fig. 29. Tt is one
of a class in common use, and is not well adapted
to the work required of it. An angle at the cut-
ting edge (as at @), tends to force the tool off its
sut, and to make the hole taper, as explained in a
previous paragraph. The strength of the shank
is lessened by being made octagonal, and the
clearance in front is so slight that the tool often
rubs at this point and produces a bad surface.
The chips from it are stiff and corrugated, and
look as if they were (as they are) ground out
instead of being cut, and the whole form is ob-
jectionable, How much pleasanter it is to work
with a tool like that shown in figs. 27 and 28; to
have it well tempered, dressed, and sharpened, and
to drive it through the hole as fast as the naturc
of. the work .will allow it to go.

The engravings just considered represent rou crh
ing tools of onekind, and are intended chiefly to
bore out the heaviest portion of the metal to pre-
pare it for finer tools, or those which, by working
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with lighter cuts and sharper edges, leave smoother
surfaces. To produce a smooth surface in iron,
sometimes a scraping tool, called a bit, is used, as
shown in fig. 30, and in other cases the tool shown
in fig. 27 is modified and shaped as in fig. 31;
both amount to virtually the same
thing. The bit is merely a flat steel
bar with an iron shank. The edges of [|iili
the bar are turned to the proper size
and then filled up so as to clear behind.
The extreme ends are slightly rounded
and the size a little smaller for half an
inch along the length of the bit, so that the tool
will have a fair entrance in the work. The pieces
of wood on the back are either beech or hickory,
well seasoned, and fastened to each other by screws
passing through holes in the steel. With a prop-
erly made bit the most beautiful holes, true and
smooth as it is possible to conceive of may be
produced. There is no¥imit to the size of them,
within reason. We have seen bits of twenty
inches in diameter used in the largest workshop
in the country with excellent results. The pieces
of wood are intended to steady the cutter, as every
mechanic knows, and it is not “just as good” to
pack them up with paper or thin board when they
get worn down, as they will after awhile. Two
pieces of wood is all that should be used, for when
packing is placed beneath it gets loose and shackly,
and the cutter does not work as it should. In the

Fig. 31.
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engraving the wood is rather short; it should eot 18
up to the end, or else there will be no support for
the bit when first started.

This is not a new tool by any means. Jtis a
very old and well-tried one, and while we advo-
cate progress in every thing, we do not reject
good tools because they happen to be old for the
sake of new ones, simply because they are new.
A substitute for this to0l is found in the steel bar
shown in fig. 80. It is called by some a pod
auger, but is not capable of doing as fine work as
the wooden-backed flat bit, while it is much more
costly to make and repair. This is one form of a
pod auger (fig. 32).

Fig. 32

The shape is sometimes varied slightly at the
cutting end, @, but not enough to warrant a num-
ber of diagrams. The pod or body of this tool is
a true circle, and the cutting part is merely a
sharp, strong fleam, or steel edge, projecting for-
ward so as to clear the front end of the pod and
give a cubt to it. This tool will take hold only
after a recess has been made for it by a drill, if the
work is not cored out; if it is cored out, the bor
ing tool must be employed to bore out a portion



r BORING TOOLS. 53

of the hole, so that there will be a true cirele for
the bit to start in. It is necessary also to have a
dog on the shank so that the tool cannot turn, or

Fig. 3.

else to square the extreme end and put a tap
wrench over it to effect the same object. d
A much better, though more costly
instrument, is illustrated in fig. 33.

=] =] :
It is a very useful and complete one;
and when properly made will do ex-
cellent work. For boring pulleys, or light, hollow
work of any kind, such as small cylinders, valve
seats, steam chests, cocks, etc., it has no equal.
It cuts double as much as a pod auger can, and
may (by increasing the number of the cutters to
four) be made to carry a chip that no other tool
will stand. The cutters must not all be set to the
same diameter, but one inside of the other, so that
while each will remove only a small chip, the
aggregate amount of iron cut out will be as much
as the belt will drive, or the chucks hold without
slipping. The manner of using and making it is
simply this: The mandrel is solid and made of
steel ; it has centres in each end, and also a key

way or slot cut in it through the whole length.
h¥*
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The shell fits this mandrel nicely, and has dove-
tailed seats for the cutters, and a steel feather to
fit the slot in the mandrel. There may be a
number of cutters, and the last one may be set to
take a second cut, so that the job will only require
two cuts in all to finish it completely.

It is not possible to take a fine cut in connec-
tion with a heavy one, and have the work true;
for no matter how well the shell may be fitted to
the bar, the heavy cut will jar the light one so
that the main object of it is defeated. We can
take what we have called a “second cut,” which
means to allow the first roughing cutter with one
set not quite so rank, so that when the shell has
traversed the hole it will be nearly smooth, and
certainly round and true. When the real finish-
ing cut comes, the hole ought to be perfect.

The bar is to be set between the centres of a
lathe, and the square end of a tool placed against
the back part of the shell so as to force it along
when the feed is thrown into gear on the slide-rest
carriage. The hole need not be previously made
true with a boring tool as it must with the pod
auger.

Some lathes have a chronic indisposition to bore
parallel holes. This is most annoying to those
who like to have their work done well and quickly.
The trouble is caused by the spindle not being
parallel with the slides on the shears. A simple
way of remedying the defect is to take up the
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V of the slide it=sets~on:The lining must of
course be so placed as to throw the spindle true,
and the amount required will depend on the
irregularity the lathe has. But with the “shell
arbor,” which we have just described, it makes no
difference how much the lathe bores out of truth,
for the truth of the bore depends altogether upon
the position of the centres in the head-stocks of
the machine—if these are exactly in line with the
spindle (and they can easily be brought so), the
tool under discussion will make a positively true
hole, and if a tapering orifice is desired it is quite
as readily produced by setting the tail stock of
the lathe over to the desired point. It is difficult
to conceive of any one tool more useful than this,
or one capable of greater changes or applicatinns
compared with its first cost. It is really indis-
pensable to every well-ordered machine-shop, and
the intelligent mechanic will discover many nice
points in the details of its construction, which we
have omitted simply because we cannot devote
too much time to one tool alone,

There are very many instances in the operations
of the machine shop where special tools can be
employed to great advantage. When large num
bers of valve-seats and their chambers have to be
made of an exact size, as it often happens in
marine work, a tool which would make every one
a fac-simile of the other, as regards the hevel of
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the seat, its distance from the outer flanges, and
the diameter of the holé the lower stem of the
valve works in, would be of great service. We
present in fig. 84 a plan of such a tool. We can

Fig. 34.
testify to its being a great economizer of time, as
well as doing the work in a superior manner.

The work is roughed out first to nearly the size
required by the drawing, and the hole for the
valve spindle also bored. At the end of the bit
there is a short rimmer, and immediately above it
a solid shank, @, which fits the rimmed hole and
steadies the bit while at work, so that the seat,
which is cut by the edges, b, will be smooth, and
free from chatters or irregularities. The cutter, c,
is on the same line as the other cutting edges,
being made to span the body of the bit in the
position shown in the engraving.

In fig. 35 we have interposed an engraving of
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another counterborer. It is merely a steel bar,
having cutters forged upon it in the manner
shown. There are an unequal number of these
cutters, five being preferred, and after the tool is
forged it is turned in the lathe and filed up so as
to cut. This is a neat-looking tool, and one that
we are assured does good work in the hands of
skilful men. It may be made of any desired size
or length; the one shown in the engraving is
designed for gun work.

CHAPTER VII.
BORING TOOLS—CONTINUED. ABUSES OF CHUCKS.

THE tools shown in the engravings given
previously are merely those which are employed
in comparatively light work, and in the minor
operations of general machine work. There are
cases, however, where these tools are not avail-
able, and others, entirely different
and distinet in character, must be
produced. An instance of this
may be found in the cranks of
heavy marine engines. Theseare
forged solid, and the holes for the
shaft and crank-pin are cut out of
the mass of metal. In old times
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these cranks were bored by making a large hole
with a common drill (say five inches in diameter),
and afterward inserting a boring bar and cutter
like the one shown in fig. 36, and enlarging the
hole. This method is doubtless still practiced in
many shops, but there is another way which is
more expeditious and economical. This is to
bore a solid core out of the boss of the crank, as
shown in fig. 87, and leave the centre standing.

Fig. 37.

To cut out a hole twenty inches in diameter in
solid metal is quite an achievement, and requires
not only peculiar tools but careful superintendence
during the operation. The tool is shown in fig. 38.

Fig. 38,
It is curved in section, and made very wide side-
ways, but not on its cutting edge. The cutting
part is about Sths of an inch across. Four of
these tools are set in a cast-iron cross, which
screws on the spindle of a heavy boring mill,
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and thie tool thus arranged is shown compiete
in fig. 39.

Fig. 39.

The cutters are set so that two travel in line
with each other, while the other two cut in
another track, so that in this way a wide groove
is produced, from which the chips can be removed
with facility. The channels are shown in fig. 40.
The tools do not bind or clog when care is taken,
and they are so wide that they do not spring side
ways. When one side has
been cut half way down, the m
crank is turned over and Hi
bored from the other until the
two cuts meet. The central Wil bl
core then falls out. The hole ~  pg 40,
is afterward bored true to the size required by
an ordinary turning tool, and generally needs only
two light cuts to finish it. With good luck one
man should bore a twenty-inch hole, twenty inches
deep, in fifteen or twenty hours. The economy
of this plan, as compared to the old one, is strik-
ing, and should be practiced in all shops that do
work of this class.
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A plan for a boring bar and cutter, which was
(and it may be still is) used in a mill for boring
car wheels, is shown 1n fig. 41. These wheels are
used in such numbers on long lines of
road, that it is necessary to provide
some means for boring them as fast and
as economically as possible. With this
cutter a car wheel 3 bore and 8 inches
deep, cored out 33, has been bored in
from six to eight minutes complete.
The arrangement is merely an ordinary
bar, with a cross-bit or cutter through
it; but at right angles with this there
are two steel rimmer-blades, dovetailed
in the bar. These rimmers are turned
up in the bar itself, and can be driven

Fig. 1. out for grinding or other adjustment as
required. They taper very slightly from the bot-
tom to top, and are made a little larger than the
cutter, so as to follow it and true up the rough
portions or surfaces left in the rapid descent.
This cutter and bar does good work, when. it is
not forced too much, and we have known thirty
wheels to be bored on the machine it was attached
to in ten hours.

In the drills, and all other tools used by me-
chanics, there are innumerable cases where tools
are made for special purposes, and it is principally
for this reason that the subject is inexhaustible.
An elaborate treatise on tools would present

N
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little that is really new; and to the practical
reader there is no benefit in discussing those
which have been used for years, unless some
errors in their construction can be pointed out
and removed, as in the case of the boring tool
we illustrated in the earlier pages. For bor-
ing cylinders, and hollow work in general, where
a bar and boring head is used, a cutter like the
one shown in fig. 42 is very serviceable, but the

Fig. 42.

kind of work varies so much that one tool cannot
be used continually, and the good sense and
ingenuity of the workman must be the judge of
what is required. Much also depends upon the
feed and speed of the cutter, or the work, and
unless these are well regulated, either the job is
much longer in the lathe than it should be, or
else it is not properly done. These details cannot
be put down positively, for it very often happens
that the intelligent workman does not know him-
self at what speed he will rua until the job is
under way.

It seems hardly necessary to exclaim here
against the habit of idling over work that some
individuals practice. “Slow speed and fine feed,”
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say these gentry, make the job last Jonger; they
are correct, undoubtedly, but they should also
remember that the trick also makes their wages
shorter. Men are paid for the work they do, and
he that accomplishes the most and the best, will
assuredly stand highest in the estimation of his
employers. Let us all—as practical men—aim
to drive the machines faster; have the cutters
sharper, the feed as heavy as the job will bear.
Let us make American engines and American
machine work our pride and boast, and create a
market for it all over the globe, and as a pre-
liminary step to remown, criticize closely every
thing that promises to improve the character of
the tools we work with.

ABUSES OF CHUCKS.

It sometimes occurs in the operations of a
machine-shop, that the ordinary chucks fitted to
lathes will not take in the work to be done, and
resort is then had to wooden blocks bolted to the
face-plate and turned out to any desired form.
Sometimes these blocks are screwed on to the
spindle itself, but in either case they cost time and
money to make. It would seem, from the want
of care and attention paid to these necessary ap
purtenances of a machine-shop, that they were
considered useless except for temporary purposes
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and that the only disposition to be made of them
is to leave them around on the floor, under the
vice bench, or in any hole or corner that is unoc-
cupied by any thing else. Some men find them
useful to batter mandrels or arbors into work they
are about to turn, to sit upon at noon-time, to
build a fire with in the mornings; they find them
convenient to punch sheet iron upon; in short,
wooden chucks are abused in an infinite variety
of ways which seem to us altogether wrong. Put
them away in a safe place like any other tool.
Assuming that the block will not run true after
being shifted from the lathe, it can still be re-
turned and employed again for work approximat-
ing in shape to the first job it received. The
block out of which the chuck is made is always
the best piece of wood to be had, and it is poor
economy to cut up lumber to use, or rather abuse,
in the manner set forth above. And in this con-
nection it will not be amiss for us to protest
against battering up the centres of shafts or man-
drels by carelessness. No good workman needs
to have any remonstrance addressed to him on
this score; but bad ones are continually guilty of
the practice referred to. If a workman wishes to
damage his reputation in the eyes of all intelligent
artisans, he will take a heavy hammer and blun-
deringly whack away on the delicate centre, that
should be as carefully protected as the pupil of
the human eye. Such a course only results in
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mischief; in a well-regulated shop it is soon found
out, and the individual committing this outrage
on common sense shoald be immediately dismissed
from the shop.

CHAPTER VIIL

BORING STEAM CYLINDERS AND HOLLOW WORK-—
EXPERIMENTS WITH TOOLS NEEDED—CONSERYV-
ATISM AMONG MECHANICS.

To be reliable and useful, a steam cylinder, or
indeed any cylinder in which a piston works, must
be mathematically correct as to its diameter from
end to end. They are not always so; sometimes
far from it. There are several reasons which may
be assigned as the cause of the irregularities, and
these are the manner in which the cylinder is
bolted to the carriage (when bored in a lathe), the
kind of tools used in cutting away the superfluous
iron, the rate of speed at which the cutters travel,
the shape of them, and the degree of temperature
the casting acquires while being worked. For all
of these troubles there are remedies.

It is the practice in the best shops to bore the
cylinders upright; take out a heavy cut at first,
and bring the interior of the cylinder by succes-
sive cuts (say two), to within the thirty-second
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part of an inch of the size required. The remain-
ing portion is then removed in tbe last cut by a
tool which is neither a round nose nor a diamond
point, but a combination of the two; a moderate
feed is given to this tool, and the boring head, or
its equivalent, started on its journey. The theory
is that the round-nosed tool, with fine feed, makes
a dead smooth surface; this on first thought might
appear desirable, but reflection will show that it
is not so. Dead smooth surfaces in steam cylin-
ders, do not wear so well at the outset as those
slightly raised or ridged; and this may be ac-
counted for by the larger surfaces exposed and
the more intimate relations of the structure of the
iron, or of the faces opposed to each other.
Thus: cast-iron rings in cast-iron cylinders, are
apt to cut when new, unless they are very loosely
packed. With the round-nosed diamond-pointed
tool, the objection is that the edge of it will wear
away quicker, but the cut will be clearer and freer
than the legitimate round-nosed tool; it will heat
the cylinder less, and we think produce better
results generally.

An engineer of much experience has told us
that he preferred to have cylinders bored in this
manner, to having such very smooth surfaces as
are commonly used, and gave as a reason for his
opinion that the cylinders were insured a better
and more permanent finish than when glazed over
at the foundry. No rude workman need take

6'}(‘
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these remarks as an apology for clumsiness or
want of skill; a cylinder bored in this way re-
quires more careful attention than one bored with
a round-edged cutter. Very many workmen re-
sort to the use of blocks of hard wood in the
boring heads to prevent chattering or jarring of
the cutters; when this fault occurs it is a proof
that either the bar is too weak, or else that the
cut is too heavy; other things may cause it, but
these are the chief. It is therefore better to dis
pense with the pieces of wood, for the reason that
they are liable to force the tools into the metal.
‘When the blocks run over little chips, the wood
is either torn out or else the cutter is driven into
the cylinder; they also heat the cylinder, and, in
short, are more fruitful of injury than of beneﬁt;

Some shops, when boring cylinders, ship a cross
in each end of the casting through which the bor-
ing bar is thrust; the weight of the cylinder hangs
on the bar, and the rectitude of the bore depends
on the rigidity of the bar, the correctness of its
revolution, and the fit of it in the centres or
crosses. It is needless to say that no cylinder can
be bored true with such an apparatus as this; the
interior will resemble the barrel of the Irishman’s
musket, which was made to shoot around corners.
When the tool arrives at the bottom of the cyl-
inder it will certainly force the casting hard down
on the top of the bar, and when the tool arrives
at the top, of course the reverse will prevail; the
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casting will be driven up toward the bottom of
the bar, It is then apparent that the bore of the
cylinder will be a true copy of the orifice in the
¢ross, through and in which the boring bar works
as the weight of the cylinder tends downward, it
will soon wear the cross oval, and the evils com-
plained of will be observed. We have seen cyl-
inders of twenty inches diameter and five feet
stroke, bored out in this way, but hope never to
see another one so finished. Let us add, in con-
clusion, that all tools and equipments, of whatever
kind, used in boring cylinders, should be true and
correct in shape; the bars should run absolutely
true, and the cutters should be of that shape which
experience has shown to be the best for the pur-
pose. The work will be done better and more
expeditiously when such practices are observed,
than when the reverse obtains.

EXPERIMENTS WITH TOOLS NEEDED.

Theory is one thing and practice another, and
sometimes it happens, very awkwardly, that the
experience of the workshop refuses to agree with
the laws philosophers lay down.

There is another and a very important point in
the economy of the workshop, which is the power
required to drive tools. Let us know what is the
best form for a roughing tool. Out of half a
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dozen turners but one will be found who has a
tool that cuts at all, the rest merely grate or tickle
the top of the metal, so that some few miserable
raspings are taken off. That this is a manifest
loss to the company or proprietor is evident, and
proceeds solely from a want of knowledge of the
right prirciples. To obtain the knowledge in
question we must experiment, not guess, and we
think that a series of trials with a view to ascer-
tain the best form of edge for a roughing tool
would not be time thrown away.

A good plan would be to take a small lathe and
a train of gearing similar to those used for churn
powers. Let a pulley be applied to this gearing,
and a belt from it directly to the lathe. A weight
suspended from the drum of the gearing would
represent the power. Now let a tool be put in
the slide rest and set to work with a stated feed,
speed, and depth of cut. The time required to
run one inch, or more, should be accurately noted,
and the tool removed and replaced by another.
This in turn should be carefully watched, and the
result recorded. In this way the diamo~d-point,
the round-nose, the side-tool, the “no kind of tool,”
would all find their appropriate places, and the
results would show very satisfactorily, if the ex-
periments were well conducted, how much power
was required to cut one inch, with given feed, and
speed, and depth of cut. Of course the same shaft
should be used for all the toolsto cut on. The
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conditions would not vary with larger cuts and
heavier feed. Another point gained would be the
knowledge of how much horse-power, expressed
in foot-pounds by the fall of the weight in a given
time, was required for a certain number of lathes
of a'known length of shears and swing. Rough-
ing off work is the heaviest that is done on a
lathe, if we except cutting screws of quick-pitches,
and the expression would be the maximum power
required for a machine shop.

Much other interesting and valuable information
might be obtained which does not now occur to us,
for instance the loss of time and money through
working with dull tools, or those that were too
soft, etc., and we hope that some enterprising fore-
man or manufacturer will think it worth while to
institute these experiments.

CONSERVATISM AMONG MECHANICS.

Tradition is a good thing in its way, but mere
blind reliance upon it sometimes leads men astray.
The teachings of the past, applied to the arts, form
what is termed experience, and by recalling to
mind exigencies where extraordinary means have
been employed to overcome difficulties, men per-
form duties with more ease and certainty than if
they had not such memory at their service. The
reader may ask, “Suppose a man has not had
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extensive experience in some branches of his busi-
ness, how shall he thus familiarize himself witk
them ?” We answer, inform himself by taking
advantage of every means within reach that lead
to the desired end. Conversations with practical
men ; consultations with books or papers devoted
to the specialty he wishes to become acquainted
with; these have an important influence which
cannot fail to be an advantage to the student.
The mechanical ideas of this age of the world
lead men ever onward; that is to say, that every
hour discloses some vital question on which the
masses of mechanics are ignorant because they
have never given attention to the subject; as, for
instance, the most impenetrable armor; the most
deadly gun, rifled or smooth bore; the best forms
for the hulls of batteries and iron-clad ships; and
countless other points which will suggest them-
selves to all. This is why we say the spirit of the
age leads ever onward, and hence the necessity
which exists for investigating the labors of those
who have preceded us. Is it not palpable to
every one that the individual who has a knowledge
of three or four different processes of doing the
same thing, is a far more valuable member of
society than he who adheres obstinately to his
old-time method in the firm conviction that ¢
alone is worthy of attention? Most undoubtedly.
Yet we go over workshops and see men at work
with tools that the best authorities have discarded

\
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long ago as useless, and have superseded them by
more efficient ones; we see lathes in use with
narrow shears, small spindles, light screws; planers
with chains instead of screws or racks, and pinions,
chain-feed on the lathes aforesaid, and other ex-
ploded and thrown-aside devices that time has
outstripped and supplanted by more efficient ones.
These are the old school men, and they would
succeed much better in business if they took
advantage of the discoveries and theories reduced
to practice by other men. Pull out the old-
fashioned machines and replace them with others
better capable of doing the work! They occupy
room and waste time every day that ought to have
been economized. :

CHAPTER IX.
TURNING TOOLS.

THERE is no branch of the machinist’s trade
which is more interesting or important than that
relating to the lathe and its management. Of two
men working side by side with the same lathes,
and on the same kind of work, the same feed and
speed, one will do much more tnan the other.
We see this exemplified on piece work. Here the
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‘earnings of the workman are exactly in proportion
to his skill, and though his comrades may take
every opportunity to discover the secret of his
success, he still outstrips competitors.

This is owing in most cases to the tools the
skilful man works with. The unreflecting work-
man cannot appreciate some small matter in the
construction of a tool, and suffers accordingly.
He will most probably be contented to work with
a clumsy tool, like the one shown in fig. 43, instead

Fig. 43.

of the more efficient one illustrated in fig. 44, an1
he is perpetually wondering how it is that he is
always behindhand.

Fig. 44. 5
There is no mystery about the matter. A lathe
tool works on one principle, as do all cutting
instruments, and this principle is simply that of
the wedge.



TURNING TOOLS. 73

If a man has a heavy stone to raise, or a tough
block of wood to split, he does not take a wedge
which is thick and blunt, and almost as wide at
the base as it is long. He uses instead a long,
thin, and easy one, which does the work with
facility and celerity. The case is exactly the
same when we cut iron or metals of any kind.
To sever the fibres or crystals we must have sharp,
thin-edged tools, as thin as they can be made with
economy. With these, and proper feed and speed,
the work will be well done if intelligence super-
intend the operations. It is most essential that
the tools be made sharp and kept so. If they are
not, the work will be poorly executed. It is also
of the first importance that the work be truly and
properly centred. The centre is the point on
which the accuracy of the whole job depends, and
it will be apparent even to the unprofessional
reader that it should be perfect.

Very many workmen are content to take a
centre punch and make some sort of a cavity in
the end of the rod, and “let it go at that,” as the
saying is. No good workman does this, but shift-
Jess and indifferent ones do, and their work always
shows badly compared with that done in a proper
manner.

Every centre should be drilled. The drill need
not be larger than the tenth part of one inch, in
ordinary work, and the object of drilling is to
keep the point of the centre in the lathe from bot-

7
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toming. The centres in the work should be en-
larged with a countersink, like the one shown in
fig. 45. But when the shaft is too heavy to be
used in this way a
square centre is put
in the place of the
dead centre of the
lathe, a dog put on
the shaft, and the job

. set revolving. The
back end of a tool is then put in the tool post and
screwed up tight, and the tool brought in contact
with the running shaft. If the work has been
drilled properly, the sharp square corners make
a countersink like the
head of a screw, so that
s when the working centre

e of the lathe is put in the
/ __ spindle it will have a
Fig. 46. fair, solid bearing in the
job, as shown in fig. 46.

The way a centre, made with a centre punch
alone, acts, is shown in
fig. 47. Even if the
_ punch is ground to an
exact conformity with the

Fig. 45.

Fig. 47. nomeanslikely,the centre
will not be true, as a rule, when the work is run
over many times, For as the work revolves the



TURNING TOOLS. 75

orifice in the end of the shaft wears, where it
bears on the lathe centre. When the centre comes
to the bottom of the cavity, as it soon will, it stops
there because its point can go no further, while
the larger or outer diameter of the centres wear
away on the lathe centre. This causes the work
to be untrue; when a rough cut is taken off from
the shaft and a finishing cut is to follow, the work
runs “out,” and not only spoils the look of the
job, by leaving rough marks in one side, but
ruins the work, for it is not round, and can never
be made to fit in its place. There are many ways
of making countersinks for enlarging centres.
One commonly used, quite as efficient, and much
cheaper than the former
one, is shown in fig. 48.

Havingthus made abrief
but necessary digression
from the subject of turning =7
tools, let us resume the Fig. 48.
consideration of them.

The tool shown in fig. 44 is a good roughing
tool; it is called a diamond point, but there are
very many turners who do not consider it the
best for the purpose. It would be hard to say
why precisely, for there is sometimes a great deal
of whim exhibited in the matter of tools. Men
will use, in spite of argument or reason, the tools
tbey have been in the habit of employing, and
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prefer them to all others, even when they know
they are not so good.

The cutter shown in figs. 49 and 50 is a most
excellent one; its virtues have been well tried

Fig. 49,

Fig. 50.
and not found wanting. It is stout, cuts well,

when properly made, holds a good edge, and will
carry a heavy or a light cut with equal facility.
These are the chief requisites of a good rough-
ing tool. The management of it depends on the
workman.
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CHAPTER X.

TURNING TOOLS—CONTINUED,

THE best tools in the world, in the hands of
a careless or indifferent person, are misapplied.
Now, having obtained the proper tool, let us see
what is required of it.

In roughing off a shaft of any considerable size
there is hard work to be done; and, to economize
power, every thing depends upon the shape and
direction of the cutting edge. It will be conceded
that to reduce the shaft with little labor to the
lathe, and the least consumption of power, great
surface in the cut must be avoided; that is, great
surface considered in the direction of the length
of the shaft. Of course, in reducing the diameter
of a shaft a given amount, the depth of the cut is
arbitrary and depends who]ly upon the amount
the work is reduced.

It is manifest that the round-nosed tool, here
* shown, which many mechanics use, is the worst
that could be employed, for the surface of the cut
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taken by it compared to that taken by the 1 ugh-
ing tool already shown, is as the diffurence
between a curve and a straight line. The round-
nose tool takes a cut over one fourth of its diame-
ter, and that portion of the surface is engaged;
the shaft is not reduced in diameter, however, any
more than by the diamond point tool, which cuts
only on a small part of its edge, and works niore
directly to the end desired. The chips whick are

Fig. 52,

8 ot
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thrown off by these two tools show conclusively
that one works harder than the other. One is
long and free, and looks as if it were easily sepa-
rated, while the other is compressed, short, and
crooked, and its tensile strength much less.

These several figures present the idea clearly.
The side tool, fig. 52, takes even less surface on
the cut, in proportion to the iron removed, than
a diamond point tool, fig. 53 ; but it is not an
economical instrument to use for roughing off
work, because it soon gets dull, and the point
breaks off.

Let us now examine some kinds of tools for
other purposes. After the shaft or the work
whatever its nature, has been roughed out, it
must in most cases be finished or polished. Polish
is not always essential, but is indispensable in fine
work, for a nice fit depends on the regularity or
smoothness of the surfaces in contact. In former
times it used to be the custom to turn a shaft as
smooth as possible, to shift the belt on to the fast
speed, and with a number of files, a great display
of emery and oil, and polishing sticks, do what
the turner should have done with the tool. The
American mechanic of the present day knows a
better process than this, which occupies but half
the time. The emery used to get on the shear
and in the feed screw, and wear them out rapidly,
after polishing very large shafts, or other work,
there was half a day’s work to be done in cleaning
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the lathe so as to make it fit for use. The char-
acter of the finishing tool used in former times is
but little changed, not enough to affect it, but the
manner of using it is better understood. This is
a good finishing tool, but success in using it
depends on having it well tempered and ground,

Fig. 05.
and carrying a light cut. Just enough should be
left in roughing to take out the tool marks, and
then the shaft will be true, and handsome in ap-
pearance.

This tool is not to be placed square across the
shaft, or with its face bearing on it, but as in this
diagramn, so that the corner engages first and not

Fig. 56.
the face. In this position, if an irregularity is met
on the shaft the corner is sharp and cuts it off, but
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where the face is engaged first, the edge glides
over and the shaft springs, thus making an untrue
spot. ‘

This tool should in all cases be very slightly
rounding on its face, in line with the shaft, and
have but little clearance below, so that the cut
will be nearly straight, for in this way it works
smoother than when it rakes a good deal. Every
tool has its use; the diamond point, or its sub-
stitute, for roughing; the round nose for fillets;
the square nose for square corners; and so on to
the end of the ghapter; and it is as much folly to
take one kind of tool for general use as it is to
take one medicine for all ailments.

When a tool is properly made and ground it
depends very much upon its position whether it
cuts well or not. If the cutting point or edge, as
the case may be, is set below the centre of the
lathe, it will not work properly and is dangerous,
for the tendency of the work is to roll up on it
and leap out of the centres. When this occurs a
double mishap is the result, for the work is not
only injured, but the lathe shears and carriage are
also endangered and oftentimes broken across, if
the shaft be a heavy one. To cut well, the point
of the tool should be slightly above the centre of
the shaft, and the shape of the tool below should
be such that no part of it bears against the job
If it does bear, the shaft will not be true when
done, and the tool will feed irreghlarly; some-
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times 1t will jump in and take out a huge piece.
at others it will not do any thing. This defect of
a bearing on the work below the tool is shown in
the appended engraving.

Fig. 57.

A side-cutting tool, or one that approximates to
it, works in the same way when it has a bearing
below the edge; the cutting part is crowded off
by the pressure below until the spring of the tool
forces the edge in heavily, then it takes out a
“chunk” and stops until the feed forces it up
again. Good, smooth, free, and true turning can
only be produced by tools which cut where they
should cut, and bear nowhere else.

CHAPTER XI.
TURNING TOOLS—CONTINUED.

A @REAT aid in turning long and heavy shafts
and piston rods or shafling for pulleys, is found
in what is called a “doctor.” This tool is made
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1n many different forms, but the essential principle
of it is the same in every case. The object is to
confine a number of cutters so that they cannot
relax or slide away from the cut; for it will be
apparent that should this occur the size would
vary. The only change, therefore, in the size of
the shaft will be from the wear of the cutting
edges; where these are well got up, hardened, and
set, the loss from such a cause is inappreciable,
unless the work be full of sand seams. One kind
of a doctor is made in the following manner :—

Fig. 58.

The outside casting is made in two pieces, and
has a handle on one side. The wooden blocks, A,
are placed between the two castings and screwed
up tight. The distance between them should he
just the size the shaft is when finished, and they
serve to steady the tool so that the cutters will
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not chatter and make the work rough. The cut-
ters are a little ahead of these blocks, so that the
wood bears only on the turned part of the work.
To accomplish this the end of the shaft to be
turned must be started with a common finishing
tool for a short distance, so that the blocks can be
fitted to their places before the doctor is set to
work. The cutters are ordinary finishing tools,
ground square on their ends, and set so as to cut
from their outside edges. The whole square face
must not bear on the shaft or the tool will jump
in. Very many mechanics round off the cutting
corner of the tool, but this we think objectionable,
for it takes more time to grind it, the tool has a
greater surface to cut over, and the edge is more
difficult to keep in good order than when square,
or a very little rounded. The cutters themselves
rest in slots, which they should fit accurately side
ways. Backing them up with bits of tin or wedges
is a slovenly practice, and takes more time than it
does to plane the cutters so that they fit properly
at the outset; they may be kept in place by set
screws or clamps bolted over the end of the cast-
ing, and a tap with a hammer on the end will set
the tool into the shaft for its cut.

In free, soft, well-forged wrought-iron, a doctor
is a capital tool, but in scrap iron, in shafts that
are full of sand seams and hard spots, it is difficult
to make it work well. The sand takes the edge
off the cutters and they have to be ground fre-
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quentiy. It is then a difficult matter to set them
on the old cut, so that the shaft will be neither
smaller nor larger than the part previously turned,
nor yet have a shoulder or ridge where the cut
was started anew.

Shafting for pulleys at the present day is all
turned true and smooth. It used to be the practice
to bore the pulleys a sixteenth of an inch larger
than the shaft, or an eighth, for that matter, and
put set screws in the hubso as to fasten the wheel
in place. This way of doing work has been
abolished. With such a plan the pulley never
runs true. The belt is at one time slack and at
another tight, so that the machine driven runs by
jerks, instead of easily and smoothly. Grease and
dirt also collect on the rough shaft, so that in time
the upper part of a factory so fitted looks more like
a hen-roost than the scene of organized labor.

It has always been a favorite idea with us to
turn shafting in a lathe as broom handles are
turned—that is, in concentric cutters. There is
no reason why such a plan should not work with
short lengths and small sides. In such a lathe
there would be no tail stock or back centre, and
the shaft, being carried in proper bearings, could
be fed through the stationary cutters, just as a
broom handle is turned in its lathe. The cutters
might be set in a large box in the centre of the
bed,"and the cone pulleys on the lathe spindle,
together with the head itself, should slide along,

8
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or the shaft might be fed through them. In brief,
the shaft might be turned at the last cut just as a
boring bar runs in its box. Tet the cutters be in
the box, and feed the shaft through; with water
run upon it the finish would be beautiful, and the
work true.

It may not be inappropriate to introduce here a
fixture of the lathe which is often used in connec-
tion with long shafting. The common steady rest
which accompanies a lathe is useless unless a bear-
ing be turned for it to work on. With a shaft
cighteen feet in length and two inches in diameter,
this is a very troublesome and uncertain process,
for the shaft is so long that it buckles and springs,
and rides up on the tool, and often jumps out of
the centres. It is to avert such a disaster that
this fixture was contrived. It is a very old and
very useful servant of the machinist, and is merely
a cast-iron sleeve with steel set screws in it. This
sleeve is turned true in the centre, so that it runs
1 the common rest, and is slipped over the shaft
and secured by the screws. The turned part is

Fig. 59.
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then sct to run true—it makes no difference
whether the shaft sags or not—and the steady rest
applied. This is a short and simple operation and
an extremely necessary one.

There is another tool, much used by some
turners, which is called a spring tool, although its
virtues are not apparent to us except for special
purposes. It is made as shown below, in fig. 60,
and it never “digs in,” but goes about its work
soberly and steadily.

Fig. 60.

From its shape it will be seen that whenever an
undue pressure is exerted on the cutting edge the
same will give and recede, or spring down, which
is the same, and thus prevent the edge from jump-
ing in. For long shafts, or in places where the
tool has to be extended a good way from the
post, this will be found useful for finishing with,
for it will not chatter if the surface in contact with
the job, and the amount of cut, be small. We
consider it of doubtful utility for finishing surfaces
that require to be true, for every inequality that
the edge comes to, if the spring part be strong
enough, it cuts off, hut if it be weak, it slips over
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and thus makes bad work. By putting a small
wedge between the spring and the shank it can
at any time be changed to a solid tool.

With a roughing tool and a finishing tool any
one can turn out good work with a little experience,
and observation will supply from day to day much
more instruction than we could here impart. In
complicated work, or in places where ordinary
tools cannot be used, it may be of some benefit to
our readers to bear in mind what follows.

The forked end of a connecting rod is a difficult
thing to turn nicely. It is not troublesome to
roughhew it, to make plunges at it with a round-
nosed tool, to make chatters in it, or leave it in
such a state that it will take a finisher three or
four days to file it up. But to turn the various
corners neatly, to leave the edges sharp, and the
outline without ridges, is a nice piece of work,
and on no other job can the turner show his ability
better.

This is the piece of work spoken of, and al-
though it is quite simple in its appearance, it is

Fig. 61.
very troublesome. It is fat on the face toward
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the reader, and unless the finishing and roughing
tools are set at the proper angles, and well secured,
they catch under the advancing edge and break
off or jump in. Every mechanic koows what
mortification it is to have a tool act thus; for
when the surface has been finely finished else-
where, one unlucky mischance by catching may
spoil the whole.

As the rod comes from the forge it is rough,
and in heavy rods for marine engines, such as
we now speak of, especially so. If it is trouble-
some to turn the rod it is bad to forge it, and
the blacksmiths generally leave an abundance of
metal.

After the rod is laid out with the curves ex-
pressed on the drawing, and properly centred, the
turner takes a square-nosed tool and runs in nearly
to the lines all round, as in this diagram.

Fig. 62.

This roughs out to the outline neat and clean,
and develops the shape perfectly. It is handier
than any other method, because the workman
knows exactly what he is doing. Instead of skip-
ping about, taking off & lump here and a chip

8%



90 TURNING TOOLS.

there, he goes steadily on to the end, and never
makes one turn of the feed-screw handle without
some advancement,

A square-nosed tool is better than any other for
this purpose, because the edge, or corner, takes
hold fairly and firmly, while the round nose, al-
though it conforms to the curve better, is con-
tinually working or crowding off. When the
tool has to be worked down a distance by hand,
as in this diagram, it is better to put in an ordinary

Fig. 63.

roughing tool, with the feed in, and start at @, and
cut it right down at once to the centre punch
marks denoting the outlines. In this way the
lathe does much more work, for no man can feed
as regularly and steadily, or as effectively, as the
lathe itself can.

When the outline is once developed, and the
ridges cut off by a bent side tool, the outline of
the curves will present a surface consisting of a
series of smooth-faced angles, without a rough cut,
a “dig,” or a chatter upon them. After this it is
an easy thing to cut off the tops of these angles,
and make one fair and beautiful sweep of the
whole outline. The surface will shine as bright
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as the face of a mirror, and be as true as a pair
of dividers can lay it out. 'We know this because
we have tried it.

The final finish can be well given by a tool

Fig. 64,
constructed as shown in fig. 64, and the reverse
curve as in this cut (fig. 65). It must be borne

Fig. 65.

in mind that these tools have but little cut, or
rake below, for the circle they cut on is very large
and short, circumferentially, and a raking edge
will jump in, while one too straight will push off.
The linear length of the tool, or distance along the
line of cut, should not be great, for the liability to
spring is very greatly increased thereby. From
two to three inches, and even less, ought to be suf-
ficient for rods of ordinary marine beam engines.
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CHAPTER XII.
TURNING TOOLS—CONTINUED.

VERY many mechanics start the carriage with
feed down the lathe shears, and, as the curve falls
in on the rod, screw the tool in, thus gradually
working out the curve. This may be a good plan
where the curve is large, but as it changes its
character near the neck of the rod, and becomes
concave, instead of convex, the handle must move
over a long space very quickly, and it requires
good guessing to tell just how much or how little
the tool will take. Sometimes it misses entirely, or
else takes a huge bite, and the latheman trembles
lest the next thing his eyes behold will be the six
ton rod flying from its centres and crashing into
the bed below, while the general wreck of face
plates, cone pulleys, ete., carried down by his mis-
management, tell a piteous tale of want of system
and good workmanship.

It is not seldom that such cases occur. We
once saw an impatient turner cutting a screw;
when he came to throw the backing belt on to the
pulley, he slammed the shipping bar with such
violence as to spread the counter-shaft hangers
overhead apart, and the shaft, belting, pulleys,
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and all, came thundering down within an inch of
his head.

The ingenious turner can readily contrive tools
for special purposes, so that by them his work will
be greatly expedited. It sometimes occurs that
Jjobs have to be turned inside and out at one time
or without removal from the face plate or mandrel ;
ordinary tools are then inapplicable. Such an
instance is shown below, where the casting has to
be turned off inside and out without removal.
As the inside cannot be bored with a boring tool
(it being next the face plate), a special tool must
be used, and one is shown in fig. 66, in connection
with the casting.

Fig. 68.

It must be borne in mind that we distinctly
repudiate the use of such tools unless they are
absolutely indispensable. The situation, however,
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is one that the turner has nothing to do with, and
he must not be held responsible for want of good
judgment on the part of the designer who con-
trived such an awkward piece of work. Such a
tool as the one shown in fig. 66, springs and
buckles because it has no direct support or bear-
ing from the shank, and cannot be used at all with
a heavy cut.

In the manipulation of heavy crank shafts much
care and good judgment are requisite. Crank shafts
for inside connected locomotives and screw engines
are made in one mass, and it is a costly piece of
work to finish them. For large marine engines,
crank shafts of many tons in weight are sometimes
built up or made in separate pieces and shrunk
together. By this method they are not only as
good as solid shafts, but better, for in the crank
and pin the fibres of the iron run in the direction

Fig. 67.

“of the greatest strain. The case is quite different
in solid forged cranks. When properly shrunk
together the parts are immovable by any ordinary
power. The Golden Gate, of the Pacific Mail
Steamship Company’s line, has a composite centre
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shaft of this kind, which weighs over twenty-five
tons. )

To return to the solid crank shaft (fig. 67). It
is customary to cut the centre-piece, A, out at the
slotting-machine, but this is sometimes imprac-
ticable, owing to the size of it, or other causes.
It is also drilled out, but these several operations
involve more labor than when done in a lathe.
The block is first cut out by drilling holes along
the line of the crank pin, as in this diagram, and

Fig. 68.

then running a square tool up to the holes. By
this plan much handling of the shaft is prevented,
for when the block almost drops out, the turner
can detach it with a hammer and chisel and then
go on and finish the pin up, without the trouble
of taking out or putting it on the lathe so often.
When the shaft is long it is a very troublesome
piece of work to handle. There are strong cast-
iron heads keyed on to the ends of the shaft, in
which are centres to turn the pin on; balance
weights must be put on the face plate of the lathe
to compensate for the weight of the cranks. For
want of these balunces the work is very often



96 TURNING TOOLS,

spoiled. The crank being the heaviest has a
tendency to fall forward immediately after passing
over the top centre. The back lash of the back
gear, which is always in, allows it considerable
motion, so that a very little is enough to make it
mount on the tool and break it off, or else cut into
the surface of the pin and destroy its truth. All
the centres must be well screwed up, and the lathe
centres, especially, have a fair bearing, or else they
will work out of correctness and make the crank
pins and journals oval instead of round.

‘When the square-nosed tool is run in it must
have a narrow steel shore under it, so fitted, in a
slight depression on the lower side of the tool, that
it cannot fall out when the tool springs, as it does
after every cut; very many turners make the tool
with a deep belly, so that it is strongest in the
direction of the cut.

As the tool advances the shore advances with
it, and the bottom of it rests in a shallow groove
at the foot of the tool post. The tool should not
have a lip on it, nor much rake, and the shaft
must run slow and steadily. The feed must also
be regular and even; and with these precautions
there is little or no dancer of j _]umpmg it into the
work.

Another very dlﬂicult tool to manage is the
common straight cutting-off tool. There is no
reason why this should be so, but it is a fact and
will be universally acknowledged by machinists.
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The t1ouble anS‘es?fm;n a- want_pﬁ—care in making
the tool. It merely requires to be straight from
its cutting edge and sides down, not glanced or
rounded off.

It is almost impossible to indicate in an en-
graving the slight amount of end roundness which
will spoil the action of the cutting-off tool. If the
corners of the sides are rounded over, even slightly,
the tool is in danger of catching and breaking off,
while, if the front or cutting edge be also an in-
direct line, it is liable to be drawn down instead
of taking a direct hold on the work.

In connection with this subject we have al-
ready given an illustration of a straight finishing
spring tool, and specified some of the uses cutters
of this class were applicable to. They come in
play in putting the final touches on the crank
pin, for here the tool has to be extended a long
distance from the support, and a common solid
tool is in danger of springing and foreing the

Fig. 69.
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edge in. The spring partition must be made light
enough to yield when a heavy strain comes on
the edge, and yet sufficiently strong to carry a
moderate feed without causing the surface to be
irregular. The round corners are apt to be full
of chatters when the solid or stiff tool is used, but
with this tool the fillets will be, when used in con-
nection with water, of the most beautiful character
that it is possible to imagine. In these figures
(69)an illustration of a round-nosed filleting tool
is given, which works well and gives good satis-
faction when properly used.

CHAPTER XIIL
TURNING TOOLS—CONCLUDED.

As grinding a tool and keeping the edge in
proper condition is very essential to success, it
will not be amiss to state a few facts of impor-
tance in regard to it. Inexperienced turners
always go on the wrong side of the stone to
grind; that is, when it runs from them. Every
tool, no matter what its character, should be
ground with the stone running toward the work-
man, as in fig. 70, the direction of motion being
shown by the arrow. The reason for this is
apparent to any ome who thinks for a moment
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It is this—viewed through a magnifying glass
the edge of every tool presents a serrated or saw- °
tooth appearance.

‘When the tool is ground with the stone running
from the operator, all these fine threads, or fila-
ments of steel, are drawn off toward the outside
or upper edge, so that it forms what is known as
a wire edge; the first application to the work
breaks these off, and in a little while the tool is as
dull as before it was ground. If, on the contrary,
the tool be held against the face of the stone on
the running side, as shown previously, the metal
will be cut downward, and a keen, sharp edge

produced, which will last much longer than when
- ground on the other side; it only requires an oil
stone rubbed over it to remove the asperities and
render the edge uniform. As the tool comes from
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the grindstone it is invariably rough, however

“smooth it may appear to the naked eye, and it is
a good practice to touch up the edge preparatory
to putting it in the tool post. It is this rubbing
with the oil stone that gives that incomparable
finish to wrought-iron when the tool is sharp
Such a polish is more durable than any that can
be imparted with emery or oil, superior in appear
ance and cheaper to produce; cardinal points in
favor of using a sharp turning tool.

" There are many tools which cannot be ground
upon the stone without destroying the shape.
Tools for forming beads or mouldings are of this
class, but as they are generally used on cast-iron,
they are intended to scrape rather than cut, and
the faces can therefore be ground flat. It is gen-
erally easier to file the tool to the required shape
and grind it when dull.

Tools that are filed have two disadvantages
which make them inferior to those tempered and
ground subsequently. When a tool is tempered,
the smith dresses the edge by repeated blows, and
compacts the metal at that point very closely, thus
making it tougher and finer in grain. The harden-
ing process is also an advantage, for the edge is
less apt to be wiry than when the metal is fibrous;
which is the case with annealed steel. A tool that
is to be filed into shape must necessarily be soft
previously, and though the workman may be an
adept, he is very likely to slur the fine edge over
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in forming it, and make it rough and dull, instead
of sharp. When the edge of a filed tool is tem-
pered it is apt to crumble, and is, in many other
respects, inferior to one that is ground.

For turning a moulding or bead on a side pipe,
or cylinder head, such as the one shown in this
figure, it will be found convenient to make the

Fig. 71.
bxading tool on the spring plan, illustrated in
fig. 60. By this method it is less likely to chat-
ter, or leave ridges, or cut roughly.

Oftools other than those used for eutting wrought
and cast-iron, there are few which are materially
different in external appearance. To this state-
ment there is one exception. Brass cannot be cut
by the same tools: that are used for iron. Below,
in fig. 72, we give examples of tools for turning
brass. It will be seen that they are perfectly
straight on the upper faces, and have no lips or
acute edges. It is not possible to cut brass with

g%
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- a drill, or any other tool that has a cleaving edge.
Such edges draw in to the metal and throw it out

Fig. 72
compositions of copper and tin, zinc and copper,
and others, which can be cut by common tools,
but these are not brass, which consists of specific
portions of certain metals. One of these tools—
the round nose—is used for light cuts, and the
other where large amounts of metal have to be
taken off at once.

In turning wrought-iron very many turners
make their tools quite hard, and cut the metal.
dry or without water; preferring to absorb power
rather than soil the lathe with sloppy combinations
of iron and water. With proper care but little
“muss” will be-made, while the gain in time, by
using water, is very apparent. Not less important
is the power required to drive a given number of
lathes. Those which run dry require more than
tools used with water, for the simple reason that
the friction is greater. Any one can test this to
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his entire satisfaction by putting a tool in a lathe,
starting the cut, and driving the machine by hand.
It will be found that when the chip is of such a
size that the arm can hardly turn the lathe dry,
the addition of water will free it immediately, and
the lathe can be driven with ease. If the shears
be well oiled previous to beginning a job, the
water can be wiped off without injury to them,
even though the work be days in progress.

This chapter concludes the series on this subject.
The skilled turner will perceive many cases not
laid down under this head which might have been
alluded to, but it is impossible within the limits
of our treatise to detail every minute manipula-
tion a lathe is capable of. Special instruction on
particular points has not been aimed at, but a
general and familiar treatisc on the tools used in
turning,
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PART - T1T,
MISCELLANEOUS TOOLS AND PROCESSES.

—r———

CHAPTER XIV.

LEARN TO FORGE YOUR OWN TOOLS—MANUAL
DEXTERITY—SPARE THE CENTRES.

MAXY mechanics have an idea that after they
have mastered the more legitimate duties of the
workshop, they have learned all that is necessary
and can undertake any thing in their line of busi-
ness. Machinists particularly are prone to this
error—a common one by the way—and think
that a knowledge of fitting and turning, once
acquired, makes up for all other deficiencies. In
reality, the self-styled finished mechanic is, para-
doxically, the unfinished one; for he who ac-
knowledges his shortcomings, and tries to correct
them by obtaining all the information he can, will
acquire a more thorough knowledge of his pro-
fession. Comparatively few machinists are com-
petent to dress their own tools, or, indeed, handle
the blacksmith’s hammer on any work. How
many times such knowledge would have been
invaluable, we leave individuals to decide from
their own experience. A simple weld which they
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were unable to make, a faculty for dressing chisels
without putting their own eyes in danger by strik-
ing the anvil instead of the tool, would assuredly
have stood persons ignorant of such details in
good service in time of need. Apprentices who
go to the tool-dresser to have the edges of their
chisels or other instruments renewed, will do well
to observe the process and inform themselves of
it. Observation and experience are twins and
inseparable, and no youth, or indeed any adult,
can hope to attain eminence or proficiency with-
out paying some respect to the matter herein
alluded to.

Nothing looks more slovenly or impairs the
value of a tool quicker than the accumulation of
dirt and grease in its joints or about its bearings.
The filthy oil that most manufacturers use, from
a mistaken idea of economy, forms a glutinous
mass outside of the bearings of lathes and other
machinery, in which cast and wrought-iron dust
and grit collects, to the great detriment of the
working parts. Aside from this fact, the drill
shavings and chips from cutters, if allowed to
gather in the bed, or about the foot of the tools in
question, give the shop a slovenly appearance,
which greatly prejudices it in the minds of ob-
serving people. A lathe or planing machine that
is clean will do twice the work that a dirty one
will, at less cost often; and over and over again
we have watched sume clumsy fellow wading
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around in chips, or else catching one up every
now and then just before it fell into some of the
gears. Such a man cannot do good work, because
his mind is distracted by side issues.

MANUAL DEXTERITY.

While the brain of mankind is invigorated and
educated by correct study and discipline, the other
parts of the body, more particularly the hand, and
some organs, as the eye, can also be trained to
tasks which at first thought seem wonderful and
impossible. The Creator has so cunningly en-
dowed our bodies that-there is no labor to be -
done, no skill in artificing or fashioning the
metals, that is beyond our reach. Kven jugglers,
who have no trade, depend upon digital swiftness,
or the sleight of hand, to perform their ““ miracles”
successfully ; and the safety of rope-dancers de-
pends not merely upon their balancing poles, but
upon the degree of education they have imparted
to their feet. If in such callings as these, wherein
the sole object is to please the multitude, the
culture of the members and organs of the body is
essential to success, may we not say that in the
mechanic arts, upon which such important issues
now hang, manual dexterity is entirely indispen-
sable? We would, therefore, earnestly impress
upon our mechanics the importance of it. This,
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allied to intelllégfcammwﬁabmmﬁﬁes first-class
workmen. It is by no means to be despised, for
excellence in this respect is attended by many
other qualities which are of the utmost service in
the trades. It is an old saying that “the hand
follows the eye;” this is only another form of ex-
pression for manual dexterity. We see the truth
of it exemplified every day; even sportsmen shoot
on the wing instinctively, after the first lesson of
following the bird in its flight is acquired; and
the machinist, when chipping iron, always hits
his chisel on the head, even though his eyes be
closed or his face turned from his work : this is
manual dexterity. By tuition hishand haslearned -
to work in that direction, and although in this
case he is not guided by his vision in any respect,
his blow is none the less sure. Let any one who
desires to prove the correctness of this assertion,
take a hammer and chisel, such as iron-workers
use, and try to work with ‘it; he will be speedily
convinced that here at least manual dexterity is
necessary to success and good workmanship.

Of two men working side by side on the same
work, both actuated by right impulses, one will
exceed the other just so far as he cultivates the
motions and faculties, so to speak, of his fingers,
all other things being equal. So much does the
quality that we have made the caption of this
article exercise its influence on men, almost in-
sensibly, that we have seen artisans performing
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intricate tasks with an abandon and offhand
motion tnat was wonderful; and that, too, where
the least false movement would spoil work which
would cost them many a hard-earned dollar to
replace.

SPARE THE CENTRES.

The practice of knocking off the centres of
turned work is a mischievous one. It is merely
doing work that is not only needless, but that at
some future day will have to be done over again.
When a centre is once properly made in a shaft,
or any other part, is is unalterable except by chip-
ping or purposely changing its position ; and work
once turned true on good centres will always be
true, provided no damage occurs to it. It is just
in this particular that the true centre is useful, for
if a shaft is bent, or an arm on one thrown out of
line, the old centres are available and the injured
piece can be made as good as new in a short time.
Suppose, however, that the journal of a shaft is
worn oval, or that the collar is battered and
jammed up, how is it possible to find the true
centre of the shaft? It never can be found; the
shaft may be made to run straight, but not by its
old centres if they have once been cut off. When
shafts are forged too long, in cutting them to the
right length great “tits” are left on the ends,
which are both ungainly and in the way. This is
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the blacksmith’s fault, and must be remedied by
the machinist; cut the shaft to the right length
first, knock off the centres if they are too long,
and then re-centre the job and finish it according
to the drawing. In steam-engine work especially,
the centres of shafts are essential to nice adjust
ment, and they should never be removed.

A foolish notion prevails among some mechanics
that centres injure the finished appearance of the
work, but it seems to us that this is an erroneous
view which ought not to be tolerated. Drill every
centre, and drill it deep; countersink it so that it
will have a good bearing on the centres of the
lathe, and the workman will have the satisfaction
of knowing that, all other things being equal, he
will have a good job, and one that can at any time
be easily repaired if damaged.

CHAPTER XV.
ROUGH FORGINGS.

I HAVE often remarked, in the course of my
professional experience, upon the indifference dis-
played in some of our large machine shops toward
obtaining good iron forgings. In certain intricate
shapes, where the safety of the work would be
imperilled by too much elaboration, when often

10
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heated, where some heavy parts are in close prox-
imity to some very light portious, it is perhaps
advisable to bring the work something near the
finished size and leave the rest to be removed by
machines intended for such business. Instead,
however, of working as closely to the drawing as
they might, a great many blacksmiths leave al-
together too much iron for the turner and planer
to cut off. This practice is to be reprebended, as,
in addition to the increased cost of the job, the
value of it as material is very much reduced. If
a blacksmith leaves from three fourths to an inch
and a quarter of sound iron for the turner to
remove from a shaft five inches in diameter, he is
guilty of a very great waste of time, labor, and
material. We do not allude to shafts turned up
from rolled iron; any person who had to make
a 5-inch shaft and should deliberately select a
6-inch bar of iron to turn it out of, would be
regarded as demented by all sensible persons.
If the practice is not to be tolerated in the case of
rolled iron, how shall we reconcile the fact of
forging a piece of shafting very much larger than
there is any occasion for, with mechanical common
sense ?

Trip-hammers are very useful tools in a black-
smith’s shop, for they condense metal into itself,
and compact the fibres of it firmly together
What shall be said of those persons who leave
such an excess of metal that the best of it is all



ROUGH FORGINGS. 111

varned off by the machinist at a dead loss to the
proprietors? Comparatively a bLiacksmith can
work faster than a machinist; he can heat his
iron and dress off a piece of metal that would
require four times the labor on the part of the
mechanician. So also with heavy hammers; they
can draw down an inch and a quarter of iron
much sooner than a lathe can turn it off, and the
shaft so hammered will be a far better one than
another roughly forged.

In locomotive shops there are better forgings
made than there are in the marine engine shops in
New York. There is more die work and a greater
attention given to producing smooth, sound, even,
and good forgings than in the large works above
mentioned. It seems to us that this subject ought
to receive some attention. It is as easy to make
a forging somewhere within range of the finished
dimensions as it is to produce a lump of iron with
scarcely the most remote resemblance to the final
outline. This scale ought to be removed much
oftener than it is. When iron is overheated the
impurities in it work out to the surface; a certain
portion of the exterior, a very thin skin of it, is
burnt, this makes a hard, vitreous scale that ruing
the edge of a tool in a short time. KEvery black-
smith knows very well how to knock it off and
improve not only the looks of his own work
but lessen materially the time demanded by sub-
sequent operations. These matters are worthy of
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attention  They are those little details of machine
work that are too often lost sight of, but which
exercise a very material influence over the profit
and loss account. A minute in a factory repre-
sents some portion of a dollar, whatever the same
may be; it does not require any very brilliant
effort of logic to see that many minutes make
many fractions of a dollar. The waste of time in
doing useless work has a pecuniary value, and it
is just as foolish to cut an inch or half an inch off
of a shaft, when it could be avoided, as it would
be folly to throw money into the sea. Let us
have no more such waste, but turn out blacksmith
work in some degree approximating to the me-
chanical advancement of the age. We have seen
shafts forged (and turned them too) that required
to have two inches cut off the ends before they
were of the right length. Such cavelessness, for
it is nothing else, shows a want of ccusideration
for the employer’s interest that should be seen to
at once by those concerned.
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CIHAPTER XVL
HOW TO USE CALLIPERS.

It may be safely assumed that comparatively
few mechanics use callipers properly. There are
many different forms of callipers, with which all
mechanics are familiar, such as those having
springs, and those which are secured, when set,
by set-screws biting on an arc. While all these
have their several merits, commend us after all to
the old-fashioned sort, made with two legs, two
washers, and a good rivet. Now what is the
reason that one man will always make a good fit
when turning a shaft to fit a bore, or the reverse,
while another man makes a botch of it? The
reason is that the formeér knows how to take a
size, while the latter is ignorant of that duty.
Sizes when turning are generally taken either
with a pair of callipers or a standard gage. It
would naturally be supposed that with the gage
inaccuracy of measurement would be impossible.
It is possible, however, and frequent, because the
workman has not sufficient delicacy of touch to
use the gage properly. Callipers are very sensi-
tive, and are often used for extra nice work; if]
however, the work has to be multiplied many

simes, then the use of callipers is not economical,
10*
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and we must substitute some other method ; more
over, gages are costly tools, and but few shops are
able to own complete sets; for general work,
therefore, we must rely upon the callipers. Black-
smiths have tools which resemble callipers, but
they are uncouth and rude. The majority of men
of that calling, when using them, set their callipers
somewhere near the size they want, and then, upon
comparing the work with them, jab them over the
rod or shaft, as if they were going to cut it in
two. The consequence is that the size of the
work finished depends very greatly upon the
resistance which the joint opposes to the black-
smith’s strength. It is needless to remind the
machinist that violence or pressure, applied to
tools of this kind, only distorts the measurement
and results in “bad jobs.” The object with some
workmen seems to be to find out how much the
callipers will spring in going over a shaft without
altering ; not to ascertain how much metal must
be removed before the requisite dimensions are
attained. It is safer to go by the sense of sight
than it is by the sense of feeling, in all cases
where it is practicable to do so. When we can
see that the callipers barely touch the object
measnred, we know it is of the proper size, but
when we only feel of it, accuracy depends almost
wholly upon a delicacy of feeling which all per-
sons do not possess. When we say accuracy, we
do not mean hap-hazard accuracy, that will admit
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of being somewhere in the neighborhood of the
right size, but we mean absolute mechanical in-
tegrity, such as is obtained in the sewing machine
and in the manufacture of our best steam-engines.
Many new inventions are rendered useless and
thrown aside as impracticable, solely because
rudely made; let us then endeavor in the use of
all tools, but more especially in the employment
of those upon which the proper working of other
parts depends upon good fits, to be as faithful as
our abilities will allow us to be. .

CHAPTER XVIIL
A HANDY TOOL—RIMMERS.

Howrgs in castings which are cored out very
often, require to be made true and smooth, so that
bolts will fit in them. Some machinists waste a
great deal of time in plugging the holes
up with wood-and then drilling them out
afterward ; still others spoil rimmers and
files in rimming or filing the sand out;
it is needless to tell the intelligent work-
man that all these methods are costly
and tedious. A better way to accomplish
the object is to make a tool like the one
shown in the accompanying engraving.
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It can be made in twenty minutes, and is a simple
but indispensable tool. It is merely a steel pin
ground square on the face and turned true in the
lathe. It may be parallel for a short distance (so
that it will go straight) and taper above so that it
will clear; the length is made to suit the work to
be done. This pin is to be driven right through
the casting, half from one side and half from the
other, or else the face of the casting will be injured.
‘With such a tool as this ten times more work can
be done than with a drill or any other method,
while the quality of it is excellent. It is called a
drift pin, and may be made of any size.

RIMMERS.

Rimmers are indispensable tools in all shops
that profess to do good work. No matter how
well holes may be drilled, they are not perfect
unless rimmed. The twist drills now in use in
the best shops make holes as perfect as drills can,
yet even with them it is necessary to run a rim-
mer through where two parts are to be bolted
fast—as a cylinder on its frame, a pillow block in
its seat, or other details that require to be im
movable.

The most common form of rimmer in use is the
flated one. The cutting part consists of many
blades worked out of the solid metal either by
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planing or milling on a machine. These tools are
good in many cases, but they are frequently made
with too many and too sharp cutting edges. The
hole formed by such a rimmer is not round, but a
series of angles, as any one can see or feel by look-
ing at it or putting a finger in. In our opinion it
would be far better to make rimmers of this class
with five or seven cutters than twelve or fourteen,
as is generally done; and, furthermore, to leave
less to rim in the work than is generally left, so
that instead of taking a rank hold of the metal,
the cutters would just clean the surface, and no
more. In holes from half an inch to an inch, the
sixty-fourth part of an inch is ample, if the drill
is what it should be. In holes from an inch to
two inches, a full sixty-fourth to one thirty-second
should be allowed to rim out. Holes over two
inches are cheaper bored out with a bar and cutter
than rimmed, where it is possible, for the reason
that rimming is done by hand, and is slow and
" hard work, while boring is done by power, and is
quick and easy. Rimmers with seven blades re-
quire to be well backed off, as taps are, but not
so much as to cause them to jam in the hole and
work hard.

We have seen rimmers made with lozenge or
diamond-shaped teeth, which worked very well
A pineapple forms a good natural illustration of
their pattern. Such a rimmer is easily made in
the lathe. To make it, put on screw gear to cut a
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quick pitch—say one turn in two inches for an
inch rimmmer. Cut a right hand thread and then
cut a left hand thread on the same piece, plane it
out, and back it off the same as any other rimmer.
Such a tool will cut a round smooth hole and take
more metal out with less labor than a straight
fluted rimmer. Stubbs makes a five-sided, or
pentagonal rimmer, with flat sides, that does well
enough in a small work, but we never had a
fancy for rimmers with flat sides. If it is neces-
sary to straighten up a hole with a rimmer, and
the tool is forced over to one side, a pentagonal
rimmer is almost certain to bear in and work the
hole oval.

Half round rimmers are very useful to boiler-
makers or in rough work, but have no place in a
machine shop.

A square rimmer is not worth a cent to do good
work well. Holes, in castings that are cored out
and have to be rimmed, should be drilled when
over an inch, being first stopped with hard wood
plugs driven in tight, so that the drill will have a
bearing on the point. Holes up to and under one
inch may be cleaned out with a drift pin, which is
simply a square end punch. All rimmers, of
whatever form, should enter the hole to be rimmed
at least one inch before they begin to cut, so as to
get a fair star and stand straight.
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CHAPTER XVIIIL
KEYING WHEELS ON SHAFTS.

WHEELS in machines are secured to shafts by
different methods, such as forcing them on, by
keys, by nuts, and washers, and occasionally by
riveting ; keys are more generally employed than
any other device, being the surest way of prevent-
ing the wheel from turning, working off, or becom
ing loose, when the respective key-ways are well
made and the key properly fitted. We have been
requested by various correspondents, at different
times, to inform them where they could procure a
work on key-ways, one which treated of the rela-
tive proportions for different sizes of wheels and
shafts, and other general particulars which the
experience of the author might suggest. We do
not know of any, nor do we think such a work
would be likely to meet with a ready sale; besides
which, it would not be at all easy to lay down
rules, or laws, for definite instructions in a case
where so much depends upon practical knowledge.
The principle of a key is that of a wedge, and it
secures the wheel mainly by that force; how far
the taper of the key should extend, and what
material should be used for it, are matters which
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must depead wholly upon knowledge acquired by
observation. In nearly all cases steel is preferable
for small keys; but in some situations soft iron is
better than the former, for the reason that it affili-
ates, or hugs, the shaft closer than a harder and
finer-grained metal would. The sea-going steamers
out of this port have large keys in their paddle
shaft centres, by which they are held in place.
It was at one time the practice to cast the eye, or
hole of the centre, octagonal in shape; each plane
of the octagon being truly filed to a bearing; the
shafts also had corresponding planes, and when
the keys were driven they were placed alternately
with reference to the head and point; one key
being driven from the right, the next one from
the opposite side. In this way the centre was
keyed up truly all round; the keys were large
slabs of wrought-iron, from 14 to 20 inches long,
by 4 inches wide, and 1 inch thick; the taper or
“draught” allowed on these was not more than
1-16th of an inch; in some cases not so much.
This plan of securing paddle-wheel centres has
now been measurably done away with, as it was
costly and not at all reliable, so many keys being
used that one took the strain off the other, and
some invariably worked loose. The method now
adopted is to use one, or at most two, large and
heavy keys. The centre is cored out in the
foundery, so that only half of the circumference
of the shaft hole has to be bored; this half is ac-
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and the keys are fitted to ways cut in the cored-
out part of the centre; when they are driven,
therefore, the bored part fits the shaft, and is
forced into the closest contact with it. This plan
is now generally pursued on all large steamers.
The hold of a key depends so much upon its fit
and taper that, as we have remarked, individual
experience must be the guide to success; but it is
not amiss to assert that very little taper is neces-
sary, and that beyond a certain amount the tend-
ency of it is to split the wheel and cause it to
work off. The wheel should fit nicely and then
there will be still less strain required to retain it
in place. In all cases gib-heads to the keys are a
convenient means of drawing them out when such
a course is necessary. We believe that car wheels
are now pressed on, in the very best practice, and
this will be found a good plan in most cases for
other work. Besides being cheap, it is safe, al-
though there is always a bursting strain on the
hub which tends to weaken its endurance. Seats
too deep and others too shallow in the shaft and
wheel are to be avoided; the latter soon works
off the corners where wheels are not well fitted, and
the former makes unnecessary work and looks
badly. In all cases the key must be proportioned
to the work or duty the machinery is to sustain,
and this proportion must be learned by observa-
tion, and an exercise of the laws of common sense.
11
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CHAPTER XIX.
TAPS AND THEIR CONSTRUCTION—TAPPING HOLES,

A @oop set of taps and dies is one of the most
valuable properties in a machine shop, but the
various forms adopted for them show that, some-
times, very little attention is given to the nature
of the work required. The strain brought upon
a screw thread is tremendous; in some places the
lives of thousands of persons depend upon the
tidelity with which the machinist has done his
work; in any event, economy and good work-
manship alike call for thoroughness. A discussion
of the pitches proper for certain sizes of bolts is
not necessary, as that ‘question is pretty well
settled now to the satisfaction of intelligent men;
and if some unanimous action was held by those
persons most interested on the question of adopt-
ing a standard, there would doubtless be very
little further complaint made about uneven threads
and fractional pitches. The office of a tap is to
cut out certain parts of the iron and leave the
others in relief; in plain terms, to form a thread
by actually cutting; this is impossible with some
taps, for by the angles of the edges cutting is im-
possible; bruising would be a more correct term
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Some roughly-made taps are cut with a chaser
and to complete the clumsy job are planed square
on the sides. Such a tap is good for nothing but
to raise a thread in soft metal, such as Babitt-
metal, lead, and copper. It is not fit to use on
steel or iron, because it does not cut its way, but
squeezes the iron up into ridges. A thread of
this kind has no strength, because the iron is
crushed by the tap, and the fibres comprising it
are twisted and torn by the passage of the tool.
Taps are also made by cutting many grooves all
around the circumference, which ]eag one way,
like the teeth of a circular saw, only a little more
rounded on the back. This is a good form for a
tap that cuts in one direction only, or for a finish-
ing or “plug” tap to run down, after a stouter one
has formed the thread. The chief trouble with it
is, that if the grooves are many in number, the
edges of the thread or teeth break off and ruin the
tool; this is certain to occur if the tap is turned
backward ; the threads will be shelled off like corn
from a cob. Another form for a tap is to cut four
grooves at equal distances up and down the body;
these grooves are to be made with a round-nosed
tool, and as the cut would be straight as the tool
was fed down, the sides of the grooves must be
run under, slightly, so that the teeth will be
hooked, or hawk-billed to some extent; this form
permits the tap to be used either way, backward
or forward, without danger of breaking off the
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teeth or threads. Working a tap back and forth
is an indispensable feature in tapping large holes,
where the strength of the workman and the qual-
ity of the work render it improper to force the
tap straight through. Of course, when the tap is
large, the number of grooves must be increased, and
for very small ones even less than four may answer.

All things considered we prefer this form of
construction over any other. The object in mak-
ing a tap is to obtain a tool that will do the work
well, and be durable; these ends are attained in
the plan mentioned. We have seen a number of
“fancy” taps at various times, which would have
answered for surgical operations, so keenly did
they cut. Of this variety, one made like a half-
round rimmer, or cut clear down to the centre,
performed very well, except that it had this defect
—1it made the thread larger at the top than below,
for it was impossible to steady it when first entered.

We have also remarked the mischievous prac-
tice of using chasers on taps; such a tool is not
needed, and is obviously a damage instead of a
benefit t6 the work in hand. Every tap should
be finished in the lathe by the same tool that cut
it, as it can be, by good workmen. No man can
carry a chaser over a tap as steadily as a slide
rest can move, and a little divergence of the chaser
to one side or the other makes the thread uneven
and irregular, or, as machinists call it, a “drunken
threud” Tempering taps and dies has a very
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great effect upon the durability and execution of
them; no matter how well the machinist performs
his part, if the hardening is defective the time has
been wasted. This subject will be discussed at
some future period.

TAPPING HOLES.

It is a fact, no less remarkable than true, that
too little attention is given, in some machine
shops, to the importance of tapping holes correctly
and properly. Not only are the holes drilled too
large, but the tap is allowed to take its own course,
and if the bolt which is to follow in the threaded
hole works as it should, it will be more on account
of good luck than proper management. It was
only the other day that we saw a workman upon
an iron-clad, tugging away at a one-handed wrench
and endeavoring to turn a tap that was beyond
his strength. The tool was working badly and
he was doing much more harm than benefit to the
job, and we could not but reflect how much it
might cost to repair a piece of recklessness which
should never have occurred.

The consequences of abusing taps might be en-
larged upon at great length, but we forbear, and con-
tent ourselves with simply remonstrating against
threading holes out of all truth when they should
be perfectly square—against drilling three-sided
holes for a tap bolt—against drilling holes so

ks
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small that the tap must be driven in with a ham-
mer before it will “take”—against tapping holes
in castings as they come from the foundery, full of
scale (this we have repeatedly seen done)—and
against the whole array of misuses to which these
costly appurtenances of a machine shop are sub-
jected. It takes time to make a tap, and as a
great deal depends upon having them in good
condition, more attention should be given to the
proper use of them.

And while we,are finding fault let us say a
word about files.

ABUSE OF FILES.

There are by far too many files wasted and mis-
used in ordinary work, and the abuse is one that
should be checked at once. To judge from the
treatment some persons bestow on these costly
tools, they are as common as pins and about as
valuable. A new file is used for fitting a Babbitt
metal box to a shaft, or a file for brass work is
used alike on iron and brass; and then another
must be procured when the workman desires to
finish brass again. And so the interchange goes
on, until the consequence is that the workman -
guilty of such carelessness has no file of any kind,
fit for any purpose, in his drawer. Hard steel
makes no difference to a file-abuser either. Ap-
parently there are some individuals who think
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that because a diamond will cut another diamond
so a file must bite another file; they pursue this
theory and rasp away on the scale of cast-iron, or
over the black places in forgings, with an utter
disregard of their employers’ time and money
A fifteen-inch flat bastard file costs from a dollar
to a dollar and a half, but we have seen one of
these tools placed kors du combat in five minutes
by the blundering stupidity, not to say criminality,
of the person using it. If the individual had been
obliged to buy it himself, it is hardly to be sup
posed that he would have treated it in such a
manner. It contributes in nowise to the reputa-
tion of any workman to be careless of tools that
he uses but is not obliged to purchase, and it
would be much better for all parties if a little
more consideration were given to this matter.

o -

CHAPTER XX.

DEFECTIVE IRON CASTINGS — “BURNING” IRON’
CASTINGS—HOW TO SHRINK COLLARS ON A
SHAFT.

IT is not uncommon to see large iron castings
constructed with little or no attention to the
expansion and contraction of the several parts
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Kxamples of the practice in question may be
found in stationary engine frames. Cumbrous
pillow blocks are cast upon them and immediately
beneath is a large opening surrounded by sundry
“filagree arms, scrolls, and similar articles,” which,
in the pride of his heart, the designer intended for
ornaments. Still other instances of defective cast-
ings may be found. In turbine wheels, the step-
frame, or that part which carries the weight of the
wheel and shaft, frequently has large and heavy
parts contiguous to light and thin ones. Large
band wheels or pulleys are also examples, for from
the solid hub and heavy rim spring light arms
very much less in size and weight than the part
to which they ave attached. Car wheels of some
patterns are open to the same charge, and many
designs have been originated with a view to cor-
rect the fault. That it is not a trivial matter is
shown by the results comsequent upon malcon-
struction. Where the drivers of locomotives have
cranks cast on them, the two arms which run to
the eye of the crank are sure to break in a short
time, and an outside connected locomotive can
hardly be found that has not these two arms
broken at the points designated. Even if the
force of the steam were not exerted at that partic-
ular point, the jar and tremor when running would
tend to disrupt the arms from the crank.

Iron bridges are sometimes made, whereof the
girders and other parts under strain are cast with
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such a manifest inattention to the simple and well
known law herein before alluded to, that the struc-
ture has given way and the public have condemned
a system for the fault or ignorance of an individual.
Many castings for different purposes, some to be
employed in transporting passengers, some for
purposes of commerce, are weak and fragile from
the moment they are dragged out of the sand, be-
cause no regard has been given to a proper dis-
tribution of the strain of expansion and contraction.
If these castings be struck with a hammer, the
light parts will give out a clear high note, show-
ing the tension to be great.

It is not only the breaking strain which is a
consequence of bad proportion, but the difference
in the quality of the iron composing the whole.
Thongh the cupola may have been charged with
metal of one kind the casting will not be alike
when thick and thin parts are contiguous. Large
masses of iron cool more slowly than small ones,
the crystals are therefore coarser, and the metal
less tenacious than small quantities of it, and it is
therefore ill calculated to withstand torsion, com-
pression, or tension, and many accidents that are
apparently mysterious could no doubt be traced
directly to defective distribution of the shrinkage.
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“BURNING” IRON CASTINGS.

The process known as “ burning” iron castings
together has long been practiced by mechanics.
It often occurs that the too rapid cooling of one
part of a casting causes an unequal shrinking of
the mass, so that a tremendous strain is brought
upon the weak parts. Corners of square surface-
condensers, the inside angles of pillow blocks, cast
in screw engine frames, the ‘gothic” arrange-
ments sometimes perpetrated on the frames of
land and marine engines, are liable to the con-
tingency specified.

The loss of an entire casting from the cause
mentioned, many hundred dollars in value, may
be and has been prevented by “burning.” The
process consists merely in pouring melted iron
on the fractured parts, placed in a mold or other-
wise, as desired. When they attain the same heat
as the liquid metal, fusion occurs at the points at-
tacked, and the metal continues increasing in size
until the operation is discontinued. Of course, a
shapeless excrescence is formed outside, but this
is readily trimmed off. Although not as sound as
the body metal, it is still very strong.

We have seen hangers for shafting and spur-
gear bearings mended in this way, and they after-
ward broke in an entirely new place, where the
sound iron was.
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HOW TO SHRINK COLLARS ON A SHAFT.

In forging heavy shafts for marine engines or
other work, the collars, where journals come, give
a great deal of trouble. A very neat way of put-
ting them on by shrinking is shown in the accom-
panying engravings, in which fig. 74 is a front

elevation, and fig. 75 a profile in section. The
shaft is left slightly large where the journals
ocecur, and bosses turned for the collars to set on.
On these the seats for the collars are turned.
The collars are welded up separately, and bored
and turned complete in the lathe, a recess being
left for the rib on the shaft. This rib need not
be more than three sixteenths of an inch high in
shafts twenty inches-in diameter, being limited in
size by the amount the collar will expand when
heated. The lateral shrinkage left on the collar
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should not be more than the one hundredth of an
inch; a snug fit will answer, since the collar never
can shift even if it becomes loose.

After the several parts of the shaft are finished
the collars are heated and shipped over the end
of it, but care must be taken to ascertain first,
whether the collar has been expanded sufficiently,
otherwise it will stick when half on. Tt must not
be heated so hot as to raise scale, for that would
destroy the fit of the several parts. F¥or heavy
shafts this will be found an expeditious method

COAPTER XXIL

ARE SCRAPED SURFACES INDISPENSABLE !—OIL
CUPS—DRILLING AND TURNING GLASS.

Ix stating this question as broadly as we have
done, we disclaim at the outset any intention of
dispensing utterly with scraped surfaces, or of
erasing Trom the vocabulary of mechanical techni-
calities this detail of the workshop. The doubt
has arisen in our mind whether much of the time
and elaboration expended on scraping iron sur-
faces might not, without injury to the work itself,
be omitted. The value of a positively correct face
on a valve scat or on the V-shaped ribs of a slide
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lathe or planer, is undoubtedly great when it is
well done, but when poorly executed the utility
of it is, to say the least, questionable, We make
the unqualified assertion that not one man in
twenty is competent to finish a truly scraped sur-
face. Scraping iron down to a perfect face is an
art by itself, and comparatively little attention, so
to speak, has been given to the subject in this
country. The common method in use is to take
an old file of any kind (except round or square),
flatten its end out like a chisel, grind it up square
on the stone, and then “grub” away on the iron
wherever the workman sees fit. The chances are
that previous experience has not fitted the opera-
tive for this branch of: his business, and he mis-
takes a shade on the iron for a bearing and makes
a depression still deeper by misapprehending the
“gituation.” Of course the fallacy of attempting
to make a true face in this way is manifest to
every one familiar with the subject. It would
have been far better to have saved the time wasted
in such attempts and trust to good planing and
attendance in future to rectify inaccuracies.

The better way to make a scraper is to form it
like a Venetian stiletto, or, more familiarly, after
the model of the section of a beech nut; that is, to
have the blade triangular in section, and approach-
ing concavity. With such an instrument, properly
tempered, ground, and sharpened, the finest work
can be produced. A flat-faced scraper is an abom-
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ination, and only fit to dig holes or to rough out
the work for the triangular scraper; it is apt to
make “chatters” in the surfuce; and when these
occur we may bid a long farewell to any fine work
without filing them out—a very pretty task to
undertake after something like accuracy has been
attained. Most scraped surfaces are nothing but
a combination of scratches, shining blotches, and
untruth; and while they are a waste of time to
execute, they add nothing to the mechanical value
of the work. We may fairly question whether
valve-seats up to 180 square inches of area, say
15 inches by 12 inches, are benefited by scraping.
In some locomotive shops in this country it is the
practice to plane the valve-seat so that the tool-
marks on it run in one direction, and place the
valve so that similar marks in it cross the seat at
right angles, and to set the valves running in this
way without further adjustment. The results ob-
served are that in a few days the valve has made
a seat for itself that is far more durable than if it
had been badly scraped. We do not go so far as
some persons and assert that a scraped valve-seat
is a positive injury, insomuch that the pores of
the iron are filled with an impalpable dust that
works out to the detriment of the engine in future.
This theory is very finely drawn, although it may
be partly sustained by facts. A finely-finished
mirror-like surface on a valve-seat or lathe shears
is indubitably of great value, and we must, in
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common justice, \mdxt.@ﬁahsh workmen
for great skill in this particular; in general they
far excel our own workmen. ©

There is no reason whatever to interfere with
the exccution of a finely elaborated scraped sur-
face in our own shops; but our observation con-
vinces us that time spent in doing such work as
we have scen, might be better employed in some
other way.

OIL CUPS.

A most objectionable and wasteful practice of
using oil cans, instead of oil cups, for lubricating
machines, prevails extensively. It is objectionable
because uncleanly, for one reason, and extravagant
‘because too much oil is put on at once. A journal
will carry only a certain quantity of oil, and all
that is poured in after the surfaces are well covered,
runs off at the nearest aperture. "When oil cups
are applied, and properly used, the bearing takes
up all the oil admitted, and uses it economically ;
that which is now lost might be saved. By an
oil cup we do not mean a simple brass funnel to
guide the nose of the can to the proper place, but
a cup with a wick and a tube, or the equivalent
of this device, for feeding the oil at regular and
proper times. The wick and tube is the one
generally used, and it can be made to feed fast or
slow according to the amount of oil needed. -
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The filthy drip pans placed under the hangers
of shafting are entirely unnecessary, and should
be dispensed with by using cups. Many a suit of
clothes has been spoiled, and not a little profanity
caused by the upsetting of these drip pans, and
the descent of their contents on workmen when
belts run off. Where oil cups are not used, fully
one half the oil poured on the bearing runs out
again; and, as a matter of economy, every manu-
facturer, of whatever class, should see that his
engines, his lathes; shafting, and similar wachines
and fixtures are furnished with oil cups that feed
the lubricator to the journals, as fast or as slow as
it is required.

DRILLING AND TURNING GLASS.

Glass may be readily drilled by using a steel
drill, hardened but not drawn at all, wet with
spirits of turpentine. Run the drill fast and feed
light. Grind the drill with a long point, and
plenty of clearance, and no difficulty will be ex-
perienced. The operation will be more speedy if
the turpentine be saturated with camphor gum.
With a hard tool thus lubricated glass can be
drilled with small holes, say up to three sixteenths,
about as rapidly as cast steel. A breast or row
drill may be used, care being taken to hold the
stock steady, so as not to break the drill. To file
glass, take a 12 inch mill file, single cut, and wet
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it with the above mentioned solution, turpentine
saturated with camphor, and the work can be
shaped as easily, and almost as fast as if the
material were brass.

To turn glass in a lathe, put a file in the tool
stock and wet with turpentine and camphor as
before. To square up glass tubes, put them on a
hard wood mandrel, made by driving an iron rod
with centres through a block of cherry, chestnut,
or soft maple, and use the flat of a single cut file
in the tool post, wet as before. Run slow. Large
holes may be rapidly cut by a tube-shaped steel
tool, cut like a file on the angular surface, or with
fine teeth after the manner of a rose-bit—great
care being necessary, of course, to back up the
glass fairly with lead plates or otherwise to pre-
vent breakage from unequal pressure. This tool
does not require an extremely fast motion. Lubri-
cate as before. Neat jobs of boring and fitting in
glass may be made by these simple means. The
whole secret lies in good high steel, worked low,
tempered high, and wet with turpentine standing
on gum camphor.

12%
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CHAPTER XXIL
MANIPULATION OF METALS.

THERE are many occasions where a knowledge
of some simple alloy or a peculiar solder would
save hundreds, yes, thousands of dollars, just as a
life may be saved by merely tying a pocket hand-
kerchief tightly above a bleeding artery. It is
only a few years ago that the valve-stem on the
engine that runs the Herald presses broke in the
dead of night, when but half the edition was run
off. This was a dilemma, indeed, for a valve-stem
is not made in half an hour, neither can it be
bought at a hardware store like a pound of nails.
The engine was injured in a vital part, and unless
it was mended the entire edition would be stopped
and incalculable loss sustained. Fortunately for
the proprietors there was one of the employees
present who understood the manipulation of
metals, and he informed the bystanders that if
they would collect their spare silver he would
restore the broken part to a condition of<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>