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The collet or draw-
in chuck is an extremely
accurate type of chuck
used to hold parts, on
finished surfaces, for ad-
ditional machining opera-
tions.

The collet is a split
cylinder with a male taper
on the projecting end. The
male taper is pulled into a
female taper, thusiclosing
the collet. The eollet has a
hole of standard size or
slightly larger. To clamp

A Draw-In Attachment on a Lathe or grip a piece of work, in-
sert it in the collet and
draw the collet back into

the closer bush by means of the handwheel on the end of the spindle.
The illustration shows a draw-in chuck on a lathe.

. Many variations of chucking work are possible. Theillustrations
will give some idea of the universal nature of ehucking possibilities.

5 Work may also be bolted to the carriage or the carriage slide
while the hole is machined with a fly cutter mounted in a boring
bar held between centers and driven by a lathe dog. This method
is used largely where the piece to be bored is too large to swing in
the lathe, or is too bulky or awkward to handle properly, see page 74.

Face plate boring is used in many cases where
flat work is to be bored. Small jigs may be bored
while mounted on the face plate and the holes
located by means of the eenter punch marks for
rough work, or by using toolmakers’ buttons if
the work must be performed accurately.
Toolmakers’ buttons are merely small
hollow cylinders, generally .300”, .400”
or .500" in diamefer by %" long,
ground round and straight on the
outside diameter and having
the ends square with the out-
side gurface.

A small hole is tapped in
the jig or part to be machined
in the approximate location of
the hole to be bored fo receive
Centering a Button the screw that holds the but-
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ton. The hole through the cylindrical button is larger than the
diameter of the screw allowing for movement of the button to
locate it accurately. The outside diameter of the button is accur-
ately located over the hole to be bored, by the use of straight edges
and mikes, and then the button is positioned over the axis of the
lathe, after which the hole is bored. The accuracy of the positions
of the holes is thus limited only by the accuracy of the button
positions and the accuracy with which the buttons are centered on
the lathe preparatory to boring. See illustration on opposite page.

Work on Face Plate

Many jobs are of such a nature that due to physical dimensions
they are most conveniently mounted on the face plate. They may
be fastened to the face plate by tee bolts, clamp dogs, or planer
type stops, as best suited to the job.

The small face plate (page 41) is used mainly to provide a
drive to a lathe dog clamped on work. However, a stud may be
bolted to the face plate to engage a projection on the work which
then acts as its own dog,

The large plate is usually used in a different manner.

Tundamentally, it is used to provide a plane surface at right
angles to the axis of spindle, on which the work is mounted for
turning, boring, drilling, efec. : .

By means of a 90° angle
plate, as illustrated, many ad-
ditional jobs may be mounted for
lathe work. ’

For the purpose of fastening
work to the face plate, radial
slots are provided to engage bolts
used to clamp the work.

An outline of a few typical
face plate jobs illustrates both
the types of job and manner of
fastening.

1. A motor base would be
clamped to face plate, with the
under side of base against face
plate, to enable the surfacing of
upper side of base by a facing
cut in lathe, as illustrated.

2. A bracket, with axis of the
hole perpendicular to face of
bearing surface, eould be bored
very easily by means of face plate
mounting.
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3. Trepanning may be easily
agcomplished by bolting material
to face plate, as illustrated.

4. Trepanning is the term
used to denote cutting out a
washer or some such similar piece
from a flat, relatively thin piece of
stoek which could not be bored
and held on a mandrel as could a
regular turning jocb such as a
bushing.

5. A part, such as a round
pipe, with a large hole with
flanged lids, is readily faced on both ends by face plate mounting.

Other jobs will be easily handled if mounted on the face plate
for drive and location.

. Boring jobs where several holes must be bored of specific
dimensions, can be well handled with this mounting.

Face plates, asillustrated, may
be specially prepared for certain
classes of work. For instance, the
face plate may be cast solid, that is
without slots, and may be pro-
vided with a large number of
tapped bolt holes arranged in
circles so as to provide bolting
surface for many kinds of odd-
shaped pieces. Also a solid face
plate may be provided with a
groove similar to a keyway to
facilitate mounting angle plates
similarly provided with slots by
means of a key and appropriate
clamping.

An odd jobs plate such as described above is recommended for
every lathe installation. Such a plate should be kept ready with
various size clamps and clamping bolts to facilitate mounting of
odd-sized pieces.

A small milling machine vise may be clamped to the plate
and used to hold odd-sized parts for flat facing, etc. This method
is extremely useful in facing small odd-shaped pieces if a chuck is
not available.
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Facing Work Held in Chuck
or on Face Plate

Work that is large in diameter in proportion to length, or
has no hole for mandrel mounting, is usually held in the three or
four-jawed chuck for facing off end.

Other pieces of odd shapes are sometimes held most advan-
tageously on a face plate and machined in this position.

Work should be chucked with as little overhang as possible to
provide a rigid mounting and eliminate chatter.

If a cored or machined hole is present, it is advisable to start
cut at inside and feed to outer edge when facing, as this direction
of feed gives much better results than feeding from outside edge in.
Various reasons are assigned for this result, but it is essential only
to know that this method works and is so justified.

In facing as above, a left-hand turning bit should be used in a
right-hand or straight tool holder, as facing in this manner requires
a tool similar to a tool used in turning toward headstock. The
finish cuts are best taken with the right-hand side facing tool
sharpened for the material being cut.

If no center hole is in work, cuts must be started at outer edge
and worked to center. In this case a straight or left-hand holder
should be used with a right-hand turning bit.

For finishing, use right-hand finishing tool as before, except
that tool should be fed into work at center so as to leave no point
at exact center of work. The tool is then fed outward as before.

For roughing cuts, tool should be set a bit above center, as in
turning large diameters. In finishing, tool should be exactly on
center.

Steady Rest

The steady rest should be placed where it will give the greatest
support to the piece to be turned, which is generally about the
middle of the piece. However, the best position is obviously
determined by the design of the piece.

If the part to be supported has a diameter of short width to
be turned, this can be finished with a fine feed and slow speed and
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used as the supporting
position in the steady rest.

If the construction
does not determine the
position of the steady rest,
turn a “‘spot” about the
middle of the piece or
pieces to be turned. Place
the part between centers,
as illustrated, with the
steady rest in position at
the turned “spot”, close
and clamp the upper part
of the steady rest, and bring the jaws to bear lightly on the finished
“gpot’’ with a running clearance. The clearance is set by means
of the adjusting screws. To prevent scoring, oil the jaws each
time a piece is clamped in the steady rest. To remove the piece,
loosen the clamp bolt and swing the upper part of the steady rest
back. Thus the pieces can be changed without changing the
adjustment of the jaws.

The best way to align a steady rest to hold the unsupported
end of a piece, as illustrated on page 47, is to place a bar of the same
diameter, as the piece to be machined, between centers and adjust
the jaws to it. Then remove the bar and place the piece in position.
This method insures the proper centering of the steady rest.

Follow Rest

The follow rest differs
from the steady rest in
that it moves with the
carriage and provides sup-
port against the forces
of the cut only. The tool
should be get to the diameter selected and a “spot’’ turned about 54"
to 34” wide. Then the follow rest jaws should be adjusted to the
ﬁnishgd diameter to follow the tool along the entire length to be
turned.

The follow rest jaws should be kept oiled while in use to prevent
scoring or pieking up.

The follow rest is indispensable when chasing threads on long
screws, as it allows the cutting of a serew with a uniform pitch
diameter. Without the follow rest the screw would be inaccurate,
due tgl ;ne springing away from the tool, perhaps impossible {o cut
it at all.

THE R. K. Le BLOND MACHINE TOOL CO. 63

HOW TO GRIND LATHE TOOLS

The successful operation of a lathe and the eclass of work
turned out depend to a great extent on the skill of the operator
in grinding his tools. Dull and improperly ground tools throw
8 heavy strain on the feed mechanism, cause the work {o spring
and the lathe to chatter.

Lathe tools are made of carbon steel, high-speed steel and
alloys such as stellite and cemented carbide. The stellite and
cemented carbide tools are becoming more generally used as their
cost is reduced. There are but a few carbon steel tools used, the
general practice is to use high-speed steel tool bits in holders.
Determine the kind of a tool you are grinding, as carbon and high-
speed steel requires different treatment. Tools should be marked
to show the kind of material from which they are made. A quick
and simple way to tell whether a tool is carbon or high-speed steel
is to grind the end and watch the sparks. If carbon steel, the
wheel will throw a light colored spark and if high-speed steel, the
sparks will be a dark red.

Carbon steel tools should be ground on a grindstone or wet
emery wheel or dipped into water often to keep the tool ecool
while grinding to prevent the drawing of the temper. On the
other hand, high-speed steel tools should not be dipped into water
when hot as it will erack the tool and crumble the cutting edge.

Four angles are important A

in grinding tools and these vary
with the material being machined.
The top rake (see illustration I‘\C J . D
127) (and page 38) ‘“A”, the side
rake ““B’’, the front clearange “C”’

and the side clearance “D”.

The top rake is usually pro-
vided for in the tool holder by the tool being
set on an angle (128), which is correct for the
machining of steel and cast-iron. On solid
steel toolsit is necessary to grind the toprake
in the tool. By adjusting the tool in the tool
post through wedge or rocker, this top rake
can be varied somewhat to suit the material
being turned. The softer the material the less
the top rake should be as there is a tendency
for the tool to dig in if the rake is too great.

For turning brass, there should be no
top rake (129) and the cutting edge of the 129
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tool should be about horizontal. For turning
soft copper, babbitt, and some die casting
alloys, a negative rake (130) is often used.

: ’ The side rake “B” (127) also varies
130 with the material being machined. If
== this angle is made great enough, the tool
will drag the carriage along by feeding
into the work of its own accord, especially
if the material is soft. On the other hand,
without side rake, the tool would not cut
and the feed mechanism would be under
excessive strain. The proper angle is
from 6 degrees for soft material to 15
137 degrees for steel. :

The tool is ground with the side

Ih clearance “D” (127) to take care of the

= + feed advance and to prevent the dragging
: of the tool on the shoulder formed by the

i cut (131). This angle is usually about 6
degrees from the vertical and is constant.

The front clearance “C” (127) de-
pends somewhat on the diameter work to be turned. To turn
cast-iron or steel it is advisable to set the tool above center.
If the tool was ground square without any front clearance, it would
not cut, but would rub on the material to be turned below the
cutting edge of the tool (132). The front clearance is necessary
for this reason. This clearance should be less for small diameters
than for large diameters. The clearance should range from 8 to 15
degrees. Do not grind more front clearance than is necessary
as this takes away the support from the cutting edge of the tool.

Tool bits can be ground best in their own holders. To pre-
vent grinding the holder, extend the tool beyond its regular cutting
position.

After a tool has been ground on the emery wheel, it will
produce better work and last longer if the cutting edge is stoned
with an oil stone. This takes out the wheel marks and gives a
smooth cutting edge. Care must be taken in grinding cut-off

: tools to see that both sides

of the tool have the necessary
side clearance (133). A tool
of this kind also cuts better

if a lip is ground back of
the cutting edge to curl the
chip as it comes off the
piece (134). 134

CLEARANCE

13

o

|
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In grinding boring tools, see that the front
clearance is sufficient to prevent the tool from
rubbing in the hole and dragging at the point
“A” (135).

CENTERING WORK

Lathe work may be divided inte two prinecipal

135

classes, namely, work machined between centers and work machined
in chucks. Bar or shaft work is done between the centers, the
piece to be turned having been previously centered.

There are many ways of centering & piece of
material. In large production shops this work is
done in a centering machine. In small shops the
lathe operator usually centers his own work. The
first thing to do is to find the eenter on each end of the
pieces. This can be done by using hermaphrodite
calipers. Set the caliper to about one-half the
diameter of the piece, chalk the end of the piece so
the scribe marks can be seen, and scribe four ares,
one from each quarter of the circumference (136).
The center of the piece lies between the four arcs.
Mark the center thus located with a center punch.

136 Perform the same operation on the other end of the
piece and it is ready to have the centers drilled.

The center of a piece can also be located by the use of a center
head on a combination square. Draw two lines at about right
angles to each other. Where they bisect
will be the center of the piece (137).

To center irregularly shaped pieces
such as a drop forged brake lever, lay |
the piece in a V-block (138) on a plane
surface and use a surface gauge for
scribing the lines on each end. First set
the gauge to 137
the approximate )
height of the center and scribe a line.
Turning the piece, scribe three more lines,
each at about 90 degrees. The center of
the piece is in the center of the square
formed by the scribed lines.

After the center has been found on
each end of the piece and it has been center-
punched, the actual drilling of the center
can be done under a drill press or in the
:':Zé lathe itself.
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& s Center Drills (139) are usually used for
centering. The drill is held in a drill chuck (as
139 shown in Fig. 125 or 126, Page 29), having a shank

=z that fits the taper hole in the spindle. The
tailstock is set on the bed the proper distance
from the headstock to permit holding the piece in the center
punch marks between the center and the centering drill (140).
To keep the piece from rotating, hold it with the left hand, and
advance the tailstock spindle
with the tailstock screw handle
(page 26). The piece is fed
into the drill and the one end
center drilled. The piece is
then reversed and the other
end is drilled. This method 140
is used for centering rough —
bar stock where the entire
length is to be turned.

To center finish ground
stock such as drill rod or cold-
rolled steel, where the ends are
to be turned and must be
concentric with the unturned
body, other methods must be
used.

If the piece is small enough

in diameter to pass through the

177 spindle, it can be held in a

- universal chuck on the spindle

nose (141), or a draw-in collet (Page 58). Hold the center drill

in a drill chuck in the tailstock spindle and center drill one end;
reverse the piece, and proceed as before.

If a piece must be centered very
accurately, the tapered center should
be rebored after center drilling, to cor-
rect any run-out of the center drill.
This is done by grinding a tool bit to a
center gauge at a60-degreeangle. Then
with the tool holder held in the tool
post, set the compound rest at 30 de-
grees with line of centers (142).

Set the tool exactly on the center
for height and adjust to the proper
angle with a center gauge. By feeding
the tool in on this angle, any run-out of
the center is corrected (143).
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< The tool bit should be relieved under the cutting
edge to prevent the tool dragging or rubbing in the
0 nole (144).

144 To center long pieces that will not pass through
— the spindle, a steady rest is used to support the out-
side end of the piece as near the end as possible (145).

The drill and chuck are held in the tailstock spindle and the drill
fed to depth by advancing the tailstock spindile. To correct any
run-out of the center use the same methods as described before.

Itisabsolutely
essential that the
centers in the piece
to be machined
conform to the cen-
ters in the lathe so
that the sides of the © [
center in the piece
have uniform bear
ing on the lathe
center. Lathe cen-
tersareground on a
60-degree included
angle and can be
tested with a cen- 149
ter gauge (146). ‘

To do good work the lathe centers must fit the drilled centers
If the center bearing is not uniform, the work will not be round
but it is likely to be tapered due to the rapid wear of the center
hole. Another result of improperly drilled centers is chatter marks
due to the piece being loose between the centers. Avoid conditions
such as are shown in Figures 147, 148 and 149. This is especially

=

146 147 148 149

true of the tailstock end or dead center. To test for the kind of bear-
ing the lathe center is taking in the work, rub a little red lead on the
iathe center and spin the piece on the centers by hand. The bearing
surface will be bright. If the bearing is incomplete, correct it as
directed above.
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Testing Lathe Centers

The center in the lathe should run true. To test this an
indicator is necessary. The indicators are usually of the dial type
and read in thousandths of an inch. When testing the headstock
center try the indicator first on the
point of the center to see that the
spindle has no end movement (150).
If the indicator is tried on the angle
of the center when the headstock
spindle has end play, the reading
on the indicator dial will be inac-
curate and misleading. However,

150

if there is no end play in the spindle and the indicator shows run-
out on the headstock center, then the three possible points of error
should be checked and correction made.

The first and mos$ probable source of trouble is the presence
of dirt or chips in the taper hole between the spindle and the
center bushing, or between the center bushing and the center
itself. To correct this trouble, remove the center and the center
bush, clean the taper holes in the spindle and the center bush
and the outside of both the center bush and the center. Replace
the bush and the center and again test with the indicator.

The second source of trouble may be the presence of a burr
or seratch on the surface of the spindle tapered hole or on the
surface of the center bush. Since the center bush is hardened
(about file hard), it is very seldom that trouble from this source
occurs. It happens at times, however, that there is a burr in the
spindle hole, caused by a drill chuck shank turning under cut or
some similar oecurrence. Should this be the case, carefully remove
the burr with a scraper, being careful to remove only the high
spot, or use a Morse taper reamer of appropriate size as outlined
on Page 26.

Le Blond Regal Lathes are tested before shipping, and the
taper holes in both headstock and tailstock spindle have been
reamed clean and true. Operators should make every effort to
retain the original accuracy of the lathe, being careful to preserve
smooth clean taper holes in the head and tailstock spindles, as
the accuracy of the lathe is largely dependent on the bearing of
the eenters in the tapered center holes.

The third eause of center run-out is inaccuracy of the center
point itself. Since both hard and soft centers may be used in the
headstock spindle, two methods of correction are outlined on
next page.
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Tor soft centers it is only necessary to set the compound rest
at 30 degrees with the axis of the lathe and take a skim cut over
the point with a lathe tool sharpened to cut smoothly.

When repointing a hard center, it is necessary to grind it,
as the center is harder than the turning tools.

The procedure for grinding is as follows:

As before, the first step is to set the compound rest over to
30 degrees with the axis of the lathe. Next, mount a tool post
grinder or our grinding attachment in the tool post slide. Third,
cover the exposed ways of the lathe with cloth or paper to prevent
the grinding grit reaching the bearing surfaces of the bed and cross
slides. Fourth, put the headstock in gear to give appreximately
200 R. P. M. to the spindle, and take a light cut over the center
point, feeding the wheel
across the point by means
of the compound rest feed
handile. Continue fo
feed the wheel back and
forth until it is cutting
evenly all around and on
the entire length of the
center point, and then
check the angle with a
standard center gauge.
, Reset the compound rest
Grinding Center if necessary and continue
grinding until the center
fits the center gauge accurately. The accuracy of the fit can be
observed by placing an electric light bulb beneath the center and
looking for light between the center point surface and the edge of
the center point gauge.

The operator should be able to make the center run true by
checking the three trouble-giving points outlined on page 08.
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OPERATIONS
Facing to Length

One of the operations done most f
. requently on a lathe i i
the ends of pieces to length. The procedure 1}; as foléllowes:s facing

1. Mea : .
taken off. sure piece to determine how much stock is to be

2. Be sure cent . .
no burr on edge. nter holes are free of dirt, chips, etc., and have

Put red o i . .
tailstonk oo r white lead or other center lubricant in center on

3. Tighten driving do
g on work and place work i
a?gﬁisf&%khcen(’;er and then run dead center ilx)lto plac(:ar. flglcli“;:o;)li
and and adjust tailstock center with right hand until

work ean be turned easi
tailstock spindle. easily on centers but has no end play. Clamp

Another metheod is to

1€r put work between cent i

gintir .illntl.} tlgbt and back off until just free. S?ag sl,atrl;gl uga‘?oig

stogckalll Zvll llgli:'k as face plate and work revolve. Tigh;een tail-
nul clicking just stops and clamp tailstock spindle. After

a few trials the operat i : .
tailstook oartor k}))yrfé eof will learn to judge the proper setting of the

4. If stock to be

turned off is slight, =
say g5 to 5", the )™= /—“'1 -
right-hand side finish- {—— NS =— |

ing tool may be used.
If the stock is abous
e to 14" or more,
however, the end
should first beroughed
off with the right-
hand corner tool as far
as possible toward center. Then the finish tool should be used to

remove burr around

center and a skim face

cut takenfor asmooth
finish.

. The corner tool
is as above stated
used for roughing off
to length and outs
from outside toward
center of work.
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The finishing tool, however, is only used for skim cuts and cuts
from the center hole out to the outside diameter.

Tor roughing cut, set edge of corner tool exactly on center of
work and run the cross slide in until tool just misses the 0D of work;
measure work with scale and set tool edge to cut length so as to
leave a skim cut for finishing. If excess length cannot be removed
in one cut, split the excess amount into about equal parts and rough

down to length.

5. Remove corner tool bit and put right side facing tool in
holder. Clamp bit, set holder so tool edge is exactly on center line
of work and tool edge is at slight angle with end of work, the point
of tool doing the cutting.

(The selector bush should be set in proper position for cross
feed and the head reverse to feed gears set for “out’” cross feed
before taking the finish cut.)

6. TFeed tool into ridge around center hole until ridge is cut
off flush with end of work. Use both hand longitudinal and eross
feeds for this operation.

7. Set point of tool toward headstock, right next to center,

clamp carriage and start tool out by hand feed. After about 34
turn of cross feed handwheel, throw 1n feed clutch and take rest of

cut out to edge of work power.

8. The surface of the cut above taken should be very smooth
and without tool marks.

If tool marks are evident, the following points should be
checked:

The feed should not be too great, from 3 to 8 thousandths of an
inch is the usual range.

The tool edge should not be at too great an angle to the line of
the surface being faced.

, There should be no burr on the tool point such as would be
caused by running point of tool into tailstock center when remov-
ing ridge around center hole.

To insure & smooth finish cut, sharpen tool with a small hand
stone just before the finish skim cut.

Steel finishing side tools are ground with a 10° o 12° side
clearance, about 10° to 15° side rake, no top rake, and about 8°
front clearance. .

Cast iron, brass, etc., the same clearance except no side rake
is used on tool.
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9. When facing tolengthitis possible tou i
center. It is, however,‘much hangier and quisglfgeggghua{gzt: l(lzzgﬁaﬁ
with a groove or flat milled or ground on the taper portion so as to
provide clearance for the tool edge. This clearance space allows
the use of standard shaped tools when facing to length instead of

sharp pointed ones necessary to get i
o D botnted ones v to get into space between end of work

The necessary flat may
be ground by hand on a
bench grinder. When grind-
ing flat, be sure to grind
less than half way through
point as otherwise the
center would become in
effect a center reamer and
would cut the center larger

and allow the work to loosen between centers and wobble

Chatter marks on finish cut are caused by one of the following:
1. Speed of work is too high—remedy, slow work down.
2. Feed is too high-—remedy, slow feed down.

3. Tool edge is set too nearl i
) S arallel
being cut—remedy, increase angle o.}’ txc);ol sliegh:‘g:.h edge of work

DRILLING, BORING AND REAMING

Holes made be drilled with the la ivi
) | the by dr ill i
sggcﬁezgisz((ﬁk splgdle,‘holdﬁlg the work agaisrflstlgvglagd f)}f tﬁzﬂéailln
I e and using the tailstock spindle ti .
g{pal} pieces may be held on the face platep or in ;n cohlll(glli xfx?lffil feg}(li .
rill is held and fed by the tailstock spindle. SHe e

Holes and counterbores are easil i i
ount vy machined in a lathe.
’,}dvantage of boring is that a perfectly round true hole iitol()atailrgtlie
wo or more holes of the same or different diameters may be

bored at on i i i i
bored holes.e setting, thus insuring absolute alignment of the axis

Work to be bored may be held in a ch
] uck, bolted ¢
plate, or bolted to the carriage slide. The tailstocli en(iitgt? if(?rf;

pieces may be su i i i
et 6}2’. pported in a steady rest as shown in the illustration

Single point boring is the i

. process of rotating the work"ej
ina chuckoor on a face plate while a tool is fedginto a 3§illegher
cored hole in the work, ec or
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Special boring bars of single and multiple tool types may also
be used, provided the amount of work justifies the extra expense
of the special tools.

However, for the most part, single point boring is used on a
single piece or small lot jobs.

Boring tools may be either of the solid forged type or of the
inserted cutting bit type as shown on pages 35 and 38. The use of
either depends upon the operator’s choice or preference with
reference to the respective costs.

It is advisable, wherever possible, to bore the hole within a
few thousandths of the finished size and then to finish ream the hole
to exact size.

The three above operations, while distinct items of individual
operations, are often performed in sequence on a single piece of
work at the same work setting, that they will be considered together.

We will assume piece to be drilled, etc., has been properly
mounted on face plate or in chuck to proceed with drilling. (See
articles on chucking and face plate mounting, page 51.)

Spot center with center drill to provide true point of entry
for small drill.

Drill through piece with 1§"—14" drill to clear flat tip of larger
drill used to remove bulk of metal and to permit entry of boring
tool if used.

i é R
¢ . ;:-,-o. ((‘
VAR

If hole is to be just a rough job both as to size and straightness,
use large drill &" or 45" smaller than finish size, and run through
piece. Drill is held in taper hole in tailstock spindle if taper shank
drill is used, or in drill chuck mounted in tailstock spindle if straight

shank drill is used.
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A reamer can be held either on the taper shank in the tai

bore, in a drill chuck mounted in the taiﬁtock spindle iﬁaﬁ?}??ﬁ
hnetWItI;hthe taﬂstqcli centfer of the lathe. When held (,)n tailstock
center, the reamer is kept from turning wit i

dog while it is fed into the & with & wrench or clamping
work by means of the tail-
stock screw. This latter
method of holding a reamer
is shown in the illustration.

Hold center hole in
reamer against tailstock
center and guide the cut-
ting of reamer end into hole,
as right hand turns tail-
stock handwheel to bring
reamer up to work. Run
lathe spindle at about 40
R. P. M. Reamer should
be prevented from rotating

by clamping wrench on reamer and allowing handl

carrlage wing or bar held in tool post. Start lithe amc(;{3 fgzdstggm%?
in by tailstock handwheel (as Hlustrated). On cast iron or brass no
lubrlcaplon 1s necessary. On steel and wrought iron, it is advisable
to lubricate with lard oil or some similar lubricant.

Above method produces a reamed hole but hole rﬂa
! ] X t b
exactly straight or parallel with axis of lathe, due to fact tgaﬁcl)arg:

drill previously used may have run slight] ff th igh
The reamer in this case follows the croo%{edyh(())le. © straight path.

To produce absolutely straight and
true holes, drill used to rough Ol%t stock
should leave hole about & to $* small.

Use boring bar mounted in tool post
(as illustrated), and bore hole until
{__ about eight to ten thousandths stock
are left.

To act as true guide for reamer, bore hole at outer end
) -—Q
end reamer enters for 14"—to about three thousandths small. !
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Proceed with rough and finish reamers if both are available.

If roughing reamer is not available, leave only 3 to 5 thou-
sandths stock for finish reaming after boring.

Variations in the procedure outlined above are numerous, and
will suggest themselves to the operator, but the general procedure
is the same in all cases.

Points to be remembered when performing the above opera-
tion include the following:

Straighter holes are made with a drill held from rotating and
fed into the revolving work, than with a revolving drill in a sta-
tionary piece . . . A small pilot hole to clear the flat tip of a larger
drill to follow allows the drilling of the larger hole quicker and with
less power . . . To insure a straight hole, singlepoint bore the hole
after drilling and before reaming . . . Boring tools generally used are
the single point type for rotating work, and bar type for fixed work
where bar rotates between centers and work is fed past the cutter
bit . . . Steel requires lubricant, it is advantageous on brass or
cast iron, but not necessary. Boring tool tips should have
clearance and rake similar to turning tools used on the respective
materials . . . When boring to finished size, if no reamer is avail-
able, take last cut with feed entirely through piece, then reverse
feed without changing boring tool setting and feed tool out again.
The slight natural spring of the tool and the crossed feed line will
agsist in producing & smooth finished hole. In this connection it
should be pointed out that the rounder nose the tool has the
smoother the job if chatter does not occur. In case of chatter,
slow work up. If this does not eliminate the trouble, try a more
pointed nose on tool. Also try changing center height of tool.

Boring is very accurate with work mounted on a face plate and
offers possibilities in boring a number of holes at accurate center
dimensions by use of buttons (see page 58), disks or some similar
method of location.

DRILLING, BORING AND REAMING
Work Held on Cross Slide or Carriage

In this particular type of drilling and boring, the work remains
stationary and the cutting tool rotates.

The feed of work relative to tool is obtained by moving the
carriage on which the work is mounted.

The tool may be held either in a boring bar mounted only in
the spindle, as illustrated, or if hole extends entirely through work
it may be held in a boring bar placed between centers of lathe and
driven by lathe dog.
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Boring two
holes on the same
axis may be done
very accurately
by this method. If
the work is mount-
ed on the com-
poundrest, two sets
of holes may be
bored with axis
parallel and to very
close limits. By
mounting the drill
in the spindle and
feeding the work
onto the drill clear-
ance holes can be
opened to allow the boring bar to pass through, to finish bore the
hole. If the holes are cored in the casting, the boring bar may clear
the cored hole and the rough and finish bore operations may be
proceeded with directly. Otherwise open up cored hole with drill
or single point boring tool, then bore as before.

_Boring is a simple and accurate method of machining a true
straight hole, for both single hole jobs, which must be produced
quickly and economically without jigs, and very accurate work
where hole must be bored true with relation to other holes or
surfaces. After boring hole to within a few thousandths of finished
size, a reamer is generally passed through holes to produce the
exact size required.

The actual boring procedure is simple but is influenced con-
siderably by the skill of the operator. .

TAPPING

Taps may be held on the tailstock center in the same manner as
the reamer shown on page 74, to secure a tapped thread in line with
the drilled hole.

A die holder may also be fitted to the tailstock spindle or to
the compound rest to facilitate cutting threads on a turned pin or
bolt held in a chuck. On work of this class a hand feed or floating
connection is preferred so that the tap or die may travel along the
cut thread at its own rate of travel without influence by the feed of
the tallsto.ck spindle which may not be fed correctly by hand. The
proper unit to use for this work is a turret mounted on the bed of
the lathe. However, this unit is special and unless there is a large
quantity of work of the type mentioned, the cost will be excessive
for the benefit derived.
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Self-opening dies and self-closing taps are available which auto-
matically release the cutting edges from the threads at the end of
the cut. These units, also, are useful only when the lots of pieces
to be machined are large.

Straight Turning on Centers

Be sure lathe centers are in alignment and that live center runs
true.

Put dog on work, clean all dirt, chips or burrs from center holes
and adjust between centers, putting center lubricant in tailstock
center hole.

Use tool bit properly ground to shape for the operation and
material being worked. Tighten bit in holder so that bit does not
project more than 114 times the thickness of bit nor less than the
thickness of bit.

Set tool holder square with axis of work so that any movement
of tool will lessen the depth of cut and not dig into the work, as

E \ = F—;::ﬂ—
(————
N =<
\ N
N\
\

illustrated. Tool holder should be as close to tool post as possible
for rigidity and still allow tool bit clamp screw to be turned by its
wrench. Be sure the compound rest is as far back on bottom slide
as is necessary to avoid overhang of the top slide. See page 39.

"Adjust tool bit cutting edge by rocking tool holder on tilting
wedge until cutting edge is at proper height, then clamp tight.

A tool properly ground should have the point set on the center
line of the work. Some operators make a practice of setting the
tool above the center line, about ¢ of an inch for each 17 clearance
in diameter. This, however, necessitates changing the clearance and
rake angles of the tool and for this reason we do not recommend it
for the student or beginner.

Move carriage left and right to be sure tool will traverse the
length of eut without obstruction when lathe is running.
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Be sure tool edge is free of work, then shift gears to give proper
speed of work (see article under “Cutting Speeds’”, pages 97 and
107) and start lathe. : :

Start cut at tailstock end, whenever possible, as the thrust of
the cut is then taken by the thrust bearing in the headstock instead
of by the small center hole in the work.

If only one roughing cut is necessary, adjust tool* to cut piece
one sixty-fourth inch over finished size of piece.

Many times it is not possible to remove all the excess stock in
one roughing cut. In this ease take as many roughing cuts as are
necessary to bring work down to finish turning size. Endeavor to
split up roughing cuts into equal depths of cuts and take each cut
at the maximum capacity of the tool and the machine.

When tool is set to proper depth of cut, throw in feed and cut to
required dimension, or, if work is to be turned entire length, to a
little over half the length.

Have gibs on cross-slide tight enough so a positive top raked
tool will not draw cross-slide in deeper when cutting steel.

Throw out feed, stop lathe, and remove work from centers.

Return carriage to starting position and reverse work between
centers, or put in another piece for same operation.

After all roughing work is completed, put round nose finishing
tool in tool holder, set lathe for correct finishing speed (see Cutting
Speed article, page 97) and set feed for finish cut.

Set tool for a light cut to true up all around; turn about 14"
and mike diameter of part thus turned. Loosen crossfeed dial
screw, set dial at “0” and retighten. Set tool in one-Half amount
work is oversize and again turn 14”. Stop lathe but do not dis-
engage feed. Mike diameter and if correct start lathe again and
confinue across length of cut. If incorrect, disengage feed and
repeat setting until diameter is correct, then proceed as above.

Turn only far enough from end to properly measure diameter,
beth to save time and avoid spoilage of entire piece.

When stopping lathe to try end, if feed is disengaged, a slight
bollow will be made in the finish cut, due to the tool dwelling in
this one position for several revolutions.

Note*—When adjusting tool to depth of cut, always move
tool towards work so as to remove any backlash present between
crossfeed serew and nut. :
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Finish Allowance

On work to be finish ground, make the finish turned diameter
15 thousandths over actual finish ground diameter.

. On work to be file finished and polished, leave 2 to 3 thou-
sandths of an inch over finish size to provide stock to file and remove
slight tool marks and give polish finish.

When finish turning several pieces to same diameter, do not
change crossfeed setting after once correctly set. Turn diameter
required length, stop feed, stop lathe, back off tail center, remove
work, return carriage to starting position, Insert new piece and
turn as before. This insures duplication of size.

The finish turned surface of steel is usually considerably
smoother if cutting oil or soapy water is dropped slowly over the
work and tool point on this cut. The liquid may be dropped from
an oil can, saturated sponge or waste squeezed in the hand, or by a
regular drip spout connected to a can of solution and mounted on
the carriage so as to follow the tool.

When clamping any driving device to a finished surface, be
sure to protect the surface by placing a copper or brass sheet under
the clamping screw.

Alignment of Centers

When turning straight work, try alignment of tailstock center
with headstock center to be sure work will not be tapered.

When zero marks are in line on tailstock, top and bottom,
centers are approximately in line, but due to the impossibility of
seeing an error of .001” misalignment, it is probable that the work
will be tapered if a no more sensitive test is applied to the center
alignment.

A test bar as shown in illustration is easy to make and use and
gives positive results. v
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The tool is set to just miss one end and then the carriage is
run to the other end to see if tool registers the same as the end first
tried. If adjustment is as close as can be made by eye, a trial cut
of about 2 thousandths depth is taken on one end and then a
similar cut is taken on the other end. The two cuts are checked with
micrometers and any error corrected by moving the tailstock one-
half the error. If work is small at tailstock end, move tailstock
away from tool edge. If tailstock end is large, move tailstock
toward tool edge.

With this test the work can be held to any desirable limit of
straightness.

Another method is to have perfectly straight test piece and
try carriage alignment with this piece held between centers. A
dial type indicator mounted on the compound rest will show up
any error in alignment. DBefore testing with a straight piece, check
live center in head to see that it runs true.

When shifting tailstock to line up centers: Unscrew hand-
wheel, thus removing center from work; loosen hold-down clamp
serews; loosen adjusting screw on side opposite to motion of upper
tailstock slide; tighten adjusting screw on side towards motion of
upper tailstock slide; reclamp tailstock hold-down clamp bolts;
readjust tailstock center in work and make trial for alignment.

Taper Turning and Boring

There are two methods of taper turning, one, by means of a
taper attachment, the other by means of the “set-over tailstock”
method.

Both these mnethods will be described:
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Setover Tailstock Method

The oldest and probably most used method of taper turning,
shown in the illustration, is the setover tailstock method. The
tailstock is made in two :
pieces, the lower fitted to
the bed, while the upper
part is fitted to & cross
keyway machined on the
lower section. To turn
straight diameters, the tail-
stock spindle is set exactly
in line with the headstock
center, indicated by the
zero mark on the graduated
boss on the rear of the
tailstock. To turn taper
diameters the upper half
of the tailstock is set over
the amount necessary to
produce the taper required.

To do this—

Loosen spindle clamp, .
unserew handwheel, loosen tailstock clamp, adjust set-over screws
to move tailstock stop in proper direction, reclamp tailstock clamps,
readjust center, reclamp spindle ciamp and take another cut and
try taper.

When turning a number of tapered pieces by the above method,
it is essential that all. pieces be the same length within about 5
thousandths of an inch and should be centered to the same depth.
When using the taper attachment, however, the length of the quk
has no more effect on the taper cut if the taper attachment remains
set at the same taper.

.Tapers are usually given as the included angle in degrees
or as a certain taper per foot. For instance, a taper of one-half
inch per foot means that a bar one foot long, having such a taper,
would be one-half inch smaller in diameter at the small end than
at the large end. However, to turn such a taper, it is onlg{ necessary
to offset the tailstock one-half the taper specified. In this case, for
a piece one foot long, one-half inch taper per foot, set the tailstock
over one-guarter of an inch.

If the piece were only six inches long, the tailstock top offset
necessary to secure one-half inch taper per foot would be one-eighth
of an inch.
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From the foregoing examples it will be seen that the setover
necessary would be: .

S = getover in inches.
T L . .
8= 5 X575 where T = taper per foot in inches.
L = length of piece in inches. -

Taper Attachment Method of Taper Turning

The most economical way to produce a number of pieces of
duplicate taper, especially where the length of pieces varies, is by
the use of the taper attachment. It has been shown by the formula
for the amount of tailstock setover, that the setover varies as the
length of work, even when turning a taper of the same degree. It
can be seen therefore, thatataper attachment is almost indispensable
for taper work. The advantage of a taper attachment will readily
be seen when it is necessary to turn a male and female taper to fit
each other as it will not be necessary to change the taper attach-
ment setup to machine the tapers. It is only necessary to turn the
male taper, then change from the turning to the boring tool in the
tool post, and put on the chuck or other accessory to hold the part
in which the female taper is to be reproduced. The point is that the
sensitive part of the setup, the setting of the taper attachment,
is not disturbed.

A. Clamp regular rough turning tool bit in tool holder and
set cutting edge exactly on center of work. This is important,
since if the tool was above or below center, the angle of the cut would
not be the same as the setting of the taper attachment.

B. Mount work between centers in lathe as in straight
turning,. ;

C. Move carriage so taper attachment shoe is in center of
guide bar, etc., as illustrated and desecribed on page 42.

D. Any depth adjustment of tool is made by means of com-
pound rest top slide screw.

E. Run carriage toward tailstock until tool is about 14" t0.1"
past end of work. Next, run carriage back in direction of cut by
hand until tool is just clearmg end of work. Set tool for sufficient

depth of cut to cut taper about X4 of finished taper length. Try in-

taper gauge. Turn down until taper centers about ¥4 of length
into taper gauge.

F. Take light skim cut over surface just turned, about 005"
depth to give smooth surface to test taper.
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G. Test taper just turned in taper test sleeve or standard
female taper gauge. Try to rock taper piece in taper gauge. If taper
is too steep, the piece will be tight at the big end of gauge hole and
will rock in the back. If the taper is too slight the work will be
tight at the back of the hole and will rock at the big end of hole.

H. Loosen clamp No. 158 (page 42), and adjust taper attach-
ment to correct error in taper of work. Tighten clamp No. 158
and proceed to make another cut of just sufficient depth to turn
surface for trial. Take a second skim cut to be sure surface tested
is cut by taper attachment without spring.

Test as above until nearly correct and then put chalk lines
on work lengthwise in four positions equally spaced. Twist gauge
on work and see whether chalk marks are rubbed off evenly over
entire length. If marks are rubbed off more on small end of taper,
set taper attachment for more taper, and vice versa.

I. After work is proved to be of correct taper, rough work down
until tapered piece goes into gauge all but 34",

J. Put in finishing tool and take cut 8 thousandths deep to
leave taper stick out from gauge 34" after cut. This 34" is left to
provide grinding stock.

If turning and polishing to size take 8 thousandths deep cut
a8 before, use fine feed and check taper by using Prussian Blue
instead of chalk in rub test as described in “H". If taper is correct,
take cut of about 6 thousandths for finishing cut and try gauge.
Gauge should fit about %" to 14" away from final position before
turning is completed. The last %" or 4" is left for filing and
polishing which should be done slowly and carefully to insure a
good fit in the gauge.

While filing and polishing try work in gauge and use rub test
with Prussian Blue to insure proper taper and fit.

A cut of 8 thousandths will allow the gauge to go approximately
34" farther on the work on either Jarno or Morse taper and approxi-
mately £%" on a Brown & Sharpe taper.

The ’turmng cut must be as straight and smooth as possible
since the less filing and polishing necessary the more accurate the
taper job will be.

Taper turning and boring may also be done by setting the com-
pound rest at the desired angle and using the compound rest slide
screw for the feed motion. This class of taper work is usually
of the short steep taper type, as the compound rest may be set at
any angle but has a relatively short travel.
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Points To Observe When Taper Turning
With Taper Attachment

Have gibs in taper attachment adjusted to eliminate unneces-
sary play in taper attachment slides.

Always run carriage past end of work when returning tool and
then come back in direction of cut by hand so as to remove any
back lagh in slide and connecting mechanism.

Have tool cutting edge exactly on center of work.

Be sure to remove screw S before trying to use taper attach-
ment as otherwise taper attachment and crossfeed screw would be
bucking each other and something would break.

With Tailstock Setover Method

Have tool edge set exactly on center of work.
Have ends of work faced off square with centers.

Do not adjust centers too tight as center point in tailstock
burns easily in this set-up.

Setting Lathe To Duplicate Taper Piece,
With Taper Attachment

1. Clean centers of sample and mount in regular manner
between centers.

2. If dial or pointer indicator is available, mount it in tool
post so that actuating contact is on line with centers of the lathe.

3. Move carriage so indicator is at about the center of the
trial taper and set taper attachment to bring shoe in center of slide;
tighten bed clamp and remove crossfeed nut screw (S), (page 42).

4. Adjust taper slide to approximately the estimated or
measured angle of sample, clamp the slide and the shoe and try
indicator on taper surface by moving carriage about aninchorso. . .
when error is in range of full scale reading on indicator, move carriage
until indicator is at one end . . . set indicator at zero and run to the
other end of taper, noting error.

5. Loosen clamp and taper slide and move taper slide until
indicator moves back one-half previously noted error. Repeat test
over full length and again correct taper attachment until error is
small enough to be within limits of accuracy desired.

6. Mount tool in tool post and proceed to rough and finish
work to same dimensions as sample.
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With Tailstock Setover Method

1. Measure large and small diameters of taper and measure
length of taper between points measured along axis of work.
Do not measure length along taper surface as this length is longer
than the axial length.

Taper per foot = difference in diameter at large and small
end in inches x 12, divided by length of taper in inches.

2. The next step is to prepare the work on which taper is te
be turned. Center both ends and face ends square and to correst
length. Messure length accurately for use in following formula to
obtain setover.

Setover in inches— 14 of required taper per ft. x length in inches.
B 12

3. 'To mesasure the getover of the tailstock two methods may
be used.

Set indicator in tool post and while tailstock is still in line
with headstock, bring contact point of indicator up to barrel of
tailstock spindle which should be extended about 2" for convenience.

With indicator set at zero in this position, set index dial on
cross feed screw also at zero, and then move cross slide away from
tailstock spindle amount of offset as above computed.

Loosen tailstock clamp bolts and move tailstock top slide
toward indicator by means of setover screws until indicator again
reads zero. Reclamp tailstock and proceed with turning work to
game measurements as sample.

If no indicator is available, mount a tool holder in the tool post,
wrong end to, and bring the blunt end up to the tailstock spindle
with a piece of tissue paper between them. Make light contact
until tissue paper can be pulled between tool holder and tailstock
spindle with slight but perceptible tension.

Move cross slide away from tailstock spindle more than
amount of setover as before, then return to correct setting and
bring tailstock spindle up to tool holder by means of setover
serews until tissue paper has same feel as in lagt setting.

When setting cross slide to zero, be sure cross slide is going
toward center of lathe so pressure of contact between tailstock
spindle and tool holder backs up against cross feed screw without
slack.
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When moving cross slide out for setting, move more than
necessary and then return towards centerline for proper setting so
as to again keep pressure of test solidly against cross feed screw.

When tailstock is properly offset, proceed as in regular taper
turning, machining down to dimensions of sample.

"Tools should be ground and set approximately the same for bor-
ing as for turning, as described in the section devoted to tools and
tool setting, pages 63 and 64.

Boring Taper Holes

The procedure used in boring taper holes follows closely the
methods of straight hole boring.

If a taper attachment is used, the only variation is in actually
connecting the taper attachment to the cross slide and setting the
attachment for the proper taper. In setting the taper attachment,
the same precautions should be taken as outlined in section devoted
to external taper turning.

The tool point should bé set exactly on center, because if this
setting is not made the taper hole produced will be incorrect.

In many instances it will give a smoother finish if the work is
run backwards and the tool point inverted. The reaction to the cut
is thus downward and a smoother finish results.

If a lathe with a taper attachment is not available, the taper
may be secured by swiveling the compound rest around to the
proper angle and feeding the tool by hand with the compound rest
top slide screw adjustment.

With this method of taper boring it is, of course, impossible
to use the automatic feed to tool. However, by feeding slowly and
uniformly by hand a creditable finish will be secured.

Tapers of any angle may be bored with the use of the compound
rest and as long as the length of cut is less than the length of travel
of compound rest slide there will be no difficulty. On surfaces
larger than can be made in one cut, two cuts may be made if care
is used in matehing them up.
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Taper parts like conical valve seats, dies with clearances, etc.,
are readily machined by means of this arrangement.

In respects other than noted in_ the foregoing, the regular
boring procedure given in another section should be followed.

Boring with a Bar Between Centers

The boring described in other sections has been devoted to the
types where tkiore tool was mounted in a bar either held in the tool
post or on the spindle of the lathe as illustrated on page 76.

A third variation is possible. The work may be mounted on
the carriage or cross slide and the hole bored out by a tool bit
mounted in a bering bar held between centers of the lathe. This
method is very useful when boring long holes or where the piece
is mounted easier by bolting down flat than by holding in a rotary
chuck.

The tool bit may be held in any practicable manner, such as
clamping by set screws, by screw nuts or by taper clamping plugs.
Bars of this kind are easily made and present no difficulty, since all
that is necessary is to take a bar as large as can be passed through
rough hole with 14" clearance—long enough to suit width of work
plus travel of work for cut. Center this bar on both ends and place
between centers with work in positipn at start of cut. Mark loca-
tion for cutting bit, remove bar, drill for bit and clamp screw and
bar is ready for use. Drive boring bar with lathe dog.

Shoulder and Radius Forming

The corners in turned work are at various times finished square,
necked, either square or round, or with a small radius. Also with
square or radius tool at an angle of 45° to allow clearance for
grinding both diameter and face.

The square corner is the simplest type and is used where the
piece is not subject to excess stress at the corner section. The
necked corner is used as above, also where grinding allowance is left
in turning. The under-
cut neck prevents
undue wear on the .
corner of the grinding
wheel. This design
is weaker than the
square corner due to
the underecut.
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From the design standpoint, the rounded
fillet corner is the best due to its strength. It is
more costly in production, however, and so is
used only in certain classes of work {(where
vibration is present) to prevent crystallization
of steel at sharp corners.

For square corner work, the tool is sharpened

as shown and the corner roughed out to within about a1 Or less
before the final finishing cut is taken
on the straight diameter. The tool
i8 t}{en adjusted, as explained under
straight turning, to secure the proper
finished diameter of work, power feed
engaged and cut taken to within
about g of shoulder. At this point
disengage power feed and read cross
] dial—feed corner tool into shoulder
the approximate amount by hand—Ilock carriage clamp—and feed
tool out by hand cross feed handle. Check length of shoulder
and if too long, run tool in to micrometer dial reading noted above.
Loosen carriage clqmp, advance tool to side into shoulder for next
cut—-reclangp carriage and feed outward with hand cross feed.
Repeat until dimension length of shoulder is obtained. The tool
used in the above is a side and front cutting corner tool.

A quick method of squaring the corner is to rough to within &
as before. _Finish turn to rough shoulder with round nose turning
tool. Put in front turning corner tool as illustrated. Run in until
just barely skimming finish turned diameter. Note cross feed dial
reading. Back.a.way from work and move carriage so point of tool
18 1n proper position to cut shoulder the right length. Lock carriage
in this position and feed tool in with slow hand feed until cross feed
dial reading is again reached. Releage carriage clamp ‘and feed

carriage to right by hand until eut of corner tool and turned
surface merge.

The side cutting corner tool fed outward
¥ C ) produces the smooth-
est finish, but is not as fast in removing stock and finishing length
to size as the fropt cutting corner tool, which leaves a finish good
enough for most jobs. ' '

. When roughing and finishing a
diameter which ends against a round
fillet corner, it is advisable to sharpen the
tool bit to approximately the radius of
the fillet on the cutting edge. The fina]
operation of forming the fillet is then
easily accomplished by uging a tool
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with radius ground to a fillet gauge corresponding to the fillet to
be produced.

With a tool set at a 45 deg. angle, the undercut allows clear-
ance for the wheel in grinding the diameter and the face of the
larger diameter.

The fillet forming tool is mounted in the tool post and the tool
fed in until o very light skim is taken off the turned diameter.
The tool is then fed by hand longitudinal feed till cutting a slight
amount off face of shoulder. The tool is next fed by hand after
clamping the carriage and the length of shoulder checked. If
shoulder is large, repeat above facing operation until shoulder is
reduced fo correct length.

When forming a fillet in steel, it is advisable to lubricate the
work with lard oil for a very smooth finish. Proper height of tool
edge varies from exactly on center of work to as much as 14" sbove
center on large work, depending on job and material. This height
is best found by trial as no set rule governs every case.

When special forms or beads are required in turned work it is
usually advisable, not 1o say necessary, to grind a tool to the proper
shape and form the work by advancing tool straight in to work.

In such straight forming the tool edge is set exactly on center
so as to produce the correct contour of the finish formed surface.
The tool should be ground and stoned to a smooth finish as any
marks in the tool will be reproduced in the work.

A form tool for brass or cast iron should have a flat top, while
one for steel should have a slight lip around the contour of the
cutting edge to enable cutting and not tearing the material.

Form tools should be kept 28 narrow as possible, since a wide
form tool is much more prone to chatter than a narrow one.

Filing in the Lathe

No matter how much care is used in turning, it is usually
impossible to secure a finish smooth and polished enough to be used
directly in service.

It is unquestionably better to grind the finished surface when-
ever possible but many times a grinding machine is not available.

Under such circumstances work is usually filed to size and
polished. :
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Procedure

1. Clean centers and see that there are no burrs around
center holes.

2. Put center lubricant in tailstock center.

- 3. Put dog on work, protecting surface under clamp screw
with small piece of copper or brass. ' :

4. Place work on headstock center and run up tail center
with right hand until tight. Loosen tail center slightly and start
lathe, adjusting center to be just loose enough to allow dog to click
in face plate but not loose enough to rattle or for work to have
end shake.

5. Shift gears in headstock to give about twice finish turning
speed on surface to be filed.

6. Select twelve-inch mill file and be sure handle is properly
driven on tang. If file is clean, it is ready for use on brass, cast
iron, ete., but for use on steel it should be rubbed with chalk until
evenly covered. (The chalk prevents the steel filings clogging
the teeth.) v

This is Important

7. Besure your shirt sleeve is rolled up above elbow or jumper
is buttoned tightly around wrist so that no loose edges fly around
to get caught in dog or work.

8. Start lathe and file work with slow even strokes, ldpping
the strokes from side to side.

When filing, use & long slow forward stroke and press firmly
and evenly on the revolving piece being filed. ,

Relieve pressure on return stroke.

9. Stop lathe and try diameter with micrometers frequently
until whole surface is filed as straight and smooth as possible, and
leave about 5 to 8 ten-thousandths (.0005 to .0008) of an inch for
polishing.:

Use file card to keep file teeth clean.

Note—A file card is a short bristled wire brush which is brushed
along the valleys of teeth to remove clogging material. A small
metal pick is usually found in the handle. This pick is used to
remove chips of metal which are stuck in teeth. :
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10. Polishing work.
After filing is completed the finished surface should be polished.

On work that is well balanced, set change levers to give highest
speed. On unbalanced work run at highest possible speed without
cauging undue vibration.

On straight shafts, etc., 1”7 or under in diameter, work should
be polished in speed lathe if possible.

Use strip of emery or carborundum paper of fine grade and
press against work, moving abrasive cloth from side to side to
cross lines and bring work to a rough polish and to avoid cutting
rings in work.

Use very fine abrasive cloth or a wornout piece of fine grade
and use oil on work to bring to final polish. Use crocus paper for
very fine finish polishing.

If a piece of wood can be pivoted on the tool rest and used to.
press abrasive cloth on work a quicker and higher-lustred job is
secured due to the higher pressure possible.

When polishing, check size and straightness frequently with
mike to be sure dimensions are correct on finished piece.

The best polishing requirements are:
High speed of work;
Fine grade abrasive cloth;
Use of oil on abrasive cloth (preferably lard oil);

Greatest possible pressure on work (a polishing lever is
recommended).

Note—Polishing and filing heat the work. When measuring
diameter with micrometer, either cool work by immersing in water
or make allowance of one or two ten-thousandths for cooling of
work.

1t is recommended that less experienced operators cool work
to room temperature before measuring.
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Chasing Threads

An important function of an engine lathe is to chase threads.
To cut a thread requires first, that the work rotate; and, secondly,
that the tool advance along the axis of the work at a predetermined
constant rate to cut the fhread desired.

Threads are commonly designated in the English system by
giving the number of complete revolutions of the thread per inch
length of the screw. If, for instance, the ‘chasing tool travels one
inch along the screw while it rotates twice, there will be two revo-
lutions of thread in one inch, commonly called 2 threads per inch.

The lead-serew unit on a lathe is rotated by means of a gear
train connection between the lead-serew and the spindle. A nut
mounted in the apron engages the lead-screw to move the carriage.
If, for instance, the lead-screw is 6 threads per inch, then for each
revolution of the lead-screw the carriage is moved 14" along the
bed. If the spindle and the lead-screw are geared so that the
spindle rotates once while the lead-screw rotates once, the carriage
will move 14" per revolution of the spindle, and the thread cut will
be 6 threads per inch. If the lead-screw rotates twice as fast as the
spindle, the carriage will move 2/6” or 14" per revolution of the
spindle, and three threads per inch will be cut. If, on the other
hand, the lead-screw rotates one-half as fast as the spindle, the
carriage will move %" per revolution of the spindle; thus twelve
threads per inch will be cut.

It is thus seen that threads of any desirable piteh can be cut,
if an appropriate connection between the spindle and the lead-
screw is provided.

On standard change gear lathes, a quadrant and loose change
gears are provided to cut various threads, and a chart placed on the
gear cover indicates the proper gears and positions to set them to
cut each thread within the range of the gears.

On the quick feed change lathes, the change gears are mounted
in a gear box, with a gear train between the spindle and gear box,
providing the various ratios needed to cut different threads. The
changes are made merely by shifting levers on the box and the
headstock. An index plate on the quick change box is plainly
marked so that changes are quickly and accurately made.

Several different thread forms are used in practice and all
may be cut in a lathe. Forms commonly used include sharp
vee, U. 8. 8., Whitworth, Acme and 29-degree worm thread, illus-
trated on next page.
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The setting of the change gears, in the quick change box, is the
same, regardless of the form of thread to be cut. The only change
is in the actual tool form used to cut the thread.

Tools used to cut threads are flat on top with no top rake.
A slight lip may be ground in the side edges when cutting steel,
but for other materials the top is usually absolutely flat. The front
and side clearances on thread-cutting tools are very important.
The side clearances must also be adjusted for the helix angle of
the thread being cut. On threads 26 and finer, this helix angle is
negligible, but on coarse threads the amount of the helix angle is
quite appreciable and must be taken into consideration when
grinding clearance for the lead on the side of the tool.

To measure the number of threads per inch a thread gauge is
generally used, but it is not absolutely necessary. A t}.xrea.d
gauge is merely a cluster of individual gauges, each one of which is
cut with a thread tooth on a thin section of strip steel; so the teeth
of only one gauge will properly mesh with the threads on the screw
tested. Each gauge is labeled with the pitch of the teeth cut on it.
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Another method is to lay a scale along the tops of the threads
parallel to the axis of the screw with the end of the scale opposite
the top point of a thread. Then, skipping the thread top directly
below the end of the scale, count the number of tops until one falls
directly below an inch mark on the scale. The number of thread
tops thus counted, divided by the number of inches, gives the
number of threads per inch. For example, suppose there were 27
thread tops under two inches of the scale (not counting the one
under the end of the scale). Then 27 -2 = 13}4 threads per inch,

.1 . .
or the thread is 81y or .074 of an inch pitech.

When cutting threads, it is necessary to set the tools at a right
angle to the piece to be turned; that is, the axis of the thread tool
should be exactly 90 degrees from the axis of the work. This is
easily done by use of a thread-setting gauge shown below and on
page 66, No. 142. Edges of the gauge are ground square with
the male and female angles ground on the ends and the various
notches in the sides.

Hold the gauge against the diameter of the work, as illustrated,
and adjust the tool until it fits in the notch accurately, thus insur-
ing the proper setting of the tool square with the work. Next,
set the cutting edge of the tool exactly on the dead center. The
depth of the thread and the thread angle will not be cut correctly
if the tool is set in any other position. When cutting threads
on cast-iron or brass,no cutting lubricant is necessary, but on steel it
should be used. A good
quality of cutting oil should
be applied to the tool,
especially on the finish
cuts; a smoother surface
is thus obtained.

On threads of fine lead,
about 30 and finer, the tool
may be fed straight into
the work in suceessive cuts.
However, on coarser leads
it is better- to set the
compound rest at one-half
the included angle of the
thread, and feed in along
the side of the thread, so
that the tool cuts on one
iide only during roughing. On the last two or three cuts the tool
:#.should be fed straight in to remove all lines caused by feeding along

3the side of the thread.
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Since chasing requires a number of cuts and all must be in
the same line of the cut of the thread, it is necessary either to keep
the half-nut engaged on the leadscrew at all times and return
the carriage by reversing the spindle rotation through the motor
drive, or to use an indicator which meshes with the lead-screw
and shows when the half-nut can be engaged so that the tool
will cut along the same thread. The device used for this purpose
is called a chasing dial or thread indicator, and consists of a worm
wheel meshing with the leadscrew, and connected by a short shaft
to the indicating dial. The dial is calibrated with four numbered
lines and four others midway between them as shown on page 41.
I'or even threads the half-nut may be closed when the index mark
is opposite any line of the dial; for odd threads at any numbered
line and for half threads at any even numbered line.

The advantage of the chasing dial is that the tool may be drawn
back and the half-nut disengaged at the end of the cut, thereby
permitting the quick hand return of the carriage to the starting
point. When ready for the next cut, set the tool to the proper
depth and engage the half-nut when the proper line on the chasing
dial is opposite the index mark and take another cut across
the thread. The threading stop shown below may be used in
several ways to aid the operator when cutting threads. When the
tool is set for the first chasing cut, set the stop and clamp it to the
carriage dovetail. Place the stop screw through the clearance in
clamping piece over dovetail slide and start the screw thread in the
cross slide. Move the cross slide until the underside of the head
of the screw is against the stop clamp and take the cut. At the
end of the cut the tool must be backed off to clear the thread.
This should be done with the cross feed screw. TFor the next cut,
move the cross slide in to its previous position against the stop,
then use the compound
rest screw to move the tool
in to the desired depth of
cut. For the last few cuts,
the stop screw should be
run out (when the com-
pound is set on an angle)
and, reading the cross
feed dial, the tool fed
straight in to clean up
both sides of the thread.
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Another use of the chasing stop is to leave it set for the depth
of the finished thread. Then on the succeeding pieces each suc-
cessive cut can be fed in by the eross feed screw until the chasing
stop prevents further motion. The screw will then be the same
size as the previous screws turned with this setting.

The points just outlined are also true for taper and internal
threading.

We would again point out that the top edge of the tool should
always be set on the lathe center line and the proper side and
front clearance must be allowed to clear the sides of the threads.

The following table conveys some idea of the number of cuts
necessary to chase vee threads in common use:

Thread-Cutting Data

No. of Threads No. of Chasing
per Inch Cuts
8 18
10 14 g
11 13 This table is based on .005” per cut allow-
12 11 ing an extra cut for finish which is the
13 10 actual practice in our shop.
16 9
20 8
Knurling

Many pieces used for handles or control knobs require a rough
but finished appearing surface so that a good grip may be obtained
without impairing the appearance of the part. This effect -is
obtained by raising the surface of the piece in symmetrical

‘ : or cross lines-and it is
called knurling. Knurling
is a form of pressure inden-
tation by a continuous
process. 'The tool em-
ployed, as illustrated, con-
sists of small rolls con-
taining serrations in "the
periphery -which squeeze
. the metal in the work piece
to formn a reproduction
of the knurling rolls. When
using the knurling tool, a
'slow speed is required.
Adjust the tool to mark
the work lightly. After it
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is 'seen that the tool is working properly, increase the pressure on
the rolls by means of the eross feed screw, liberally oil the surface to
be knurled, engage the power feed, allowing the tool to move across
the work until the leading edge of the roll is just flush with the other
end of the work. Reverse the feed, increase the pressure on the rolls
slightly and feed back to the starting position. Repeat this pre-
cedure until the indentation is deep enough to suit the purpose for
which the part is to be used. To produce the desired result a few
trials on & sample piece will show the amount of pressure necessary.

Cutting Speeds o

For efficient operation of a lathe, the proper surface speed of
work being machined must be maintained. If the speed is too
slow, the job takes longer than necessary, and often the work pro-
duced is unsatisfactory. On the other hand, if the speed is too
great, the tool edge will be worn down too rapidly, and frequent
grinding will be necessary, which is also wasteful. For ordinary
production work the speed should be as great as the tool will stand
without requiring sharpening more often than every two to three
hours when cutting continuously.

APPROXIMATE CUTTING SPEEDS

Turning and Boring

Roughing Finighing Chasing

MATERIAL Cutting Speed, Cutting Speed, Cutting Speed,

Feet per Minute | Feet per Minute Feet per Minute
Cagt-Iron. ............. 60 120 50
Mild Machine Steel. . . .. 80 150 60
Alloy Steel*. ........ ... 50 90 ] 40
Bronze......... e e 100 150 70
Brass.............. . ... ] 200 300 80
Aluminum............. 250 400 90

*Data for average alloy steel annealed.

When chasing threads on small diameters the limitation will be
the ability of the operator to handle the lathe, rather than the
cutting limit of the tool. We have found that 200 R. P. M. is
practically the limit at which threads can be chased.

The table shown gives the approximate speeds which can be
maintained with various materials for rough and finish cuts. The
surface speed is found by multiplying the length of the periphery
in feet by the revolutions per minute of the work. Thus the cutting

. \ . 141
speed for a 4" diameter rotating at 60 R. P. M., will be 4x3.121¢ 31 5 6 x 60,
or 62.83’ per minute. The formula for surface speed is diameter

*For Cemented Carbide Tools, see pags 107,
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in inches times ‘7’ (3.1416) times the R. P. M. divided by
twelve inches, giving the answer in feet per minute.

The cutting speeds possible are greatly affected by the use or
absence of a suitable cutting fluid. Thus steel, which can be rough
turned dry at 60’ per minute, can be rough turned at about 80’ or
90’ per minute when flooded with good cutting lubricant.

When roughing parts down to size, use the greatest depth
of cut and feed per revolution that the work, the machine and the
tool will stand at the highest practicable speed. On many pieces
where tool failure is the limiting factor in the size of roughing cut,
it is usually possible to reduce the speed slightly and increase the
feed to a point where the metal removed is much greater with
longer tool life. For example: Where the depth of cut is 14", the
feed 20 thousandths of an inch per revolution and the speed 80
feet per minute. If the tool will not permit additional feed at this
speed, it is usually possible to drop the speed to 60’ per minute
and increase the feed to about 40 thousandths of an inch per revolu-
tion without having tool trouble.

In this case, the speed is reduced 259, but the feed increased
]100%, so that the actual time required to complete the work is
ess.

On the finish turning operation, a very light cut is taken since
most of the stock has been removed on the roughing cut. Due to
requirements of the finish a fine feed can usually be used and still
make it possible to run at a high surface speed. A 509, increase
in speed over the roughing speed is commonly used. In particular
cases the finishing speed may be twice the roughing speed. In
any event, to secure the maximum speed in this operation, the
work should be run as fast as the tool will reasonably stand up with-
out excessive regrinding. A sharp tool should be used when finish
turning. The tool should be rewhetted to a keen edge if the same
tool is used for roughing and finishing.

Chatter

Briefly, chatter is vibration in either the tool or the work,
producing a finished work surface that has a grooved or lined
finish instead of the smooth surface that is to be expected. The
vibration is set up by a weakness in the work, work support, tool
or tool support, and is about the most elusive thing to find in the
entire field of machine work. As a general rule, strengthening
the various parts of the tool support train will help, also supporting
the work by a steady or follow rest.
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Possibly the fault may be in the machine adjustments. Gibs
may be too loose; bearings may, after a long period of heavy ser-
vice, be worn; the tool may be sharpened improperly, ete. If the
machine is in perfect condition, the fault may be in the tool or tool
setup. Grind the tool with a point or as near a point as the finish
specified will permit; avoid a rounded leading edge on the tool.
Reduce the overhang of the tool as much as possible and be sure
that all the gib and bearing adjustments are properly made. See
that the work receives proper support for the cut, and, above all,
do not try to turn at a surface speed that is too high. Excess speed
is probably the greatest cause of chatter, and the first thing an
operator should do when chatter occurs is to reduce the speed.

On large thin sections such as cups or brake drums, a coiled
spring stretched around the piece may dampen the vibration suffi-
ciently to prevent chatter. Often, packing the inside with a wood
dise cut to fit the cup will permit a smooth finish to be obtained on
the outside surface.

Lapping

‘Where holes are to be finished to an exact size or to a maximum
straightness, it is advisable to leave the hole a few ten thousandths
under size and remove this metal by lapping.

Lapping can be employed on both flat and cylindrical surfaces.

The procedure to be followed varies slightly, depending
upon the reason for lapping; whether it is to finish a hole to an exact
straight size, polish the surface for high finish, or merely to remove
a bit of material from hardened metal.

When the requirément is to slightly enlarge a hole, a piece of
carborundum cloth wrapped around a rotating rod held in the lathe
chuek will provide the quickest but not the most accurate way.

Laps are made in both the solid and the expanding types.
The expanding type is preferred to the solid type because it can
be expanded, trued up, and recharged when the cutting surface of
the lap is worn down.

A lap may be charged with cutting grit so that it will cut
along its entire length or it may be charged to cut in one spot only.

It is not advisable to crowd a lap, since the process is only
used as a finishing operation and not to remove a large amount
of stock.

The maximum stock allowance for lapping should not exceed
one to two thousandths of an inch and is preferably about three
to five ten-thousandths of an inch.
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A good serviceable lap for general use is illugtrated on this
page. The construction of such a lap is simple. Turn the cast-iron
piece all over to rough size—turn handle end to size—turn lap
surface to standard size minus one thousandth of an inch or two
thousandths if the holes you lap are apt to come that small. With
work turning at a slow spindle speed, turn slight line in lap surface
at very coarse lead about one inch per revolution. This feed can
be done by hand as there is nothing particular about it. Make two
such cuts, one right-hand lead, the other left hand. The purpose
of these grooves is simply to act as grit and oil distributor troughs.
They should be about §” to 3" wide and " to 3" deep, depending
on diameter of the lap. Cut with a sharp vee tool.

The lap surface is next split with a milling cutter within_about
147 to 34" from the end of the lapped surface as shown above.
It is then drilled and tapped at right angles to the split for the
expansion screws. This slit through lap permits expansion by
means of set serews in one-half acting on other half through the
slot as shown,

The best grits to employ are Arkansas grit, of the correct
grain for the work to be tapped, and Bon Ami cleaning powder.
These grits are not as fast cutting as some but produce good accurate
work with a high finish. The grit used is mixed with machine oil
to a light paste consistency and applied to the lap evenly.

The lap is then pushed into the hole with a combination push
and twist drill going in and pull and twist in opposite direction
coming out. The lap is rotated slightly in the hole after every
complete stroke to avoid lapping too much in a position which
might keep the hole from being lapped cylindrically round.

Sufficient take-up should always be given to the adjusting
serew to insure the lap fitting the hole snugly. If this is not done
the hole may be lapped bell mouthed.

The above-mentioned grits and procedure may be used when
lapping holes in steel, either hard or soft, cast iron and bronze,
and are advantageous in that the work is not charged with the
cutting grit as may occur when emery or carborundum is employed.
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On some very hard materials the lap may be made of copper
and diamond grit employed. In this case, however, the grit paste 1s
rolled into the surface of the lap with a roller or by rotating the
lap on a flat plate smeared with the grit paste as one hand}es arolling
pin. The excess loose grit is then washed off the lap with gasoline
or turpentine and regular lapping procedure followed. The amount
of cutting done and the finish left are dependent on the size grit
used and we would suggest looking up this subject in any good tool-
maker’s bock which will give complete information on diamond
lapping.

Lead taps are used for rough lapping where the main con-
gideration is to remove material without extreme requirements as to
hole accuracy or bell mouth. .

A flat lapping disc is also useful on a lathe.

The rough finish type is merely a plate with a taper qhank
which fits in the headstock spindle on the face of which a dise of
emery cloth is attached with beeswax.

A fine type of lap consists of the same type of plate provided
with a lead or copper face which can be charged Wlth suitable
abrasive grit. Flat valve seats and other parts of this nature are
thus easily provided with a proper flat surface of high finish.

1t should be remembered that lqpping is a sqnsitive and
essentially slow operation. Lapping is not primarily & metal
removing but o finishing or pplishmg operafion.

All work should be finished as smooth as possible with the
cutting tool or in the grinding operation so the lapping operation will
have as little metal as possible to remove.

Use as little lapping compound as possible since a .thin layer
will cut according to the pressure or contact of lap while a thick
layer may cut even over a low spot in the hole.

Metric Threads

Metric threads can be cut through the quick change gear box
by the addition of compound gears between the drive gear on the
head and the gear on the feed box.

Size Compound hread
Lathe Gears \ Range of Threads

107 127T— 90T 14 M. M. Pitch to 334 M. M. Piteh
13°—15" 197T—120T | 3 M. M. Pitech to 7 M. M. Pitch
17°—19" 127T—120T % M. M. Pitch to 16 M. M. Piteh
21°—247 127T—120T 203 M. M. Pitch to 24 M. M. Pitch
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Rules for Figuring Tapers

Given

To Find

Rule

The taper per foot........
The taper per inch........
End diameters and length

of taper in inches.......

Large diameter and length
of taper in inches and
taper per foot..........

Small diameter and length
of taper in inches, and
taper per foot.........

The taper per foot and two
diameters in inches. . ...

The taper per foot,.......

The taper per inch.........
The taper per foot......000
The taper per foot.........

Diameter at amall end in
inches......ccoovvvavnnen

Diameter at large end in
inches

Digtance between two given
diameters in inches......

Amount of taper in a certain
length given in inches. ...

Divide the taper per foot by 12.
Multiply the taper ber jnoh by 12.

Subtract small diameter from
large; divide by length of taper,
and multiply quotient by 12.

Divide taper per foot by 12;
multiply by length of taper,
and subtract result from lar
diameter.

Divide taper per foot by 12;
multiply by length of tapsr;
and add result to small
diameter.

Subtract small diameter from
large; divide remainder by
taper per foot, and multiply
quotient by 12.

Divide taper per foot by 12;
multiply by given length of
tapered part.

Diameters of Numbered and Lettered Drills

Drill Diameter Drill Diameter Drill Diameter Drill Diameter
No. Inches No. Inches No. Inches Ne. Inches
1 2280 28 .1405 55 .0620 A .2340
2 2210 29 .1360 56 0465 B 2380
3 2130 30 1285 57 .0430 C 2420
4 2090 31 1200 58 .0420 D 2460
8 2055 32 1160 59 .0410 b0} 2500
6 2040 33 1130 60 0400 ¥ 2570
7 2010 34 1110 61 .0380 G 2610
8 1990 35 1100 62 .0380 H 2660
9 1960 36 1065 63 0370 I 2720
10 1835 37 1040 64 .0360 J 2770
11 1910 38 1015 85 .0350 K . 2810
12 1890 39 0995 86 0340 L 2900
13 1850 40 0980 67 0320 M 2850
14 18206 41 0960 68 .0310 N 3020
15 1800 42 0935 69 .0292 (o] 3160
16 1770 43 0890 70 0280 P 3230
17 1730 44 0860 A 0260 Q 3320
18 1695 45 0820 72 .0250 R 3300
19 1660 46 0810 73 .0240 S 3480
20 1610 47 0785 74 .0225 T .3580
21 1590 48 0760 75 L0210 U . 3680
22 15720 49 0730 76 0200 v 3770
23 .1540 50 0700 77 0180 w 3860
5ol 8BS | om | x| ww
26 -1470 53 0595 79 0145 Y -4040
27 . 1440 54 0550 8¢ 0135 z 4130
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Table of Decimal Equivalents
1/64” to 1”7 in 64ths
i i Decimal
Fraction Elgsgﬁzh Fraction Eg:fémht Fraction Equivalent
1/64 0.015 625 11/32 0.343 75 43/64 0.671 875
1;32 0.031 25 23/64 0.359 375 11/16 0.687 5
3/64 0.046 875 3/8 0.375 45/64 0.703 125
1/16 0.062 5 25/64 0.390 625 23/32 0.718 75
5/64 0.078 125 13/32 0.406 25 47/64 0.734 375
3/32 0.093 75 27/64 0.421 875 3/4 0.750
7/64 0.109 375 7/16 0.437 5 49/64 0.765 625
1/8 0.125 29/64 0.453 125 25/32 0.781 25
9/64 0.140 625 15/32 0.468 75 51/64 0.796 875
5/32 0.156 25 31/64 0.484 375 13/16 0.812 5
11/64 0.171 875 1/2 0.500 53/64 0.828 125
3/16 0.187 5 33/64 0.515 625 27/32 0.843 75
13/64 0.203 125 17/32 0.531 25 55/64 0.859 375
7/32 0.218 75 35/64 0.546 875 7/8 0.875
15/64 0.234 375 9/16 0.562 5 57/64 0.890 625
1/4 0.250 37/64 0.578 125 29/32 0.906 25
17/64 0.265 625 19/32 0.593 75 59/64 0.921 875
0/32 0.281 25 39/64 0.609 375 15/16 0.937 5
19/64 0.296 875 5/8 0.625 61/64 0.953 125
5/16 0.312 5 41/64 0.640 625 31/32 0.968 75
21/64 0.328 125 21/32 0.656 25 63/64 0.984 375
Millimeters into Inches
Millimeters Inches Millimeters Inches Millimeters Inches
mm .00394 8 mm .31496 17 mm 66929
};EO mm .00787 9 mm .35433 18 mm .'70866
1/2 mm .01969 10 mm .39370 19 mm .74803
1 mm .03937 11 mm 43307 20 mm 78740
2 mm 07874 12 mm 47244 21 mm .82677
3 mm .11811 13 mm 51181 22 mm 86614
4 mm .15748 14 om . 55118 23 mm .90551
5 mm .19685 15 mm 59055 24 mm 94488
6 mm 23622 16 mm .62992 25 mm 98425
10 Millimeters 1 Centimeter 1 Centimeter = .3937 inch

10 Centimeters

10 Decimeters
1 Kilometer
1 Meter

1 Centimeter
1 Millimeter

1 Decimeter

1 Meter 1 Meter
= .6214 mile 1 Mile
39.37 inches 1 Yard
= 3.2808 feet 1 Foot
1.0936 yard 1 Foot
= .3937 1nch 1 Inch
= .03937 inch 1 Inch

1 Decimeter ==

3.937 inches

= 39.37 inches

I

1.609 kilometers
.9144 meter
3048 meter

304 .8 millimeters

2 .54 centimeters

25 .4 millimeters
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Limits for Turning and Grinding—The limits given in the table below ( 1
are recommended for use in the manufacture of machine parts, to produce satis-
factory commercial work. These limits should only be followed under ordinary

S. A. E. Standard Screws and Nuts

Y . ; h B A
conditions. For special cases, it may be necessary to increase or decrease the —1 —iC /c% 60" P
limits given in the table. The allowance to be used when rough turning parts to ‘ | b
be ground varies from 0.010 to 0.030 inch; that is, & part to be ground to a diameter AN £ B
of 1 inch would be rough turned in the lathe to a diameter of from 1.010 to 1.015 I ;:—_—l:—o 9% 7
inch, while a 3-inch shaft may have an allowance of from 0.015 to 0.025 inch, . -
The allowance depends largely on the class of work. l ! . . : § = Tap drill size.
‘ | D e = R i per o, D% 0= Lonathof et
lies to all nuts and screw heads. P .
g gpﬁ?:mzt?er gf citter pin. 3= Width of flat.
Allowances for Fits }
Grinding Limits for Cylindrical Parts ] ol wul el sl sl vl s % I sy | % 1|1 —1/8_ 1Y% | 1% | 1%
{(+Designates larger than nominal size; — Smaller than nominal size.) | 28 | 2t ﬁ 24 \—zo 20 | 18 | 18 | 6 | 14 | 14 | 12 12§12 | 12
e | as 23 1% | 1Y% (1% 11
NEAEIE TR I I 1 10 A AR7R i ARV R Rt At
LA N AN AN AN N A RCA R ARTART AN N E WAL
Diameter, Limits, Diameter, Limits, g g %" f}; ,fi {; %:— 17 P Y% i1 %“% % 358 }/ZE
Inches Inches Inches Inches B & g Bl & & 5| ﬁ § é %}' 1:;: 1}%
i3 5 2 21 23 5 37 ]
RN AN AN AR A0 AU AR AT ARTAEL AR
Running Fits—Ordinary Speed Driving Fits—Ordinary S & il & 6| 5% =

Up to 14| — 0.00025 to — 0.00075 ||Up to 15 | + 0.00075 to + 0.0015

: Regular Bolt
L5t 1 | — 0.00075 to — 0.0015 || ¥4 to 1 0.001  to -+ 0.002 American Standard Threads, Reg
1 to 21/ —0.0015 to — 00025 17 to2 T 0.002 to- 0.003 : Head and Regular Nuts
2 to3ls| —0.0025 to— 0.0035 to 314 | 4 0.003 to i 0.004 ‘
314t06 | —00035 to—0005 |3%t06 |- 0004 to-- 0.005 SEMI-FINISHED HEXAGON
il di in t ide for a 75% full depth of thread engagement.
1 For cr[c‘)}:r?ptlg?e (%)rol{lt 'ljlleaarg?trf\ﬁ :J,I;utiht%ggglzz{)tlivs‘e: A?;e%icar%St:ndard Data Bulletins.
Running Fits—High-Speed, Heavy Forced Fits DIMEN SBIgIijﬁ I(?IE AI}I)%TS
Pressure and Rocker Shafts. . BAIN | wm | :
= | ARE N = Nuts Bolts
- . 3 A sQ I ,::E Arclross écross Hojaht | Height Aﬁgﬁs ég:g::s 1
= Mlat vorners| Heig
Up to Y| — 0.0005to— 0.001 ||Up to 14 | + 0.00025 to+ 0.0005 l { gla |F— T B8R
15 to 1 —0.001 to—0002 | Y5to1 |4 0.0015 to-+ 0.0025 205 % JURE QP
17 t02 | —0002 to—0003 |[1” to2 |-+ 00025 to-+ 0.004 5|Eal 53158 of | foot| =5 ‘
2 to334| — 0003 to—00045 {2 to31% |+ 0.004 to-+ 0.006 5 52| 85| 5| mot| of 2uE [ AN
3% t06 | — 0.0045 to — 0.0065 314 to 6 | 4 0.006 to-- 0.009 Blent 8515 Thrd| Bgy | - Tk ‘
l A |=8& A% |A B \
131 g | 160 a 0.485 b+ E - % 0.413
Driving Fits—For such Pieces | 20 1 0.185( & 0.049,0.026 ¥ 1 9691 1 = 115 | o552
Sliding Fits as are Required to be % 1310352 lﬁ 0: 916 0008 G0, % | ot :fg % k| 0629
Readily Taken Apart ' ‘ 7| 14|03 & 0.150/0.093 se0| % 0.80 & i % | 0858
211510450 Bl 02isoney rooo) % |oess | d [ &) Fg ) 0966
) 5% 11 | 0.507| #%|0.307|0.202) 1,210 11 1.1% i o 138 | 1240
Up to 15| — 0.00025 to — 0.0005 [[Up to 1% 0 to -~ 0.00025 %| 10 | 0.620| 41| 0.442,0.302 1810 124 12401 g B ia |14
Yto1 | — 00005 to—0001 | 2sto1 |+ 0.00025 to - 0.0005 A9 gall | osooaie) By 3f I 1ds | W | | 1k | Les
1 t02 —0.001 to—0.002 ||t to2 - 0.0005 to -+ 0.00075 ’ 114| 710939 i1 0.994/0.694| 4,160 13- 1.859 1% 18 155 | 2 066
2 t03%4| —0.002 to—00035 |2 to3ls j; 0.00075 to = 0.001 13| 710641 5| 1.2270.893 23500 176 | 2098 i B | og 2w
3%t06 | —0003 to—0.005 [3%to6 0.001 to-4 0.0015 Wl o1 AT 1 ven008 7rr0l 23 l2as0 | va | | 234 (2450
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Standard Taper Pin Reamers*
; =
k__,(__ - — & - — — — i
- - -
Taper, ¥ inch per foot.
Diameter Diameter Total Length of
No. of a4 Large at Small | 4 - ot,h s %t' Length of No. of
i End of End of iy 3
Tﬁg:rm};';n Rgamzr Rgam(;r Reamer Edges hank Flutes
o E b | A | B 1 ¢
00000 | ©0.0984 | 0.075 | 1-5/8 | 1-1/8 1/2 4
0000 | 0.1140 | 0.088 1-3/4 | 1-1/4 172 4
000 | 0.1206 | o101 | 2 1-3/8 5/8 4
00 | 01452 | 0114 | 2-1/4 | 1472 3/4 4
0 | 0.1608 | 0.127 | 2-3/8 | 1-5/8 3/4 6
1 | 01824 | 0.146 | 2-1/2 | 1-3/4 3/4 6
2 0.2036 0.162 3 2 1 6
3 | 0.22908 | 0.183 3-1/2 | 2-1/4 | 1-1/4 6
4 0.2600 0.208 4 2-1/2 1-1/2 6
5 0.3024 0.240 4-1/2 3 1-1/2 6
6 0.3544 0.279 5 3-5/8 1-1/2 6
7 | 0.4246 | 0.331 6 4172 | 1-1/2 6
8 0.5072 0.398 6-3/4 5-1/4 1-1/2 8
9 0.6004 | 0.482 8 6-1/8 | 1-7/8 8
10 0.7266 0.581 9 7 8
11 0.8776 0.706 11-1/4 8-1/4 8
12 1.050 0.842 13-3/8 10 3-3/8 |.........
13 1.2586 1.009 16 12 S
14 1.5412 1.250 18-1/4 i4 4-1/4 |....... ..
*Adopted by manufacturers of reamers and taper pins.
Standard Taper Pins
Diameter F| Approx. .
| Toeer | Sl [Pmetion Mimag
4 Pin Pin F L
PR em— 3 | 0.219 | 7/32 | 1-3/4
- - 4 | 0250 | 174 |2
Taper, ¥{ inch per foot 5 0.289 19/64 | 2-1/4
Diameter Fj Approx. .
%g'pgrf a}% nIéaggfe Fmscggnal Mil’gglﬁm 6 0.341 11/32 | 3
o nd . iz " 7 | 0.400 | 13/32 | 3-3/4
8 0.492 1/2 4-1/2
00000 0.094 3/32 3/4
9 0.591 19/32 | 5-1/4
0000 0.100 | 7/64 | 778
RS RGN AR IR A
00 0.141 | 9/64 | 1-1/8 : /64 | 71/
0 0.156 5/32 | 1-1/4 12 1.032 1-1/32 9
1 0.172 11/64 | 1-1/4 13 1.241 {1-15/64 |11
2 0.193 3/16 | 1-1/2 14 1.523 |1-33/64 113

THE R. K. LE BLOND MACHINE TOOL CO.
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[ Examples from Practice:

Cutting Speeds and Feeds for

Cemented-Carbide Tools

for materials marked with asterisks (*), Column 2.

carbide was used for all other examples.

Tantalum-carbide tools were used
Tungsten
These speeds and feeds

v are intended as a general guide only. The rigidity of the n.xach'{ne
. and tool support, interrupted cuts and other factors result in wide
variation in practice.

Machini Cslgggég Depth fRI%ted

sehning i i of cut, of Fee
Operation Kinds of Material Flt,l ige " f out Sf Heed.

CastIron.............. 250 4 0.070

C‘:t Iron.............. 210 3% 0.062

CagtIron (1).......... 260 5 0.015

Cast Iron (2).......... 150 14—34 0.050

Semi-Steel (3).......... 280 14 0.012

Semi-Steel............ 300 RO

*Semi-Steel............ 225 e 0.028

*Semi-Steel. .. ......... 286 ?ﬁ, 0.015

*Chilled C. I........... 62 % o | oate

Turning *S, A K, 521060........ 185 Te—o5% 0.020

*Tool Steel 1.10%.. .. .. 140 4 0.020

(S:ilicit;n Séteell. G 9017 .. ggg R B

arbon Steel, 0. RV

Bronge. ..~ ... o 400 ] 0le20

Bronze............... 425 s 0.024

Bronze............... 550 1g 0.031

Brass Casting (4)...... 458 e 0.108

Cast Alumioum. .. .. .. 1000 AT B

Aluminum Alloy....... 570 14 0.031

l - Cagt Iron............. ggg .....

{ " Borin rASS. . ...............] 350 | .... | ...

8 Aluminum............ e | ... | ...

(1) Interrupted cut.

[ @
‘ (3)

(4) Six days between tool grindings.

Much higher speed possible for lighter cut.
9 to 17 hours between tool grindings.
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Dimensions of Regal Lathes and
Approximate Space Required

THE R. K. L BLOND MACHINE TOOL CO,
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FLOOR SPACE APPROX,
REQUIRED DISTANCE
] —_— . | BETWEEN
Size Center Bed A B Total |Height BOLT
of Die- e Height| - to HOLES
Lathe, | tance*, |Length, . Withe . |Center <
Inches | Inches | Feet With t |Inches s
Taper| oY Inches
Inches| Att., Xaper 3 .
Inches I ti.s Inches{Inches
nches :
FLOOR TYPE -
13 18 4’ 17 ) 5834°| 3434 3034 5484 | 4214 | 4414 | 2114
15 18 |4 3| 60840 53| 3234| 545 | 4234 | 4654 | 21
17 30 57117 | 8214°] 4654 -3814| 53% | 423 | 6414 | 19¥%
18 30 8’ Q' 84%4° 4854 4014! 5534 | 423{ | 64 20%%
o :
21 36 77 3" 1107 % 56 45 %,\ 53 134234 | 78y | 21
24 36 |7 3 (1074 | b6 | 453 |sey |T4ads | 784 | 21
BENCH TYPE
i3 18 4 17 [ 5834 38 38 307% | 188 | 46% 934

*Bage Lengthe—For longer beds, add additionsl length. -
OWith disc cluteh and brake add for 13° and 15°~53£" and 17° and 19°—6%4°.

Repair Parts Section

When ordering repair parts it is IMPORTANT for
prompt service to give the following information in
your order:
1. Size of lathe. /e
2. Serial number. f
3. Number of part as listed.
4

Quantity wanted.

The serial number is absolutely necessary. It is
stamped on the flat surface on the front way at the
tailstock end of the bed on models built since 1940;
prior to that time the number was stamped on the cross
girth of the bed at the tailstock end. The numbers indi-
cating the parts are nof stock numbers, therefore, the
information requested is of prime importance for the
prompt handling of your order.
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WHEN ORDERING PARTS, SPECIFY THE
LATHE SERIAL NUMBER. THE SERIAL
NUMBER IS STAMPED ON THE FRONT

10

SLE "LVD

= 26 WAY ABOUT 1" FROM THE TAILSTOCK =
2 8 END — ALSO GIVE THE CATALOG No.
x i9 OF THIS PAGE.
N
127
4~ == 20 .
h T/ )
| 58
|! ' 37 59
1 t=g
ss;] t{gﬁﬂ
1”6
7 R
)
H l 64 5
66
67
68
69
L 70
7i
72
QUICK CHANGE BOX AND TRANSLATING GEARS ON
I13"-15" REGALS
£ WHEN ORDERING PARTS, SPECIFY THE
LATHE SERIAL NUMBER. THE SERIAL
NUMBER 1S STAMPED ON THE FRONT
WAY ABOUT | FROM THE TAILSTOCK
END — ALSO GIVE THE CATALOG No.
OF THIS PAGE.
it
<+ 31
30
]
68\_ fsa
& e
[ ’1 gil i ”
i i ;{; qu;]\;qz
73
D 57
80 B
81 79 s
-
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WHEN ORDERING PARTS, SPECIFY THE

FOR HEADSTOCK WITH

JHLVT INIONI YO
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i LATHE SERIAL NUMBER. . THE SERIAL
18 NUMBER 1S STAMPED ON THE FRONT CLUTCH AND BRAKE
B WAY ABOUT I" FROM THE TAILSTOCK SEE CATALOG 384 -
N o END — ALSO GIVE THE CATALOG No. =
20 OF THIS PAGE.
2 val )
34 51
3 ~ 2 55 36 9 52 }F 3
= ; == ‘ 93 54 7
= i ]
i
4 21 (] M 57 54 | 55 - 72
o . Sy . /e
|
HEAD SECTION COMMON ON 13".15".17".19" REGALS
WHEN ORDERING PARTS, SPECIFY THE
1 LATHE SERIAL NUMBER, THE SERIAL
\ NUMBER IS STAMPED ON THE FRONT
¥ i WAY ABOUT 1" FROM THE TAILSTOCK
END - ALSO GIVE THE CATALOG No.
OF THIS PAGE. 3 _3p
33
34
35
43 36
37 45 46
38
39
44
40y 4l
e Ll o \‘ 1 T 1 : ,
. (ol : -
. 42
o> a7
HEAD SHIFTERS COMMON ON [3"-15"-17"-19" REGALS 5
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z WHEN ORDERING PARTS, SPECIFY THE
Q LATHE SERIAL NUMBER. THE SERIAL
=z NUMBER IS STAMPED ON THE FRONT DH:
- WAY ABOUT 1" FROM THE TAILSTOCK
>, END — ALSO GIVE THE CATALOG No. W
T OF THIS PAGE.
x L .
s B
/’4' l3 5 4
>“ (e ey e
€ [
) d 6
—-@ A 7
i8 J C - 1
19 20 LE__ ______ A ] ]
22 | ]L"“Z"‘ T g4 25 26 27
! ] AR -
i \
L dos
Q COMPOUND REST ON 13"-15"-17"-19"-21"-24" REGALS
-
w
~J
[+ 2]
-
m
@
>
™
4 HE=
2 ]
Z
i
>
'}
I
123}
WHEN ORDERING PARTS, SPECIFY THE
LATHE SERIAL NUMBER. THE SERIAL
28 55 NUMBER IS STAMPED ON THE FRONT
i 3¢ WAY ABOUT 1" FROM THE TAILSTOCK
END — ALSO GIVE THE CATALOG Na.
OF THIS PAGE.
Snbalh d | TV T
HERH
o Ih
! o
X i PLAIN TAPER ATTACHMENT FOR
' B
/ k\ I3"-15"-17"-19" REGALS
i i
§ i
1! ol |
H N
i !
"y il 37
X i‘m ::/ =
’5 Ii lx.*.i . &
| SO S
38

6LE "IVD
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WHEN ORDERING PARTS, SPECIFY THE
LATHE SERIAL NUMBER. THE SERIAL
NUMBER 1S STAMPED ON THE FRONT

WAY ABOUT 1" FROM THE TAILSTOCK o
s END —ALSO GIVE THE CATALOG No.
Y fad OF THIS PAGE. 2,
= S
5_§#—__: vl 23 L
6 N A
A T
s~
lo\.?g U~y
1.
|2~’_ !‘v
5 ~;L
]é 102
1 ﬁ—Tf
i7. 8
QUICK CHANGE BOX AND TRANSLATING GEARS ON
17" 19" REGALS
‘ — “
WHEN ORDERING PARTS, SPECIFY THE “
LATHE SERIAL NUMBER. THE SERIAL / .
NUMBER IS STAMPED ON THE FRONT ¢ /
WAY ABOUT I" FROM THE TAILSTOCK \
END— ALSO GIVE THE CATALOG No. A y
OF THIS PAGE. '
5 & -7 I8 19
|
v
TELESCOPIC TAPER ATTACHMENT FOR
13"-15"-17"-19"-21"-24" REGALS 5
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REGAL CARRIAGE USED ON 17"-19"-21"-24" REGALS

el
m
9
>
>
m —
=z =]
m X
'y #
'— :: PR = —
> i
T ¢ L1 Al
m [ | | 5
DR
/9__# J}
-4 b
10—13
WHEN ORDERING PARTS, SPECIFY THE
c LATHE SERIAL NUMBER., THE SERIAL
P NUMBER IS STAMPED ON THE FRONT
g WAY ABOUT 1" FROM THE TAILSTOCK
T END — ALSO GIVE THE CATALOG No.
b o OF THIS PAGE. :
H
L
T lj
I i
N o i
- N l ‘
TAILSTOCK FOR
13"-15"-17"-19"-21"-.24" REGALS
O e
>
-
(¥ 3
[e-]
[N ]
WHEN ORDERING PARTS, SPECIFY THE
LATHE SERIAL NUMBER. THE SERIAL
NUMBER IS STAMPED ON THE FRONT
WAY ABOUT I" FROM THE TAILSTOCK a7
END — ALSO GIVE THE CATALOG No.
OF THIS PAGE. -
i 50
3 B
|
4 3
5
}L
PO T §
8l !
i
82
83—
A
[y
=y
5.4 ©
77 (-]
(2" AND 14" HEAYY DUTY APRON WITH = .




WHEN ORDERING PARTS, SPECIFY THE

- ] LATHE SERIAL NUMBER. THE SERIAL
5 ----------- NUMBER IS STAMPED ON THE FRONT #
* i WAY ABOUT 1" FROM THE TAILSTOCK -
~ END — ALSO GIVE THE CATALOG No. 8
L . % OF THIS PAGE.
q ,‘fg 56 52,951 500
4 p ==
7
) 'f D[\41 G‘ﬁd
> 18
g 22
7 U] Tesmes o
.= S | — :
¥ No
(92
06
{ “l 4,<‘WT
123
i = 121 12 : = :g;
134 1401
138
136
37
128
139
3
)_>* )
" HEAD SECTION AND SHIFTERS — CLUTCH AND BRAKE
® ON 21" -24" REGALS
CLUTCH AND BRAKE OPTIONAL ON 13", 15", 17" AND 19” REGALS
1-26T
I?il 2-28T
3-307
g 4-36T
— 5-40T !
m 6447 WHEN ORDERING PARTS, SPECIEY THE
Z 7987 LATHE SERIAL NUMBER. THE SERIAL
© NUMBER IS STAMPED ON THE FRONT
Z WAY ABOUT I" FROM THE TAILSTOCK
~ 8 END — ALSO GIVE THE CATALOG No.
Z 9 20 OF THIS PAGE.
I
m
QUICK CHANGE BOX AND TRANSLATING GEARS E

§8¢ "LVO

21"-.24" REGALS
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PFage
Instructions Relative to Shipment.... 3
How to Set Up A Lathe.......... csnss 4
Leveling.osoeoucovoonennnnnancans 5
Lubrieation.....ovoe.... . 6
Wiring. ....... ereseee eveevaea . 6
Operation Chare.................. . 7
Lubrication Chart..................... 8-9
Clutch and Brake Diagram ........... 10
Get Acquainted With Your Lathe. .6 to 28
Apron, 13% 157 0t n i iiinen e 16
Apron, 177, 19°, 21°, 24°......... 16 to 19
Bed..vivivrnnennnnnnnn 25
Carriage......oo0ounun.. 20
Compound Rest 23
Cluteh and Brake,................... 28
Feed Rod..eovvoennnannennnnnnnen, 21
Headstock, 13" to 247 . 11 and 12
Index ¥eed Plates . . el 14
LeadsereW. . ooovvnnnniunnnnnnnsn, 22
Motor Adjustment................. 27
Quick Change Mechanism, 13° to 15" 13
Quick Change Mechanism,

177,197,217, 24°. .. ....iviiant. 14
Safety Device.........c.cvvvnnune. 21
Speed Changes. .........cocovunnn, 28
Tailstock. . .25 and 26
Tool Post..venevnnn v iennennnnn., 24

CHAPTER INDEX

Calipers (inside)
Calgpers (outside). ..
Calipers (micrometer)

Chuck (4-§aw independent).... .26
Chuck (3-jaw universal)

Chuck (drill)
Dogs (lathe}.
Lathe Tools. . ..
Chasing Tools
Knurling Tools

Threading Tools
Turning Tools. ..

How To Use Regal Equipment

and Attachments
Compound Rest. ...
Draw-in Attachment
Face Plates
Follow Rest
Grinding Attachment . .
Micrometer Stops

Taper Attachment..

Thread Indicator.........

Boring Bar and Holders .........

Cutting-off Tools (strmght) .........

Milling Attachment.....
Steady Rest..... veeees ceees

Page
Methods of Holding Work in a
Lathe............. cesessneesa A7 062
Centers. ., ceriesreennonea 47
Chueking. ..ovevvneennneinnnronenn 53
Face Plate...oovvevonnrnnnnnnennns 59
Fitting Chuck Plates............... 50
Follow Rest.......... heieretaresa 62
Mandrels............ Creereaeraon 47
Spindle Nose............ 50
Steady Rest............. ve.. 61
Types of Mandrels............ ceeso 49
How to Grind Lathe Tools.........63 to 65
Centering Work...................
Center Drill.................... 65 'tO gg
How to Lay Off Centers............ 65
Testing Lathe Centers......... 68 and 69
Repointing Centers. ............... 69
Testing Headstock Centers. . ....... 68
Truing Centers.................... 69
Operations. .. ................... 70 to 96
Alig_nment of Centers.............. 79
Bor}ng ....................... 72 and 79
Boring (taper)................ 80 and 86
Chasing Threads. ................. 92
Drilling........cooviiiiiinn... 72 to 75
Facing to Length.................. 70
Filing....cooooviiiiiiiiin. .,
Knurling
Reaming
Shoulder and Radius Forming
Tapping..........oooiiii L
Threads, Chasing.................. 92
Turning (straight) ................ 77
Turning (faper)........ouuvn... 80 to 86
Cutting Speeds, Table.......... 97 and 107
Chatter.......oovveiiireiirnninnnn,.. 98

Table of Decimal Equivalents. . ...... 103
Metric Conversion Tables............ 103
Allowance for Fits
Grinding Limits for Cylindrical

Parts .....ooiiiiiiiiiiiinnn.. voo 104
5. A. E. Standard Screws and Nuts. .. 105
American Standard Threads, Bolts

and Nuts.......oo00viinnnnenn.., 105
Dimensions of Taper Pin Reamers.... 106
Dimensions of Standard Taper Pins... 106
Cutting Speeds—Cemented Carbide

TOOIS. vt et iiesarsntennrannnnn 107
Floor Space Diagram.......... ceocaes 108
RepairParts. .....c0000nen ae.... 100 t0 121
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ALPHABETICAL INDEX

A Page
AecesBOmiaB. . ocovororaesanaraooaasaes . 29
Alignment—Centers. . . .. reeaeeanaee .. 79
Allowanece for Fits. . ...oovvveee cicronns 104
Aprom, 135, 167, .. ... i T
Apron, 177,197,217, 24" . ... ..o ieen 16 to 19
Attachments.......... Ceeenreesons 39 to 46

B

Back Box.

Belts, Multiple Ve
Belts, American
Boring.. ...
Boring Bars.. ..
Boring Taper.....
Breaking-in Period. ..

C
Calipers. .o .o vverroreneeninansonnns 30 to 33
Carriage. .. 20
Centering .
Center Drill.,.........,.. e 66
Centers, Testing and Grinding. . . . .. 68
Centera—Work On........ccovevevenns 47
Chasing Threads. .. ..........o0e wee. 92
Chasing Tools.o.ooon.vne e eiaean . 87
Chatter. .. .... 98
Chucks—Drill....coocviieiiii i 29
Chucks—~Work in.c.oooveeerinaennnn 53
Chucks—Careof. . ... ...ociiieriiann, 56
Clutch—Multiple Dise. . ..........o0nen 28
Collet Chuek.oavv e oriiiinarecnens 58
Compounding Gearsin Head............ 13
Compound Rest....oooviionivaines 23
Cross Feed Serew......ooviveninnianns 20
Cutting Speeds..... FR PN 97 and 107
Cut-off Tools..ooveoererriniiinriacnee 36
Decimal Equivalents............ .00
Dimensions—Floor Space
Dogs—Lathe...........
Draw-in Chuck or Attachment ......... 4
Drilling..coove conerneeaonn- ...72t0 75
Duill Center. .. . 66
Drill Diameter . .. 102
¥
Face Plate. ..... er e 41 and 59
Facing Work.............. R 61, 70, 87
Feed Box....ooovvniiiiiniiiiiia v, 15
Feed Chart., .oooverranierennnveannn 14
Feed Rod..... F 21
Filing ..... e h e o e 89
Fitting Fixtures on Spindle............. 50
Fitting Chuck Plates to Chucks......... 50
Fite—Allowance For,............00oi0s 104
Floor Space Required. . ........oooeutn 108
Follow Resb..coovereneeerirenenen 41 and 62
Forming—Radius.......ooooiieiiiii 87
: G
Grinding Attachment. . ................ 44
Grinding Lathe Tools., ................ 63
: H
Half-DUb. e vt oo vvannraeearerennanennnns 16
Handwheel—Speed Change............ . 28
Headstock, 187 024", .. ...ooviiainen . 11
¥
Indicator—Testing Lathe Centers. .. ... . 65
Installing the Lathe..... ..ooovveuannen . 4
Instructions Relative to Shipment. ..... 3
K
Enurling, . oo... 96
Enpurling Tools.... 38
L
LAPPInG. ccovosocconnsoossareocans vees 99

Lathe To0l8.00c0cocoicissssossacansocs 3D

I—Concluded Page

Lathe Toole—Hew to Grind. . .......... 63
LeadserewW. ccovoeoncos- ieieieinienann 22
Leveling Lathe. ccceveevnerrcoonccrcaos 5
Lever Feed Trip...ccceveorcescaonone .. 13
Lubrication Chart. . ... covecoonacc.on .o 89

M
Mandrel—Types. .coeevenerocaonorsaes
Mandrel—Work On............ .
Metric Threads. .coveeervriraon v
Miorometer StoP. .. ovveiveerenariiiios
Millerette Converter. ........cocveiene
Milling Attachment..........c.c.ooviin
Millimeters to English ........ e 103
Motor Data.eeenrveonraaeneninannns .27
Nomenclature Chart.......ovvvevinmnees 7
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REGAL

A Line of

Modern; Geared Head Precision

Lathes at Popular Prices

Built in Sizes

13-15-17-19-21-24-inch

Sold on the Le Blond
Deferred Payment Plan

A qualified representative in your vicinity will gladly
show you this outstanding lathe value.
Write for his name.
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