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JIGS AND FIXTURES

The efficiency of any milling machine is nothing more or less
than its ability to earn profits on the investment it represents.
From no other machine tool is there thé possibility for as large
a return on the investment as from a modern milling machine
with intelligently designed tool equipment.

Carefully designed jigs and fixtures not only provide for more
rapid milling, but insure a degree of accuracy not obtainable by
other means. Interchangeability of the work is assured, and the
chucking or handling time is greatly reduced.

All of the standard machine parts in our shops are milled in
large quantities in fixtures especially designed for the purpose.
These fixtures were developed in our Engineering Department
and represent the most advanced methods of chucking or holding
work to be milled, the non-productive or idle machine time being
reduced to an absolute minimum.

We offer the services of our Engineering Department to in-
vestigate conditions and recommend economical milling methods
to interested parties. Our long experience along this line enables
us to offer suggestions of value.
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KINDS OF MILLING

The most generally used form. The cutters are mounted on
an arbor and the work clamped to the table using the longitudinal
table feed. Solid cutters are made preferably with spiral teeth.
On sizes 6” and larger they are usually made by inserting high-
speed steel blades in mild steel blanks. The most economical re-
lations of the feeds and speeds are best determined by experiment.
The hardness of material, the degree of finish required and the
design of the cutters are big factors in determining production.
This type of milling is done either on a single or multiple chuck-
ing of the work. It may be taken as a general rule that where
the total chucking time equals or exceeds the actual cutting time,
there is no economy in gang milling. To remove finished pieces
and replace them with rough work while other pieces in the fix-
tures are still under cut necessitates dropping the knee, in order
to return the table, after which it is readjusted to the work, the
finished pieces nearest the cutter removed and rough parts re-
chucked. In some cases of this kind the non-productive or idle
machine time becomes excessive, and a careful consideration of
these conditions would be of value in designing jigs or milling
fixtures.

This type of milling, like surface milling, may be done with
either single or multiple chucking fixtures. The face mill — gen-
erally an inserted blade cutter — is secrewed on to the threaded
nose of the spindle and is used in finishing surfaces at right angles
to the spindle center. With our millers it is possible to make
heavy reduction with very coarse feeds. The high belt velocity
provided for by large gear reductions, the rigid knee, saddle and
table construction, and the positioning of same, which provides
for obtaining the greatest strength of these sections, are all fac-
tors. See example, page 123.

End milling operations include surfacing bosses at right
angles to the spindle center, key ways, T-slot and dovetail milling.
Many inaccessible surfaces that can not be reached otherwise, can
often be handled profitably as an end milling job. See examples.
The general practice in the design of end mills tends toward the
coarse pitch spiral cutter. A table of leads, angles and change
gears for the modern design end mills is shown on page 166.
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The formed milling cutter has come into more general use in
manufacturing milling practice.  They can be sharpened re-
peatedly without changing their form, and, while as a general rule
they are not as substantial as an ordinary surface mill, satisfac-
tory results are usually obtained as to speeds and feeds. These
form cutters can be used in gangs or in combination with ordinary
surface mills. In the shops of sewing machine and small arms
manufacturers, these cutters are often of intricate form, and
pieces that would otherwise be generated or profiled are finished
much more rapidly by milling.

This type of milling is done either with a vertical spindle at-
tachment, or the horizontal spindle.

Two independent fixtures or chucks for holding the work are
mounted on the table and the cutters fed alternately over each.
The operator reversing the feeds at the end of the cut, removing
the finished work and rechucking while the machine is at work on
the piece in the other fixture. When provided with our quick
power table traverse this becomes practically continuous milling,
the table traveling from one fixture to the other at the rapid rate
of twenty-five (25) feet per minute.

Milling circular grooves, T-slots, etc., is accomplished with a
rotary milling table on which the work is chucked and the cutter
mounted in a vertical spindle attachment. This circular table is
equipped with either power or hand feed, and a worm indexing
arrangement provided for precision indexing. A jig, circular in
form, is often bolted to the rotary table, a number of pieces
chucked therein and fed continuously under the cutter, the oper-

ator removing the finished work while other pieces are still under.

cut. This production is continuous, as there is no rest period for
the machine. The degree of handiness and the facility with
which the finished work is removed and other pieces rechucked
largely govern the production obtainable.

FEEDS AND SPEEDS

No fast and fixed rule can be given as to the practical relations
of the feeds and speeds. Many elements enter into this problem,
chief among them, the degree of finish necessary, the design of

Form
Milling

Alternate
or Recip-
rocal
Milling

Circular
Milling

the cutters, and the support afforded them, while the stability of -

the work itself is an important factor. If the work is of a frail
nature a coarse feed is apt to cause distortion.
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The degree of finish required more generally limits the rate of
feed, while the hardness of material or its tensile value deter-
mines the practicability of the cutting speed. On work where a
high degree of finish is essential, experiment only will determine
the fastest practical combinations of feeds and speeds. Where
a large amount of stock is to be removed, greater economy is
effected by the use of slower speeds and the coarsest possible
feeds. Naturally the possibilities for coarse feeds are greater
on some machines than others. The rigidity of the knee section,
the support provided the cutter and arbor, as well as the efficiency
of the feed transmission are factors. In selecting a miller for
heavy service particular attention should be paid to the feed trans-
mission, toward the elimination of friction generating devices,
chains or other complications. Machines of complicated design,
owing to the increased number of moving parts, must of necessity
consume more power, be shorter lived and require more skill and
attention to obtain a given result. We have paid particular atten-
tion to simplicity in our design.

As a general application to ordinary shop practice we suggest
the following cutting speeds :

Peripheral speed of cutter,

Material. feet per minute.
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(B) 135405 S e (AR ARt et iy e I I e £ ez L 40
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Heard BEaan (COPPRRIS . - . h il 5o s AR Bait i o ok ot s 4 bbb ios Ariate
Bronze ..olisihnt “
TS5 YT S e e R SR A R S P e o

These speeds are approximate and must be adjusted to the
nature of the material and the feed. Obviously the physical an-
alysis, the hardness and grain, of practically all of the metals will
vary.

Sometimes the SPEED of the cutter may be profitably in-
creased, leaving the rate of FEED as it is. Again the speed
could be decreased without changing the feed. In another case
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the SPEED may remain constant while the FEED may be in-
creased or decreased to suit the nature of the work. It is exces-
sive cutting speed that causes heating of a cutter when it is of
design suitable for the work in hand.

CUTTER DESIGN

Correctly designed cutters greatly reduce the stresses in the
the arbor and its supports as well as the strains in machine frame,
because they consume less power.

The coarse pitch cutters with their increased chip room, that
we designed and have used successfully for the past eight (8)
years, have done much toward increasing the possibilities for
heavy milling with a much smaller consumption of power for a
given result. The general practice now tends towards cutters
of this design. Although opinions of various authorities vary in
regard to the spiral angles and depth of teeth, the average trend
of practice is the same. The coarser pitch cutters provide for
freer cutting action, more chip space and a decidedly more sub-
stantial tooth, consequently coarser feeds may be used. Larger
chips are removed than with cutters of earlier design, and it be-
comes evident that the excessive power formerly consumed in
forcing the chip through the restricted tooth space of the old
cutters is now utilized in the actual removal of the metal. The
apparent hardness of material with the use of the old cutters
largely disappears when our millers with their unusually large
arbors, are equipped with the more modern high-speed cutters.
These cutters not only provide for an economic use of power, but -
are a great deal more durable and more easily sharpened.

For finishing operations a fine pitch cutter may be used to
advantage, which will lessen the feed marks and provide a highly
aceurate surface. This is quite readily permissible, since on
finishing cuts there is no great amount of metal to remove, and
the space between the teeth is ample for the escape of the chips.

When these cutters are qu in gangs for milling large sur-
faces it is advisable that they be split and the hand of the spirals
be reversed to absorb the end thrusts.

A list of Angle Leads and Change Gears for milling these cut-
ters is shown on page 163.
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Cutter Gangs

In quantity manufacturing it is generally profitable to leave
the cutters assembled in gangs. That is, keep them mounted on
a single arbor, using the cutters as a unit, and not removing them
for other jobs. This greatly simplifies their sharpening, and
assures duplication of work.

Cutting Compounds

Much more dependable results will be obtained from any cut-
ters when they are kept cool and cleared of chips. Steel, Malleable
Iron, Cast Steel and other metals of high tensile strength require
the use of a cutting or cooling compound for the cutters. This
compound is best distributed under considerable pressure to effec-
tively clear the cutters of all chips. Any of our millers can be
equipped with a geared rotary pump for the distribution of the
lubricant and flexible tubing for its return to the supply tank.

Paraffine and lard oil in equal parts is sometimes used, and,
although very expensive, the results are satisfactory, and many
manufacturers prefer it to the commercial “soda oils” or cutting
compounds. Both, however, are used in large volumes, with but
a small waste, and kept in constant circulation.

Care should be taken in the selection of the manufactured soda
compounds to prevent the use of those which cause rusting of
the finished parts of the machine.

On such Cast Iron work where the chips have small chance to
escape, the cutters are best cleared of them with an air blast or
jet. This is especially important on T-slot or undercutting opera-
tions. No lubricant is necessary and really would do more harm
than good.
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KNEE AND COLUMN TYPE MILLERS

The many marked improvements in the material and designs
of cutters have necessitated radical changes in the construction
of the milling machine to utilize these new cutters to the limit of
their usefulness.

Some manufacturers have found it commercially profitable to
strengthen their machines only at the weak points which devel-
oped. Others, after a more thorough analysis, found a radical
re-design necessary, each size being laid out to accomplish a pre-
determined result.

We belong to the latter class and how well we have succeeded
is evidenced by the successful performance of our machines in
the shops of our customers.

They embody certain desirable features of construction not
found in ecompeting machines. In every case the quality and
quantity of the work they are performing have justified the in-
vestment, and verified the intelligence used in their selection.

Knee and Column Type Millers may be PLAIN or UNIVER-
SAL. The essential difference being the swivel table construc-
tion which characterizes the Universal Machine. The table of
the Plain Machine is free to travel only at right angles to the
spindle center, while the table of the Universal Miller may be
swiveled fifty (50) degrees either side of its center.

The Plain Machine, on account of its greater simplicity and

more rugged construction, is more used in manufacturing shop

service.

The Universal Miller, on account of its greater flexibility, is
more generally conceded to be a tool-room machine. The swivel
table adds one more joint and the bevel gear table feed drive some-
what restricts the design; consequently, they can not be made
quite as simple as the plain machine. However, these are faults
of the type and the LEBLOND Company has reduced them to mini-
mum in the design of their higher powered Universal Miller. It
has long been an exploded idea that there was any more necessity
for precision work on a universal miller than on a plain machine.
The plain machine, equipped with our precision Driving Head and
with a Universal Spiral Cutting Attachment, becomes a fully effi-
cient tool-room miller, capable of cutting spirals, ete.

Plain and
Universal

Machines -
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Where the shop is only large enough to require one machine,
we recommend that it be a Universal, due to its greater flexibility
without attachments.

“Interchangeable Unit” Manufacturing

In any manufacturing scheme, interchangeability is a vitally
necessary feature which is only obtainable by a carefully devised
system of jigs, fixtures and templates. In highly specialized
shops, such as our own, not only is each piece interchangeable but
each complete unit also — as the knee, feed gear box and the back
gear assemblages. These units are built and assembled in large
quantities to the ultimate advantage of the consumer. The natural
result of manufacturing on this large scale is a reduced sale price
consistent with quality and an assurance that any repair fur-
nished will fit without any corrective work.

Control Schemes

Much has been said on the subject of control schemes for all
milling machines. This diversity of opinion resulting, probably,
from a lack of practical knowledge of the operating conditions.
However, it has been universally agreed that the degree of operat-
ing convenience provided has much to do with the production ob-
tainable from any miller. For this reason we believe that a short
analysis of the conditions governing the natural position of the
operator would be of interest.

“Why A Milling Machine Should Run Right Handed”

In order to secure interchangeability of tools with the lathe,
drill press and other machine tools, it is necessary that a milling
machine spindle be run in the same direction. In face milling
operations the mill is received on to the nose of the spindle and
this thread is best made R. H., so that ordinary lathe chucks may
be affixed to it and not work off with right-hand cutter rotation.
Cutters which are mounted on arbors may, of course, be reversed
on the arbor and the machine run left handed. This condition,
however, is undesirable from a standpoint of a location of the con-
trolling levers. LEBLOND Millers are designed to run as nearly
as possible with equal efficiency in both directions; however, it
is recommended that they run right handed for the above reasons.
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Right Hand Cutter Rotation. Left Hand Cutter Rotation.
Lathe Chucks, Drills, Counterbores, etc., Lathe and Drill Press Tools will not
are Interchangeable Interchange

Adjustable gibs must be provided on all millers for adjust-
ment for wear on the sliding members, the knee, saddle and table.
Much more dependable work, both as regards accuracy and pro-
ductions, is obtained when the cutter thrusts are absorbed against
the solid side of these members. Only one side of each can be
gibbed, consequently on any milling machine, regardless of its
manufacture, the fullest efficiency can only be obtained when the
spindle is running in the direction for which the machine is de-
signed.
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Central Location of the Controlling Levers

Having established the proper direction of rotation for the
cutter spindle, we next determine the correct location of the con-
trolling levers to accompany this condition. In this discussion
we are neglecting the left-handed operator, safely assuming that
ninety-nine per cent of the machine operators are right handed.

SPEED INDEX PLATES DIRECT

READING
FEED INDEX PLATE. DIRECT

FEED BOX SELF-CONTAINED.
READING
QUICK RETURN FOR TABLE

CROSS AND VERTICAL FEED REVERSE.
OISTURBED

CONSTANT SPEED DRIVING PULLEY
QONE PIECE COLUMN. NO JOINT
HERE. JIG-DRILLED. NO POSSI-
BILITY OF ALIGNMENT BEING

LARGE DIAMETER, WIDE FACE
IDLY IN THE KNEE WHEN USING

SPEED CHANGES. 16 IN AL MOVE
TABLE FEED ONLY

OIL POT FOR LUBRICANT
OVERARM BINDER PLUGS.

CLUTCH HANDLE START AND STOP
CLUTCH, APPLIES A FRICTION BRAKE
ON RELEASING CLUTCH

T0 OPERATOR

The descriptive plate opposite shows the logical position of
the operator on any milling machine in which the cutter rotates
right handed. From this point he has an unobstructed view of
the cutter at work, and every lever necessary to a full working
control is within easy grasp; the quick traverse, start, stop, feed
reverse and engaging levers. This is true on both plain and uni-
versal millers. The practice of placing the quick traverse lever
on one side of the machine and the start, stop and feed control
on the opposite side is obviously an error in principle. The quick
traverse and start and stop lever, as well as the feed engaging
levers, are used with every return stroke of the table; conse-
quently, the greatest convenience is effected by grouping them
on the same side of the machine; otherwise, the operator would
be forced to walk around the extended table to return it after
starting and stopping the machine. The feed and speed control
mechanisms are also properly placed on this.side of the machine
in order that they may be adjusted to suit the work, while the
machine is in operation.
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RIGHT HANDED MILLING MACHINE”

GROUPED AND ACCES-

The levers used in the preparatory, or setting-up operations,
are conveniently placed on the opposite side of the knee, so as
not to complicate the control scheme. i
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LEVERS

These levers are for the cross and vertical micrometer adjust-
ment and fine feed to table, neither used in the actual operation
but in setting up only. All of the feed engaging levers are
reached from the operating position. The start and stop lever
and the quick return for the table are grasped in the operator’s
right hand, certainly more convenient than any other system of
control in which the operator uses his left hand.

Efficiency Di

Several milling machines may be of the same pulling capacity,
the ability to remove metal, etc., although the actual production
of one may exceed the others, due to its greater operating con-

OVERARM FINISHED BY
GRINDING
UNDER CUTTER
EXTENDED COLUMN BEARING.
ENGAGE POWER CROSS AND
ELEVATING FEED MERE
TELESCOPIC VERTICAL SCREW

KNEE BEARING CARRIED TO TOP
FULL BOX SECTION KNEE.

OF COLUMN
BALL THRUST BEARINGS. AT BOTH

SUPPORTING ARBOR - STRONGEST
ENDS OF TABLE
REVERSE TABLE FEEDS HERE. CAN
BE SET IN NEUTRAL POSITION
WITH ALL GEAR TRAINS OUT
WHEN USING OTHER FEEDS

KNEE AND SADDLE BINDERS..

POSSIBLE CONSTRUCTION
FEED TRIP AND ENGAGING LEVER

TRIP EQUALLY SENSITIVE WHEN
FEEDING TO RIGHT OR LEFT.

TRIP MOST SENSITIVE
APPLIED TO ANY MACHINE TOOL

UNIT DESIGN BRACE FOR

ARBOR SUPPORT.” TWO FURMISHED
NO SETSCREWS

COLUMN EXTENDED TO AGCOMMO-
DATE FACE GEAR. AS LARGE AS
THE LARGEST CUTTER THAT
OPERATING END OF VISE TOWARD

CAN BE USED
DOES NOT PASS




16 THE R. K. LE BLOND MACHINE TOOL CO.

Fig. 1
Rear or oiling side of the machine. The operator has no occasion to be on
this side of the machine except in oiling. All of the control levers are
conveniently grouped on the right hand or operating side.

Fig. 2
End elevation showing general symmetry and ruggedness
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venience. The operator’s energy must be conserved in order to
obtain the greatest possible production from any machine tool.

An operator and his machine form a production unit, the effi-
ciency of which is largely determined by the facility with which
the machine may be handled.

Unit Column Construction

The columns of the more advanced types of milling machines
are properly cast in a single piece. In our construction it is a
symmetrical, heavy ribbed box section, the base and housing cast
integral.

A short analysis of the stresses incidental to heavy milling
clearly illustrates the necessity of this construction. Primarily,
with a single-piece column there is no possibility of the align-
ment between the knee slide and base being disturbed. With our
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unit column construction all of the collapsing strains are resisted
by internal ribbing and the strains set up by the thrust of the
cut and the weight of the sliding members, the knee, saddle and
table, are transmitted through the vertical walls to the base of the
machine. This can not take place where there is a complete sepa-
ration of the column and base, providing an extra joint subject
to chatter and vibration. It is unquestionably a manufacturing
economy to cast the column and base separately, as a number of
them can then be strung out on the planer instead of planing
them singly; however, the advantage is purely commercial in
building the machine and its actual rigidity suffers in consequence.

CONSTANT SPEED DRIVE MILLERS

The advantages of the Single Pulley Drive All-Geared Milling
Machine are now fully established. The tendencies of modern
shop practice are toward heavier milling, and work of increased
weight is rapidly being put on the milling machine. The con-
stant speed drive miller has been developed as the result of this
practice, and its field of operation is entirely distinct from that of
the Heavy Duty Cone-Type Miller.

Notable among its advantages is the constant torque driving
belt which travels at a high speed, productive of great power.
This high powered drive is transmitted to the spindle through
gear trains with selective combinations to obtain the proper series
of spindle speeds. Unlike the cone drive construction practically
the same power is delivered to the cutter regardless of the spindle
speed. The cone drive machine employs different belt velocities,
due to the various cone steps or diameters and on the slower
speeds, and when, generally speaking, the greatest power is re-
quired, the belt velocity is decreased; consequently, the greatest
power is not being delivered. This is one of the fundamental
reasons for the development of the constant speed drive: its
ability to take heavier cuts and remove greater quantities’ of
metal in a given length of time. ' .

All of the speed changes being made with levers through gear
combinations, a greater degree of handiness is provided, the ele-
ment of danger in handling the belt is removed and the machine
may be driven direct from the line shaft. The large driving pul-
ley providing larger area of belt contact and less tendency to belt
slippage.

| reeesess—
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No. 4 PLAIN HEAVY DUTY LEBLOND CONSTANT
SPEED DRIVE MILLING MACHINE

Range 427 longitudinal, 12” Cross and 20” Vertical
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Our particular design lends itself admirably to the applica-
tion of the motor drive, equally well for variable or constant speed
motors. Their development has been along original lines; not
being hampered by precedent, we have been able to make some
distinct steps in advance of practice. They are Heavy Duty in
every sense of the word and designed to make the cutters the first
limiting factor in their production. Notwithstanding their rug-
ged high-power design, they embody a degree of convenience not
found in other high-powered millers.

Design of Gearing
The combinations of gearing for the spindle drive that may
be obtained are practically endless. In justification of the design
embodied in our construction, which differs radically from that
of other machines, we offer the following explanation:

| —
— -
—————
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Like other designs, the initial drive is from a‘constant speed
pulley running at a high rate of speed, though the gear reductions
are generally higher than found in competing designs, productive
of a more powerful drive.

It will be noted that the gear layout is simply that of a suc-
cessful automobile transmission, carried out several stages, and
back geared, to provide 16 changes of speed in a geometric pro-

THE R. K. LE BLOND MACHINE TOOL CO.

No. 2 UNIVERSAL HEAVY DUTY CONSTANT
SPEED DRIVE MILLER

Power Longitudinal and Cross Feeds Range 25” x 8/ x 187
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