Unit- IV

MILLINGMACHINES:
4.1 Principles of working

The working principle, employed in the metal removing operation in a milling machine, is that
the job or work-piece is rigidly clamped on the table of the machine or in a chuck or an index head or
held between centers and multiteeth cutter mounted either on a spindle or an arbor. The cutter
revolves at a fairly high speed and the work fed slowly past the cutter. The work can be fed in a
vertical, longitudinal or cross direction. As the work advances, the cutter-teeth remove the metal
from the work surface to produce the desired shape.

Cutting
Direction

4.2 Size and Specifications of milling machine

Generally the size of a milling machine is denoted by the dimension i.e. length and breadth of
the table. Other main specifications of the machine or placing an order are the horse power of the
driving motor, number of spindle speeds and feeds, the taper of spindle nose required floor area,
gross weight of the m/c etc.

Milling methods:

Milling is a process of metal cutting by means of a multi-teeth rotating tool called cutter. The
form of each tooth of the cutter is the same as that of a single point tool.

Up milling or conventional milling: Here, the cutter rotates in the opposite direction to the work
table movement. In this, the chip starts as zero thickness and gradually increases to the maximum.
The cutting force is directed upwards and this tends to lift the work piece from the work holding
device. Each tooth slides across a minute distance on the work surface before it begins to cut,
producing a wavy surface. This tends to dull the cutting edge and consequently have a lower tool
life. As the cutter progresses, the chip accumulate at the cutting zone and carried over with the
teeth which spoils the work surface.

(a) ,-\ (b) (..\
(@J N©

Depth of cut

< Feed }7 2 ~3—3 Feed
Conventional or Up milling Climb or Down milling
Fig. 3.94 Schematic views of (a) Up milling process and (b) Down milling process
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Down milling or climb milling: Here, the cutter rotates in the same direction as that of the work
table movement. In this, the chip starts as maximum thickness and gradually decreases to zero
thickness. This is suitable for obtaining fine finish on the work surface. The cutting force acts
downwards and this tends to seat the work piece firmly in the work holding device. The chips are
deposited behind the cutter and do not interfere with the cutting. Climb milling allows greater feeds
per tooth and longer tool life between regrinds than up milling. Fig. 3.94 (b) schematically shows the
down or climb milling process.

4.3 Classification of Milling Machines

Milling machines can be classified into different categories depending upon their construction,
specification and operations. The choice of any particular machine is primarily determined by nature
of the work to be done, its size, geometry and operations to be performed. The typical classification
of milling machines on the basis of its construction is given below.

The broader classification has three categories and each category has its sub-classifications given
below:

Types of Milling Machine
The usual classification according to the general design of the milling machines is as follows: -

a. Column and knee type milling machine
i Horizontal milling machine (Plain)
ii. Universal milling machine
iii.  Omniversal milling machine
iv.  Vertical milling machine
b. Bed or manufacturing type milling machine
i.  Simplex milling machine
ii. Duplex milling machine
iii.  Triplex milling machine
c. Special type
i Rotary table milling machine
ii. Drum milling machine
iii.  Tracer controlled milling

In addition to above three types there is one more type of milling machine named as planner
type milling machine which is rarely used.

Column and Knee Type Milling Machine

Main shape of column knee type of milling machine is shown in the figure. This milling machine
consists of a base having different control mechanisms housed there in. The base consists of a
vertical column at one of its end. There is one more base above the main base and attached to the
column that serves as worktable equipped with different attachments to hold the workpiece. This
base having worktable is identified as “knee” of the milling machine. At the top of the column and
knee type milling machines are classified according to the various methods of supplying power to
the table, different movements of the table and different axis of rotation of the main spindle. These
are described in brief as below.

Head Milling Machine

In case of head milling machine feed motion is given by hand and movements of the machine
are provided by motor. This is simple and light duty milling machine meant for basic operations.

Plain Milling Machine

Plain milling machine is similar to hand milling machine but feed movement can be powered
controlled in addition to manual control.
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4.4 Principle features of horizontal

PRINCIPAL PARTS OF A MILLING MACHINE

Overarm (b) Head

=

Arbo

Colum
Workpi

Base

Generally columns and knee type milling machine is considered as typical milling machine.
Principal parts of a typical milling machine are described as below.

Base

It provides rest for all parts of milling machine including column. It is made of grey iron by
casting.

Column

It is a type of rigid vertical long box. It houses driving mechanism of spindle, table knee is also
fixed to the guide ways of column.

Knee

Knee can be adjusted at a height on the column. It houses the feed mechanism of the table and
other controls.

Saddle

Saddle is placed at the top of the knee. Saddle provides guide ways for the movement of the
table.

Table

Table rests on the saddle. It consists of ,T" shaped slots for clamping the workpiece.
Movements of the table (feed motions) are given in very controlled manner be lead screw.

Overhanging Arm

Overhanging arm is mounted on the column and serves a bearing support for the arbor. This arm
is adjustable so that the bearing support may be provided near to the milling cutter. There can be
more than one bearing supports to the arbor.

Arbor

It holds rotating milling cutters rigidly and mounted on the spindle. Sometimes arbor is supported at
maximum distance from support of overhanging arm like a cantilever, it is called stub arbor. Locking
provisions are provided in the arbor assembly to ensure its reliability.

Front Brace Milling

Front base is used to adjust the relative position of knee and overhanging arm. It is also an extra
support fixed between the knee and overhanging arm for rigidity.
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Spindle

Spindle is projected from the column face and provided with a tapered hole to accommodate
the arbor. Performance of a milling machine depends on the accuracy, strength and rigidity of the
spindle. Spindle also transfer the motive power to arbor through belt or gear from column.

Column and Knee Type Milling Machine

For general workshop the most commonly used is the column and knee type. These machines
have a single spindle only. They derive their name “Column and Knee” type from the fact that the
work table is supported on a knee like casting which can slide in a vertical direction along a vertical
column. The up and down movement of the table can accommodate work of various heights.

Main Parts
Main parts of column and knee milling machine are as follows.

(a) Base - The base of machine is a grey cast iron casting provided at the bottom of the machines. It
is accurately matching on both top and bottom of the machine surface. Column of the machine is
secured to its base and serves as a reservoir for the coolant.

(b) Column - It is a very prominent part of milling machine. The column is box shaped heavily ribbed
in side and houses all the driving mechanism for the spindle and table feed. The front vertical face of
the column is accurately machined and is provided with dovetail guide ways for supporting the
knees. Top of the column carries dovetail in horizontal ways for the over arm.

Over Arm
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Column and Knee Type Milling Machine

(c) Knee - It is the rigid casting which is capable of sliding up and down along the vertical ways on
the front face of the column. The adjustment of the height is affected by elevating screw mounted
on the base that also supports the knee. The knee houses the feed mechanism of the table and
different controls to operate it. The machine horizontal ways are provided on the top surface of the
knee for the cross traverse of the saddle and hence the table. For efficient operation of the machine,
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rigidity of the knee and accuracy of its ways play an important role. On the front face of the knee
two bolts are usually provided for securing the braces to it ensure greater rigidity under heavy loads.

Plain Milling Machine

These machines are of the column and knee type and consist of a rigid frame or box structure. It
consists of a table, a saddle and a knee. This gives three straight-line movements perpendicular to
each other. The arbor is fixed in position, and the tool rotates while the work is fed past the cutter in
a straight line. It is a useful machine for manufacturing operation involving simple, straight line cut.

Omniversal Milling Machine

4.5 Vertical and universal Milling Machine
Vertical Milling Machine
There are two types of vertical spindle milling machines.

a. Fixed bed type
b. Column and knee type.

A vertical milling machine can be distinguished from a horizontal milling machine by the
position of its spindle, which is vertical or perpendicular to the work table. The machine may be a
plain or universal type and has all the movements of the table for proper setting and feeding the
work. The spindle head which is clamped to the vertical column may be swivelled at an angle,
permitting the milling cutter mounted on the spindle to work on angular surfaces. In some machine
the spindle can be adjusted up or down relative to the work.
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Universal Milling Machine

A universal milling machine is so named because it may be adapted to a very wide range of milling
operation. A universal milling machine can be distinguished from a plain milling machine that the
table of a universal milling is mounted on a circular swivelling base which has degree graduations
and the table can be swivelled to any angle up to 450 on either side of the normal position. This is
advantageous when milling spirals. Thus in a universal milling machine in addition to three
movement as incorporated in a plain milling machine, the table may have a fourth movement when
itis fed at an angle to the milling cutter.

Omniversal Milling Machine

In this machine, the table having all the movements of a universal milling machine, and can be tilted
in a vertical plane by providing a swing arrangement at the knee. The entire knee assembly is
mounted in such a way that it may be fed in longitudinal direction horizontally. The additional
swivelling arrangement of the table enables it to machine taper spiral grooved in reamers, bevel
gears etc it is essentially a tool room and experimental shop machine

Fixed Bed Type Milling Machine

(a) Horizontal Simplex Milling Machine - These types of machines are production type machines and
are of rigid structure which yields high production of interchangeable jobs. It has got one spindle
head.

(b) Horizontal Duplex Milling Machine - Milling machines using the two spindles. For finishing two
surfaces of casting at a time.

(c) Triplex Milling Machine - Milling machines using the three spindles, two horizontal and one
vertical for finishing three surfaces of casting at a time.

Planner type Milling Machine

They are used for heavy work. Upto a maximum of four tool heads can be mounted over it, which
can be adjusted vertically and traverse directions. It has a robust and constructions like a planer.
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Special type Milling Machine

(a) Continuous Feed Rotary Milling Machine - The construction of the machine is a modification of a
vertical milling machine and adapted for machining flat surfaces at production rate. The face milling
cutters are mounted on two or more vertical spindles and a number of work pieces are clamped on
the horizontal surface of a circular table which rotates about vertical axis. The cutters may be set at
different heights relative to the work so that when one of the cutters is roughing the pieces the
other is finishing them. Operator may carry out a continuous loading and unloading of the work
pieces, while the milling is in progress.

(b) Drum Type Milling Machine - The drum type milling machine is similar to rotary table milling
machine in that its work supporting table which is called a drum, rotates in a horizontal axis. The
cutters are face mills and are usually roughing and finishing cutters similar to those of a rotary table
miller. Fixture is mounted to the drum either on each face or on the periphery. When the work is
mounted on the periphery, the operation is usually facing the two ends of the work piece to the
precise length. The finished machined parts are removed after one complete turn of the drum and
then new ones are mounted on it.
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4.6 Machining operations
Milling Operations
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Milling machines can perform various operations on different jobs by using different cutters. The
main operations are as follows:

1. Plain milling 9. End milling

2. Face milling 10. Saw milling

3. Side milling 11. Milling keyways, grooves and slots
4. Straddle milling 12. Gear cutting

5. Angular milling 13. Helical milling

6. Gang milling 14. Cam milling

7. Form milling 15. Thread milling

8. Profile milling
1. Plain Milling: The plain milling is the operation of production of a plain, fiat, horizontal surface
parallel to the axis of rotation of a plain milling cutter. The operation is also called slab milling. To
perform the operation, the work and the cutter are secured properly on the machine. The depth of
cut is adjusted by rotating the vertical feed screw of the table and the machine is started after
selecting proper speed and feed. The plain milling operation is illustrated in Fig. 1.54.
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Fig. 1.54: Plain Milling Fig. 1.55: Face Milling

Face Milling: The face milling operation is performed by a face milling cutter rotated about an axis
perpendicular to the work surface. The operation is carried in a plain milling machine, and the cutter
is mounted on a stub arbor to produce a flat surface. The depth of cut is adjusted by rotating the
cross feed screw of the table. The face milling operation is illustrated in Fig. 1.55.

Angular Milling: This operation is for the production of flat surface which is at an angle to the cutter.
In this operation angular surfaces (V-slots) are produced. V-grooves of different included angles are
produced and the angular surfaces may be machined at any angle other than 90° to the machine
spindle.
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Fig. 1.56: Angular Milling Fig. 1.57: Form Milling
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Form Milling: It is the operation of production of irregular contours by using form cutters. The
irregular contours may be convex, concave, or of any other shape. The cutting speed of form milling
is about 25% less than that of the plain milling. The cutter used called form milling cutter, will have
the shape of its cutting teeth confirming to the profile of the surface to be produced (Fig. 1.57). After
machining, the formed surface is checked by a template gauge.

Side Milling: It is the operations of production of a flat vertical surface on the side of a work-piece by
using side milling cutter. The depth of cut is adjusted by rotating the vertical feed screw of the table.
When two parallel vertical flat surfaces are required to be produced, a pair of two side milling cutter
may be used.

Straddle Milling: It is the operation of production of flat vertical surfaces on both sides of a work-
piece by using two side milling cutters mounted on the same arbor. The distance between the two
cutters is correctly adjusted by using suitable spacing collars. This process is very commonly used to
produce square and hexagonal surfaces.

Cutters
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Fig. 1.60: Gang Milling Fig. 1.61: End Milling
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Gang Milling: It is the operation of machining several surfaces of a work-piece simultaneously by
feeding the table against a number of revolving cutters having same or different diameters mounted
on the arbor, of the machine. This method saves much of the machining time and is widely used in
repetitive work. The combination of cutters may consist of only side milling cutters or of plain and
side milling cutters both. Fig. 1.60 shows Gang milling operation.

End Milling: It is the operation of production of a flat surface which may be vertical, horizontal or at
an angle in reference to the table surface. The cutter used is an end mill: The end milling cutters may
be used for milling of slots, grooves and key ways etc. A vertical milling machine is most suitable for
end milling operation.

Saw Milling: It is the operation of production of narrow slots or grooves on a work-piece by using a
saw milling cutter. The saw milling can also be performed for complete parting-off operation (Fig.
1.62). The cutter and the work-piece are set in a manner so that the cutter is directly placed over
one of the T-slots of the table.
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Fig. 1.62: Saw MillingFig. 1.63: Keyway Milling
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Milling Keyways, Grooves and Slots: The operation of production of keyways, grooves and slots of
varying shapes and sizes can be performed on a milling machine by using a plain milling cutter, a
metal slitting saw, an end mill, and by a side milling cutter. The closed slots are produced by using
end mills. A dove tail slot or a T-slot is manufactured by using special type of cutters designed to give
the required shape on the work-piece. The T-slot is produced by first milling a plain slot on the work-
piece and then the shank of the T-slot milling cutter is introduced through the first machined slot
.The second slot is cut at right angles to the first slot by feeding the work past the cutter. Figure 1.64
shows a T-slot milling operation.

A wood-ruff key is produced by using a woodruff key slot cutter. Standard keyways are cut
on shafts by using side milling cutters or end mills. The cutters are exactly, at the center line of the
work-piece and then the cut is taken. Fig. 1.63 shows the operation of cutting keyways by side
milling cutter.

Cutting Speed and Feed

Cutting speed of a milling cutter is the distance travelled pgr minute by the cutting edge of
the revolving cutter. It is measured at the circumference of the cutter and is expressed in meters per
minute.

If d mm is the diameter of the cutter and it makes N revolutions per minute, then the
distance travelled by its cutting edge in each revolution will be equal to the circumference of the
cutter, i.e.,=pd mm.

If it makes N r.p.m. (revolutions per minute), then the total distance travelled per minute
will

be equal to pdN mm, and the cutting speed, v = pdN/1000m per minute.
Hence, v=pDN/1000 m/min

From the expression 1.1 it is clear that the cutting speed various directly as the diameter and r.p.m.
of the cutter.

Example 1.1:A milling cutter, 100 mm diameter, runs at 280 r.p.m. calculate its cutting speed.
Solution: Given — d= 100 mm, N= 280 rp.m, then, v="?

pdN 22 100 280
\ Required cutting speed,v= — 88m/min.Ans.
1000 71000

Feed: For the milling machine, the feed is defined as the rate with which the work-piece advances
under the cutter. For the milling machine the feed is expressed in the following three ways:

Feed Per Minute (Sm): It is defined by the distance the work advances in one minute.; It is expressed
in millimeters per minute.

Feed Per Cutter Revolution (Srev): It is the distance the work advances in the time when the cutter
turns through one complete revolution. It is expressed in millimeters per revolution of the cutter.

Feed Per Tooth (Sz): It is defined by the distance the work advances in the time between
engagements by the two successive teeth. It is repressed in millimeters per tooth of the cutter.

The feed per tooth, the feed per cutter revolution, and the feed per minute are related following by
the g formula:

Sm=nxSrev=Szxzxn
where, Z = Number of teeth in the cutter, and

N = The cutter speed in rp.m.
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Depth of Cut: In the milling operation, the depth of cut is the thickness of the material removed in
one pass of the work under the cutter. It is the perpendicular distance measured between the
original and the final surface of the work-piece and is expressed in mm.

4.7 Types of cutters

The milling cutters are revolving tools having one or several cutting edges of identical form equally spaced
on the circumference of the cutter. The cutting elements are called teeth which intermittently engage the
work-piece and remove material by relative movement of the work-piece and cutter. Milling cutters may
be classified as:

1. According to the constructional features of the cutter:
(@) Solid cutter
(b) Tipped solid cutter
(c) Inserted teeth cutter
2. According to the relief characteristics of the cutter teeth:
(@) Profile relieved cutter
(b) Form relieved cutter
3. According to the methods of mounting the cutter:
(@) Arbor type cutter
(b) Shank type cutter
(c) Facing type cutter
4. According to the direction of rotation of the cutter:
(a) Right hand rotational cutter
(b) Left hand rotational cutter
5. According to the direction of helix of the cutter teeth:
(a) Parallel or straight teeth cutter
(b) Right hand helical cutter
(c) Left hand helical cutter
(d) (d) Alternate helical teeth cutter
6. According to purpose or use of the cutter:
(a)Standard milling cutter
(b)Special milling cutter
Solid Cutter: A solid cutter has teeth integral with the cutter body. The cutters are of smaller diameter
and width and made of one piece material usually of high speed steel.

Tipped Solid Cutter: A tipped solid cutter is similar to a solid cutter, except that the cutter teeth are
made of cemented carbide or satellite tips which are brazed on the tool shanks of an ordinary tool
steel cutter body to reduce the cost of the cutter.

Inserted Teeth Cutter: In large milling cutters, the teeth or blades are inserted or secured in a body of
less expensive materials. The blades are usually held in the cutter body by mechanical means. This
arrangement reduces the cost of the cutter and enables economy in maintenance, as a single tooth if
broken can be readily replaced

Profile Relieved Cutter: In this category of milling cutters, a relief to the cutting edges is provided by
grinding a narrow land at the back of the cutting edges. The profile relieved cutters generate flat,
curved or irregular surfaces.

Form Relieved Cutter: In this category of milling cutters a curved relief is provided at the back of the
cutting edges. The cutters are sharpened by grinding the faces of the teeth. The form relieved cutters
are mainly used for generating formed or contoured surfaces.

Arbor Type Cutter: The arbor type cutter is provided with a central hole having a keyway for mounting
them directly on the milling machine arbor. Milling cutters having tapered or threaded holes are also
available. They are mounted on arbors of different designs.
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Shank Type Cutter: The shank type cutters are provided with straight or tapered shank integral with
the cutter body. The straight or tapered shanks are inserted into the spindle nose and are clamped to it
either by friction or by a draw bolt.

Facing Type Cutter: The facing type cutters are either bolted or attached directly to the spindle nose,
or secured on the face of a short arbor called stud arbor. The facing type cutters are mainly used to
produce flat surface.

Right Hand Cutter: A milling cutter is designated as a right hand cutter which rotates in an
anticlockwise direction when viewed from the end of the spindle. Fig.1.23 shows a right hand.

Standard Milling Cutters: There are many different types of standard milling cutters. They
are classified below:

1. Plain milling cutters 9. Fly cutter

2. Side milling cutters 10. Formed cutters

3. Metal slitting saws (a) Convex and concave milling cutters
4. Face milling cutters (b) Corner rounding milling cutters

5. Angle milling cutters (c) Gear cutter

6. End milling cutters (d) Thread milling cutter

7. T-slot milling cutters 11. Tap and reamer cutter

8. Woodruff key slot milling cutter

1. Plain Milling Cutters: Plain milling cutters are cylindrical in shape and have teeth on the
circumferential surface only. The cutters are intended for the production of flat surfaces parallel to the
axis of rotation of the spindle. The cutter teeth may be straight or helical according to the size of the
cutter. Fig.l.24 illustrates a straight teeth plain milling cutter. Very wide plain milling cutters are termed
as slabbing cutter Fig. 1.25. These cutters have nicked teeth. The nicks are uniformly distributed on the
entire periphery of the cutter. The object of the nicks is to break the chips and enable the cutter to take a
coarse feed. The plain milling cutters are available in diameters from 16 to 160 mm and the width of
the cutters range from 20 to 160 mm. Fig.1.26 illustrates a helical plain milling cutter.

Fig. 1.24: Plain Milling Cutter

Fig. 1.26: Helical Plain Milling Cutter
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The light duty plain milling cutters have face width less than 20 mm and are made with straight
teeth parallel to the axis. The wider cutters are made with helical teeth, with helix angle of less than 25°.
These are relatively fine tooth cutters.

The heavy duty plain milling cutters are wider cutters and are used for heavy duty work. The helix
angle of the teeth ranges from 25 to 45°. The cutters have fewer teeth on the periphery and that
increases chip space permitting them to take deeper cuts. They are also sometimes called coarse tooth
milling cutters.

The helical plain milling cutters Fig. 1.26 have further coarse pitch and the helix angle of the teeth
ranges from 45 to 60°. The cutter is useful in profile milling work due to its smooth cutting action and is
adapted for taking light cuts on soft steel or brass and where wide surfaces are to be maintained.

2. Side Milling Cutter: Side milling cutters have teeth on its periphery and also on one or both of
its sides. The side milling cutters are intended for removing metals from the side of a work. Figure 1.27,
illustrates a side milling cutter. The side milling cutters are available from 50 to 200 mm in diameter and
the width of the cutter ranges from 5 to 32 mm.

Plain side milling cutters have straight circumferential teeth and have side teeth on both of its
sides. Two or more such cutters may be mounted on the arbor and different faces of the work-piece
may be machined simultaneously.

Staggered teeth side milling cutters have alternate teeth with opposite helix angle. This design
of the cutter teeth increases the chip space to a great extent. The cutter is suitable for milling deep,
narrow slots or key ways on work-pieces. Fig. 1.28 illustrates a staggered teeth side milling cutter.

Face cutter

Fig. 1.27: Side Milling Cutter

Half side milling cutters have straight or helical teeth on its circumferential surface and on
one of its sides only. The peripheral teeth do the actual cutting, whereas the side teeth size and finish
the work. While straddle milling, when two half side milling cutters are mounted on the arbor at a
fixed distance apart to mill the two end faces of the work simultaneously, the cutter are chosen with
one having right hand helical teeth and the other having left hand helix to counter— balance the end
thrust on the arbor.

Interlocking side milling cutters are formed out of two half side milling cutters or two
staggered teeth side milling cutters which are made to interlock to form one unit. The teeth of the two
cutters may be plain or of alternate helix. The paths of the teeth overlap when the cutters are used for
milling wider slots of accurate width. The width of the cutter may be varied by inserting spacers of
suitable thickness between the two halves of the cutter. This feature enables the cutter to maintain an
accurate width even after repeated sharpening. The width of the cutter ranges from 10 to 32 mm
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with a possible adjustment to the maximum of 4 mm. The cutters are available in diameters
ranging from 50 to 200 mm.

Fig. 1.28: Staggered Teeth Side Milling Cutter Fig. 1.29: Metal Slitting Saw

The staggered teeth metal slitting saws resemble a staggered teeth side milling cutter, but the width
of the cutter is limited to 6.5 to 7 mm. The cutter is used for heavy sawing in steel.

3. Metal Slitting Saws: Metal slitting saws resemble a plain milling cutter or a side milling
cutter in appearance but they are of very small width. The cutters are used for parting-off
operation or for slotting. Fig. 1.29. illustrated a metal slitting saw.

The plain metal slitting saws are thinner in construction and the width of the cutter is limited to 5
mm. The side of the cutter is relieved in order that the side faces may not rub against the work.

4. Face Milling Cutters: These cutters are made in two common forms. The smaller type
almost resembles a shell end milling cutter and is known as Shell-type face milling cutter (See Fig.1.30)
it carries teeth on the periphery as well as the end face. Maximum cutting is done by the teeth on
the periphery and those on the end face perform a type of finishing operation. The larger type of
cutter, called the built-up face milling cutter, consists of a steel body, along the periphery on which
are inserted the cutting teeth. The former type is used for small work whereas the latter for larger
surfaces. The shell-type cutter is usually held in a stub arbor and the larger type can be mounted
directly on the spindle nose.

5. Angle Milling Cutters: Angle milling cutters are made as single or double angle cutters and
are used to machine angles other than 90°. The cutting edges are formed at the conical surface around
the periphery of the cutter.

Fig. 1.30: Shell Type Face Milling Cutter

The single angle milling cutter illustrated in Fig. 1.31 has teeth on the conical or angular face
of the cutter and also on the large flat side. The angle of the cutter is designated by the
included angle between the conical face and the large flat face of the cutter. The cutters having
different included angles of 30°, 45°, 60°. 65°, 70°, 75°, 80° and 85° degrees are available with
diameter of 50 mm and width of 12 mm. There are another set of cutters having the same range of
included angle, but the diameter of the cutters is 63 mm and width 28mm. There is a third set of
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cutters having included angle of 78,75 and 80 degrees, all having 63 mm in diameter and 28 mm in
width.

Fig. 1.32: Double Angle Cutter Fig. 1.31: Single Angle Cutter

The double angle milling cutters (Fig. 1.32), teeth with both conical surfaces at an angle to their
end faces. The angle of teeth may not be symmetrical with respect to a plain a right angles to the
cutter axis. The unsymmetrical double angle cutters are available in diameters of 50, 63, 80, and 100
mm and their width varies from 12 to 36 mm. The cutters are available in different included angles of
55°, 60°, 65°, 70°, 75°, 80°, 85°, 90°, and 100° degrees. The equal angle cutters are available in diameters
from 56 to 100 mm having width ranging from 10 to 28 mm. The included angle of the cutter may be
45°, 60° or 90°. The double angle milling cutters are mainly used for cutting spiral grooves on a piece
of blank.

6. End Milling Cutters: These are solid circular cutters which are manufactured in two
different varieties; those having shank and the others which do not have the shank. They carry teeth
on the periphery as well as on the end. These teeth may be straight i.e., parallel to the axis of
rotation, or helical as in slab milling cutters. Helical teeth may be right hand or left hand. End milling
cutters are used for milling slots, keyways, grooves and irregular shaped surface. Shank type end mills
may have either taper shank or straight shank and are available in a wide range of diameters from
3 mm to 50 mm. Shank type end mills are either mounted directly on the spindle, or held in collets
(straight shank type mills only) or in an adaptor. The following are the main classifications of these
mills:

Common type: These milling cutters carry multiple teeth on their periphery and also on
the end. The teeth may be straight or helical; the former type is, however, available in
small sizes only, say below 8 mm dia. A typical design of this type is shown in Fig. 1.33

ST

Fig. 1.33: Common Type End Milling Cutter

Two-lipped end mill: These milling cutters are also known as slotting mills. These cutters have two
straight or helical teeth on the periphery and the corresponding two teeth on the end, which meet at
the end centre. The main advantage of these cutters is that they can be fed straight into the metal like
a drill and then fed longitudinally to produce a groove of desired length and depth. Also, they can be used
for taking heavy cuts in solid stock. These cutters may have either a straight shank or a taper shank.
The latter type is however, more commonly used Fig. 1.34

- S

Fig. 1.34: Two-lipped Taper Shank End Milling Cutter

Shell end milling cutters: These cutters are larger and heavier than most of the other types of end
mills. They have teeth on the periphery and the end both. Generally they are made in over 50 mm size
(diameter). The end face of these cutters is provided with a recess to receive a cap screw. They are held in
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a stub arbor, shown in Fig. 1.35. Two slots are made across the back of the cutter, which engage the
collar keys of the arbor to get the drive. Generally helical teeth are provided on these cutters. These
teeth may be right hand or left hand. These cutters are employed for heavy duty work. Milling of flat
surfaces, using the end or face, and cutting slots, etc. are the common operations performed by them. The

former operation is called facing.
T - 5

y | .

Fig. 1.35: Shell-end Milling Cutter

7. T-slot-Milling Cutter: It is a single operation cutter which is used only for cutting T-slots. In
smaller sizes it is made to have the shank integral with the cutter, as shown in Fig. 1.36. Large size cutters
are mounted on a separate shank. In operation, the narrow groove at the top is first milled by means of
a slotting cutter or end milling cutter. The T-slot milling cutter is then employed for milling the wider
grooye. The thin neck provided between the shank and the cutter. It facilitates an unhindered movement
of the cutter through the upper groove as the cut proceeds.

Fig. 1.36: T-slot Milling Cutter

8. Woodruff-key Slot Milling Cutter: It is a small type of end milling cutter which resembles with
plain and side mills. Smaller sizes, say up to 50 mm diameter, and are made to have solid shank, to be
fitted in the machine spindle, whereas the larger sizes are provided with a hole for mounting the same
on an arbor. Smaller sizes generally have straight teeth on the periphery with the sides having a little
clearance. Larger sizes are usually made to have staggered teeth both on the periphery as well as the
sides. A small size woodruff-key milling cutter is illustrated in Fig. 1.37.

Tool

Arbor
/

Clamping screw

Fig. 1.37: Woodruff Key-seat Cutter  Fig. 1.38: Fly Cutter

9. Fly Cutter: The fly cutters are simplest form of cutters and are mainly used in experimental shops
or in tool room works. The cutter consists of a single point cutting tool attached to the end of an
arbor. The cutting edge may be formed to reproduce contoured surface. The cutter may be considered
as an emergency tool when the standard cutters are not available. A fly cutter is shown in Fig. 1.38.

METAL CUTTING & MACHINE TOOLS Page 16

www.Jntufastupdates.com



10.Formed Cutter: Formed cutters have irregular profiles on the cutting edges in order to
generate an irregular outline of the work. The different types of standard formed cutters are
described below:

i.  Convex milling cutter: The convex milling cutters have teeth curved outwards on the
circumferential surface to form the contour of a semicircle. The cutter produces a concave
semicircular surface on a work-piece. The diameter of the cutter ranges from 50 to 125 mm
and the radius of the semicircle varies from 1.6 to 20 mm. Fig. 1.40 illustrates a convex
milling cutter.

ii. Concave milling cutter: The concave milling cutters have teeth curved inwards on the
circumferential surface to form the contour of a semicircle. The concave milling cutters
produce a convex semicircular surface on a work-piece. The diameter of the cutter ranges
from 56 to 110 mm and the radius of the semicircle varies from 1.5 to 20 mm. Fig. 1.39
illustrates a concave milling cutter.

Fig. 1.39: Concave utter Fig. 1.40: Convex cutter

iii.  Corner rounding cutters: These cutters are used for milling the edges and corners of the
jobs to a required radius. They are manufactured separately as single cutters or double
cutters. Single cutters may be right hand (Fig. 1.41) or left hand (Fig. 1.42) The double cutter
(Fig. 1.43) has a combination of both right hand and left hand in a single unit.

Fig. 1.41: R.H. Corner  Fig. 1.42: L.H. Corner  Fig. 1.43: Double Rounding Rounding Cutter
Rounding Cutter Cutter

iv. Gear cutters:They are also designed as involute gear cutters. They are used for milling gear
teeth on a milling machine. The two common grades are roughing and finishing, shown in
Figs.1.44 and 1.45 respectively.

The gear cutters have formed cutting edges which reproduce the shape of the cutter teeth on the
gear blank. The shape of the cutter teeth may be involute or cycloid, according to the gear tooth
profile. The cutter tooth profile should be differently.

METAL CUTTING & MACHINE TOOLS Page 17

www.Jntufastupdates.com



Fig. 1.44: Form Relieved Gear Cutter (roughing)Fig. 1.45: Form Relieved Gear Cutter (Finishing

V. Thread milling cutters: These are also formed cutters used for milling different types of
threads, mostly for worms and acme type threads. These cutters can be single or multi-teeth. The
included angle of the cutting teeth will correspond to the angle of the threads to be produced.
Generally, worms and acme threads are produced by thread milling cutters. The cutters may
have parallel or taper shanks. The parallel shank thread milling cutters shaped for each pitch of
the gear and also for each change in number of teeth on the gear which it is going to cut. But
in practice a compromise is affected by using one cutter to cover a range of gear sizes. Thus
for cutting gear teeth of involute profile, 8 numbers of cutters are required to cut f om a
pinion of 12 teeth to a rack and for cycloidal tooth profile 24 cutters are used for cutting
different numbers of gear teeth.

11.Tap and Reamer Fluting Cutters: These formed cutters are used for milling flutes on reamers
and taps. In appearance, they look like double angle cutters, such that their two inclined faces meet to
form a rounded corner. A typical tap and reamer fluting cutter is shown in Fig. 1.47.

O

(i) Single Cutter(ii) Multi Teeth-Cutter
Fig. 1.46: Thread Milling Cutter Fig. 1.47: Tap and Reamer Flutting Cutter.

4.8 Geometry of milling cutters

Culting edge
Refief angle

Fig. 3.89 Elements of a plain milling cutter
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Small end mill with ball like hemispherical end is often used in CNC milling machines for
machining free form 3-D or 2-D contoured surfaces. These cutters may be made of HSS, solid carbide
or steel body with coated or uncoated carbide inserts clamped at its end as can be seen in the Fig.
3.88.

4.9 Elements of a plain milling cutter
The major parts and angles of a plain milling cutter are illustrated in Fig. 3.89.

Body of cutter: The part of the cutter left after exclusion of the teeth and the portion to which the
teeth are attached.

Cutting edge: The edge formed by the intersection of the face and the circular land or the surface
left by the provision of primary clearance.

Face: The portion of the gash adjacent to the cutting edge on which the chip impinges as it is cut
from the work.

Fillet: The curved surface at the bottom of gash that joins the face of one tooth to the back of the
tooth immediately ahead.

Gash: The chip space between the back of one tooth and the face of the next tooth.

Land: The part of the back of tooth adjacent to the cutting edge which is relieved to avoid
interference between the surface being machined and the cutter.

Outside diameter: The diameter of the circle passing through the peripheral cutting edge.
Root diameter: The diameter of the circle passing through the bottom of the fillet.

Cutter angles: Similar to a single point cutting tool, the milling cutter teeth are also provided with
rake, clearance and other cutting angles in order to remove metal efficiently.

Relief angle: The angle in a plane perpendicular to the axis. The angle between land of a tooth and
tangent to the outside diameter of cutter at the cutting edge of that tooth.

Lip angle: The included angle between the land and the face of the tooth, or alternatively the angle
between the tangent to the back at the cutting edge and the face of the tooth.

Primary clearance angle: The angle formed by the back of the tooth with a line drawn tangent to the
periphery of the cutter at the cutting edge.

Secondary clearance angle: The angle formed by the secondary clearance surface of the tooth with a
line drawn tangent to the periphery of the cutter at the cutting edge.

Rake angle (Radial): The angle measured in the diametral plane between the face of the tooth and a
radial line passing through the tooth cutting edge. The rake angle which may be positive, negative or
zero is illustrated in Fig. 3.90.

.
Positive rake angle Negative rake angle Zero rake angle

Fig. 3.90 Three types of rake angle of a plain milling cutter
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410 Indexing

Indexing is the operation of dividing the periphery of a workpiece into any number of equal
parts. The indexing operation can be adapted for cutting gears, ratchet wheels, keyways, fluted
drills, taps and reamers. The indexing head serves as an attachment for holding and indexing the
work in doing the above tasks.

For example if we want to make a hexagonal bolt. Head of the bolt is given hexagonal shape.
We do indexing to divide circular workpiece into six equal parts and then all the six parts are milled
to an identical flat surface. If we want to cut “n™ number of teeth in a gear blank. The circumference
of gear blank is divided into ,,n" number of equal parts and teeth are made by milling operation one
by one.

4.10.1 Indexing heads
The main component used in indexing operation is universal dividing head.
There are three different types of indexing heads namely

1. Plain or simple dividing head
2. Universal dividing head
3. Optical dividing

4.10.1.1 Plain Dividing Head

A plain dividing head has a fixed spindle axis and the spindle rotates only about a horizontal
axis.

4.10.1.2 Universal Dividing Head

It is most popular and common type of indexing arrangement. As indicated by its name
“universal”, it can be used to do all types of indexing on a milling machine. Universal dividing head
can set the workpiece in vertical, horizontal, or in inclined position relative to the worktable in
addition to working principle is explained below with the help of illustration in Figure. The worm
gear has 40 teeth and the worm has simple thread. Crank is directly attached with the worm. If we
revolve crank by 40 revolutions the spindle attached with worm gear will revolve by only one
revolution and one complete turn of the crank will revolve the spindle only by 1/40th revolution
(turn). In order to turn the crank precisely a fraction of a revolution, an indexing plate is used. An
indexing plate is like a circular disc having concentric rings of different number of equally spaced
holes. Normally indexing plate is kept stationary by a lock pin. A spring loaded pin is fixed to the
crank which can be fixed into any hole of indexing plate. The turning movement of the workpiece is
stably controlled by the movement of crank as explained below.

4.10.1.3 Optical indexing head

These models are used for high precision angular setting of the work piece with respect to
the cutter. For reading the angles, an optical system is built into the dividing head.
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4.10.2 Index Head Parts
4.10.2.1 Construction of Indexing Head

Womm gear

Spindle

Centre

Worm

Wom shaft

Handle

Concentric
hole circles

Sector arms

Index
plate

Crank pin

Construction ofIndex Head

Base —The base of the indexing head is fitted in the ‘T’ — slots of the milling machine table. It
supports all the other parts of dividing head.

Spindle — The spindle is situated at the centre of the dividing head. It has a taper hole to receive a
live center. The spindle is supported on a swiveling block, which makes the spindle to be tilted
through any angle from 52 below horizontal to 102 beyond vertical. A worm wheel is mounted on
the spindle. While doing direct or rapid indexing, the index plate is directly fitted on the front end of
the spindle nose.

Worm shaft - It is situated at right angles to the main spindle of the dividing head. A single threaded
worm is mounted on the worm shaft, which meshes with the worm wheel. An index plate is fitted on
the front end of the worm shaft and with the help of a handle the worm shaft can be rotated to a
predetermined amount.

Index plate — It is mounted on the front end of the worm shaft. It is a circular disk having different
numbers of equally spaced holes arranged in concentric circles. The crank is positioned in the
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required hole circle and rotated through a calculated amount while indexing. The sector arm is used
to eliminate the necessity of counting the holes on the index plate each time the index crank is
moved.

Index plate

Spindle .
Index head Tailstock

= . /_

3>E__q ...... -3@ i

LTI I 77T I/l T I 777l il 7777777777 777777

Index Head

Driven shaft — It is parallel to the spindle and perpendicular to the worm shaft.

Dead center — The work is held between the center of the spindle and the dead center. It can be
made to slide and positioned at the required location.

Working Principle of Dividing Head

When the crank is rotated with help of a handle through the required number of holes in the index
plate, the work is rotated to required amount. This is possible because of the worm and worm wheel
mechanism.

A gear train is arranged between the main spindle and the driven shaft when indexing is done by
differential indexing method. The work is rotated as usual when the handle is rotated. At the same
time, the index plate is also made to rotate a small amount through the gear train. When indexing is
by this differential indexing method, the index plate is released from the lock pin.

4.10.3 Methods of indexing
There are several methods of indexing and they are

1. Direct or rapid indexing

2. Plain or simple indexing

3. Compound indexing

4. Differential indexing

5. Angular indexing
4.10.3.1 Direct Indexing

It is also named as rapid indexing. For this direct indexing plate is used which has 24 equally
spaced holes in a circle. It is possible to divide the surface of workpiece into any number of equal
divisions out of 2, 3, 4, 5, 6, 8, 12, 24 parts. These all numbers are the factors of 24.

In this case first of all worm and worm wheel is disengaged. We find number of holes by which
spring loaded pin is to be moved. If we want to divide the surface into 6 parts than number of holes
by which pin is to be moved= 24/N for 6 parts N = 6.
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4.10.3.2 Simple Indexing

It is also named as plain indexing. It over comes the major limitation of direct indexing that is
possibility of dividing circumference of workpiece into some fixed number of divisions. In this case
worm and worm gear is first engaged. So one milling complete turn of indexing crank revolves the
workpiece by 1/40"revolution.

Three indexing plates are used. These plates have concentric circles of holes with their different
numbers as described below:

PlateNo.1 | 15 | 16 | 17 | 18 | 18 | 19

PlateNo.2 | 21 | 23 | 27 | 29 | 31 | 33

PlateNo.3 | 37 | 39 | 41 | 43 | 47 | 49

Indexing Procedure

Divide 40 by the number of divisions to be done on the circumference of work piece. This gives
movement of indexing crank.

Indexing crank movement = 40/N
N is the number of divisions to be made on the circumference of work piece.

(b) If the above number is a whole number, then crank is rotated by that much number of
revolutions after each milling operations, till the completion of the work.

For example, if we want to divide the circumference into 10 number of parts.
Indexing crank movement =40/4=4 revolutions.

That is the indexing crank is given 4 revolutions after each of milling operation for 9 more milling
operations.

(c) If indexing crank movement calculated by 40/N is not whole number, it is simplified and then
expressed as a whole number and a fraction.

(d) The fractional part of the above number is further processed by multiplying its denominator and
numerator by a suitable common number so that the denominator will turn to a number equal to
any number of holes available on the any of indexing plates.

(e) That particular holes circle is selected for the movement of crank pin.

(f) The numerator of the process fraction stands for the number of holes to be moved by the
indexing crank in the selected hole circle in addition to complete turns of indexing crank equal to
whole number part of 40/N

4.10.3.3 Compound indexing

When the available capacity of the index plates is not sufficient to do a given indexing, the
compound indexing method can be used. First, the crank is moved in the usual fashion in the
forward direction. Then a further motion is added or subtracted by rotating the index plate after
locking the plate with the plunger. This is termed as compound indexing. For example, if the indexing
is done by moving the crank by 5 holes in the 20 hole circle and then the index plate together with
the crank is indexed back by a hole with the locking plunger registering in a 15 hole circle as shown
in Fig. 3.68.

Then the total indexing done is =i.e., 11 holes in a 60 hole circle. Unfortunately the 60 hole
circle is not available in the range of index plates. Similarly it is possible to have the two motions in
the same direction as well. In this, the total indexing will be + =i.e., 19 holes in a 60 hole circle.
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Index crank
‘¢s‘ movement

151617181920
Fig. 3.68 An example of compound indexing
4.10.3.4 Differential indexing

This is an automatic way to carry out the compound indexing method. In this the required
division is obtained by a combination of two movements. The movement of the index crank is similar
to the simple indexing. The simultaneous movement of the index plate, when the crank is turned.
Fig. 3.69 schematically shows the arrangement for differential indexing.

Worm gear
Change gear

Tail stock (or) Dead centre

__ b

Change gear\

Change gear

Spindie

Carrier

Worm shaft

Bevel gear Y /— Body of the dividing head

Bevel gear
Lock pin

Index plate

Index crank

Spring loaded pin (Plunger)

Fig. 3.69 Arrangement for differential indexing

In differential indexing, the index plate is made free to rotate. A gearis connected to the
back end of the dividing head spindle while another gear is mounted on a shaft and is connected to
the shaft of the index plate through bevel gears as shown in Fig.3.69. When the index crank is
rotated, the motion is communicated to the work piece spindle. Since the work piece spindle is
connected to the index plate through the intermediate gearing as explained above, the index plate
will also start rotating. If the chosen indexing is less than the required one, then the index plate will
have to be moved in the same direction as the movement of the crank to add the additional motion.
If the chosen indexing is more, then the plate should move in the opposite direction to subtract the
additional motion.

The direction of the movement of the index plate depends upon the gear train employed. If
an idle gear is added between the spindle gear and the shaft gear in case of a simple gear train, then
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the index plate will move in the same direction to that of the indexing crank movement. In the case
of a compound gear train an idler is used when the index plate is move in the opposite direction. The
procedure of calculation is explained with the following example.

The change gear set available is 24 (2), 28, 32, 40, 44, 48, 56, 64, 72, 86 and 100.
4.10.3.5 Angular indexing

Sometimes it is desirable to carry out indexing using the actual angles rather than equal
numbers along the periphery. Here, angular indexing would be useful. The procedure remains the
same as in the previous cases, except that the angle will have to be first converted to equivalent
divisions. Since 40 revolutions of the crank equals to a full rotation of the work piece, which means
3600, one revolution of the crank is equivalent to 90. The formula to find the index crank movement
is given below.

Index crank movement = Angular displacement of work (in degrees) / 9
= Angular displacement of work (in minutes) / 540
= Angular displacement of work (in seconds) / 32400

Example 3.5: Calculate the indexing for 41°.
Indexing required = % =5 g
This can be done as follows using the Brown and Sharpe plates.
Four full rotations + 10 holes in 18 hole circle in plate No. 1.

Example 3.6: Calculate the indexing for 190 40°.

19°40’ = (19 x 60) + 40 = 1140 + 40 = 1180
Indexing required = % == ;_3 == %1 =2 g
This can be done as follows using the Brown and Sharpe plates.
Two full rotations + 5 holes in 27 hole circle in plate No. 2
4.11  Accessories to milling machines
1.5 Milling Machine Accessories: Cutter Holding Devices

There are several methods of supporting and rotating milling cutters with the machine spin
depending on the different designs of the cutters. The following are the different devices for holding
and rotating cutters.

Arbor is an accurately made shaft. One end has a taper which fits into a corresponding taper the
machine spindle (Fig. 1.9a) Arbor is designed to hold rotary milling cutters. Arbor is held y in place by
tightening the drawbar.

The arbors used on milling machines are mainly of two types: (1) the long supported arbor;
and (2) the stub arbor. The former is also known as standard arbor and is relatively larger than the
latter type (Fig. 1.9d) It is provided with a set of spacing collars, which help in adjusting the position
of the cutter or the distance between cutters when more than two cutters are mounted
simultaneously.

A large number of such collars, usually ranging from 1 mm to 50 mm in width, are supplied
with the machine, In addition to these, two or three collars of relatively larger diameter are also
supplied, which act as bearing sleeves when the arbor is supported in the yokes or arbor supports.
The slots provided on the flange of the arbor engage the driving dogs of the spindle. A key runs for
the whole length of the arbor, which fits in the corresponding key-way in the cutter to provide a
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positive drive. Rear end of the shank carries internal threads in which enters the threaded front end
of the draw bar. Stub arbors are used to hold face and side milling cutters, which do not need a large
overhang.

Collets: A milling machine collet is a form of sleeve bushing for reducing the size of the taper hole at
the nose of the milling machine spindle so that an arbor or a milling cutter having a smaller shank
than the spindle taper can be fitted into it; Fig. 1.10 illustrated a milling machine collet.

AR

Fig. 1.10: Milling Machine Collet

Adapter: An adapter is a form of collet used on milling machine having standardized spindle end.
Cutters having shanks are usually mounted on adapters. An adapter can be connected with the
spindle by a draw bolt or it may be directly bolted to it. Fig.1.11 illustrates a milling machine adapter.

Fig. 1.11: Milling Machine Adapter

Spring Collets: Straight shank cutters are usually held on a special adapter called "spring
collet" or "spring chuck". The nose end of the adapter is tapered and threaded for a small distance
and also split by three equally spaced slots. The cutter shank is introduced in the cylindrical hole
provided at the end of the adapter and then the nut is tightened. This causes the split jaws of the
adapter to spring inside, and grip the shank firmly. Fig. 1.12 shows a spring collet.

Threaded end for draw bolt

Collet bOd_\' Nut Adaptcr

4
% / Endmill
y

- —_—

Fig. 1.12: Spring Collet

Bolted Cutters: The face milling cutters of larger diameter having no shank are bolted directly on the nose
of the spindle. For this purpose four bolt holes are provided on the body of the spindle. This arrangement of
holding cutter ensures utmost rigidity. Fig. 1.13, illustrates a face milling cutter bolted on the spindle. The
face milling cutter can also be mounted on the spindle by a face milling arbor or a quick change adapter.
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Fig. 1.13: Bolted Cutter

Screwed on Cutters: The small cutters having threaded holes at the centre are screwed on the
threaded nose of an arbor which is mounted on the spindle in the usual manner. The cutter threads
may be right hand or left hand depending on the direction of rotation of the cutter so that the cutter
may not come off the arbor during the cut. Fig. 1.14 shows a screwed on cutter.

Threaded arbor C“‘{i’

\
=i | N

Fig. 1.14: Screwed on Cutter

Vices: Vices are the common devices used for holding the work on milling machines. The common types
of the vices used are the following:

1. Plain Machine vice 4. Vertical vice
2. Swivel vice 5. Precision angle vice
3. Universal swivel vice 6. Compound vice
1. Plain Machine Vice: Shown in Fig. 1.15, it is the most widely used form of all the above six. It

consists of a solid cast base, carrying a fixed jaw at one end and an elevated projection at the other.
The latter carries internal threads and acts as a nut for the screwed spindle which, while rotating in
it, moves the movable jaw. It is commonly employed for holding the work in all plain milling
operations, which involve heavy cuts, such as in slab milling. Its especially low construction enables
the work to remain quite close to the table and, thus, reduces the chances of vibrations to a
minimum. The base carries slots to accommodate T-bolts to fix the vice on the table.

2. Swivel Vice: It consists of a swivel base, on which is mounted the body, which can be
clamped in any angular position by means of the clamping bolts. The graduated plate provided on
the swivel base helps in adjusting the body at any desired angle relative to the base. The upper
construction is similar to that of a plain vice. A vice of this type is shown in Fig. 1.16. This vice
facilitates milling of an angular surface on the work- piece without distributing its setting. The
clamping bolts operate in a circular T-slot provided in the base.

3. Universal Machine Vice: Shown in Fig.1.17, it enables milling of various surfaces, at an
inclination to one another, without removing the work-piece from the same. The vice, apart from
being swiveled in a horizontal plane, can also be tilted vertically to be set at a desired angle and can,
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thus, be adopted for milling of compound angles. It is vastly used in tool room work and should not
be used where heavy cuts are to be employed as it does not have required clamping rigidity.

Circular Table

It is also called the circular milling attachment and is employed for indexing as well, as providing
continuous rotary motion to the work. It can be either manually operated or power driven. It consists
of a heavy base which is secured to the machine table by means of T-bolts.

Rotary motion to the table is provided by rotating the hand wheel (Fig. 1.18), which operates the
worm wheel at the bottom of the circular table, through a worm provided on the shaft on which this hand
wheel is mounted. The work-piece can be mounted on the table either directly by means of clamps and
bolts or held in a vice clamped to the table.

Dividing or Indexing Head

The dividing heads are used for dividing the periphery of the work-piece into a desired number
of equal parts, i.e. indexing the work-piece through a certain angle automatically after every operation,
thus enabling the setting of job in a new angular position in relation to the cutter. The two common
types of dividing heads are:

1. Plain dividing head.
2. Universal dividing head.
3. Optical Dividing head

Detailed description of these attachments will be given later on in the article or indexing, hence omitted
here.

Milling Machine Attachments: The attachments are standard or special auxiliary devices intended to be
fastened to or joined with one or more components of the milling machine for the purpose of
augmenting the range, versatility, productivity or accuracy of operation. Some classes of milling
machine attachments are used for positioning and driving the cutter by altering the cutter axis and speed,
whereas other classes are used for positioning, holding and feeding the work along a specified
geometric path. The following are the different attachments used on standard column and knee type
milling machine.

Circular Milling Attachment: A circular milling attachment or a rotary table is a special work holding device
which is bolted on the top of the machine table. It provides rotary motion to the work-piece in addition
to the longitudinal, cross and vertical movements of the table. The attachment consists of a circular table
having T-slots mounted on a graduated base. The circular table maybe rotated by hand, and in special
cases by power by linking the rotary table driving mechanism with the machine lead screw. The
driving mechanism of a circular milling attachment consists of a vertical shaft which is keyed to a
worm gear fitted with the circular table. A horizontal worm meshes with the worm gear and imparts
rotary movement to the table when the worm is rotated. The surface of any profile of a work-piece
can be generated by combining three or four movements of the table and rotary movement of the
attachment. In some of the circular milling attachments an index plate is provided on the horizontal
worm shaft for milling equally spaced slots or grooves on the periphery of a work-piece.

Dividing Head Attachment: A dividing head attachment is also a special work holding device
which is bolted on the machine table. The work may be mounted on a chuck fitted on the dividing
head spindle or may be supported between a live and a dead centre. The dead center is mounted on
a foot stock as in a lathe tail stock that is bolted on the machine table after correctly aligning its
spindle axis with the dividing head spindle. The attachment is principally used for dividing the
periphery of a work-piece in equal number of divisions for machining equally spaced slots or
grooves. The worm and worm gear driving mechanism of the attachment can be linked with
the table lead-screw for cutting equally spaced helical grooves on the periphery of a cylindrical
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work-piece. The actual construction and operation of a dividing head has been described in Art
1.10.

Vertical Milling Attachment: A vertical milling attachment can convert a horizontal milling machine
into a vertical machine by orienting the cutting spindle axis from horizontal to vertical for performing
specific operations. The attachment consists of a right angle gear box which is attached to the nose
of the horizontal milling machine spindle by bolting it on the column face. The speed of the vertical
spindle is same as that of the machine spindle. The attachment with the spindle can also be swiveled
at any angle other than at right angles to the table for machining angular surfaces.

Slotting Attachment: A slotting attachment converts the rotary motion of the spindle into the
reciprocating motion of the ram by means of an eccentric or crank housed within the attachment.
Thus a milling machine can be converted into a slotter by accepting a single point slotter tool at
the bottom end of the ram and is conveniently used for cutting internal or external keyways,
splines, etc. The attachment is bolted on the face of the column and can also be swivelled at an
angle of machining angular surfaces. The length of stroke of the ram can also be adjusted.

Universal Milling Attachment: The attachment is similar to the vertical milling attachment but it has
an added arrangement for swivelling the spindle about two mutually perpendicular axes. This
feature of the attachment permits the cutting spindle axis to swivel at practically any angle and
machine any compound angular surface of the work. The attachment is supported by the over arm
and operates at either the same speed or at higher speed than the machine spindle.

High Speed Milling Attachment: The attachment consists of a gearing arrangement enclosed within its
casting to increase the regular spindle speeds by four to six times. This is for operating smaller
diameter of milling cutters efficiently and at the proper cutting speed. The attachment is bolted to
the face of the column and enables the cutters to be operated at speeds beyond the scope of the
machine.

Universal Spiral Milling Attachment: The universal spiral milling attachment may be used in a plain
milling machine or in a universal milling machine for cutting a spiral groove on a cylindrical work-
piece. The attachment is bolted on the face of the column and its spindle head may be swivelled in
a vertical or horizontal plane. While using on a plain milling machine, the cutter mounted on the
attachment may be swivelled to the required helix angle for cutting a spiral similar to the swivelling
of the table of a universal milling machine. The attachment is used in a universal milling machine
for cutting spiral grooves having a helix angle of more than 45°, which is the maximum limit of
swivelling the table.

Rack Milling Attachment: A rack milling attachment is bolted to the face of the column and is
used for cutting rack teeth on a job mounted on the table. The attachment consisting of a gear
train enables the spindle axis to be oriented at right angles to the machine spindle in a horizontal plane.
The successive rack teeth are cut by using a rack indexing attachment. The slanted rack teeth or a
skew rack may be machined where the table may be swivelled to the required helix angle.
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