UNIT-4

MILLINGMACHINE

Milling is a machining process of metal removal due to cutting action of a revolving
cutter, when the work is fed past it. The revolving cutter is held on a spindle or arbor and the
workclamped onthe machine table, fed past the revolving cutter. Indoing so,theteethofthe
cutter remove the metal, in the form of chips, from the surface of the work to produce the
desired shape.

It has a capability to perform large number of operations, which no other single
machine tool can perform. It gives high production rate, with in very close limits of
dimensions. that is why it has largelyreplaced other machine tools like shaper, planer, slotter
etc for small and medium size jobs only. It is too slow for machining very long jobs.For small
and medium jobs, the milling machine gives the fastest production with a very high accuracy.
It has very wide application in mass production work.

Working Principle:

The metal removing operation on a milling machine, the work is rigidly clamped on
the table of the machine and the revolving multi teeth cutter mountedon a spindle or anarbor.
The cutter revolves at a 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 advantages, the cutter teeth
remove the metal from the work surface to produce the desired shape.

SizeandSpecification:

Size ofthe milling machine is usuallydenoted bythe dimensions (lengthand breadth) of
the table of the machine. Different manufactures, denote these sizes by different numbers
0,1,2,3,4,5,6 etc. each of these numbers indicates a particular standard size. Other main
specifications are the Horse power of driving motor, number of spindle speeds, feeds, drive,
taper of spindle nose, required floor area etc.

TypesofMillingMachines:

A large variety of different types of milling machines are available, the broad
classification of these machines is as follows:

1. Columnandkneetypemilling machines.

2. Fixedbedtypeormanufacturingtypemilling machines.
3. Planertypemillingmachines.

4. Productionmillingmachines.

5. Specialpurposemachines.

1. ColumnandkneetypeMillingMachines

These machines are all general purpose machines andhavea single spindle only.
Theyderive their name “columnand knee” type fromthe fact thatthe worktable issupported on
a knee like casting, which can slide in vertical direction a long a vertical column. These
machines depending up on the spindle position and table movements are further classified as
follows:
a) HandMillingMachine.
b) PlainorHorizontalMillingMachine.
¢) VerticalMillingMachine.




d) UniversalMillingMachine.
e) OmniversalMillingMachine.
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2. FixedbedtypeormanufacturingtypeMillingMachines:

These machines, in comparison to the column and knee type, are more sturdy and
rigid, heavier in weight and larger in size. They are not suitable for toolroomwork. Most of
these machines are either automatic or semi-automatic inoperation. They maycarry single or
multiple spindles. The common operations performed on these machines are slot cutting,
grooving, gang milling and facing. They facilitate machining of many jobs together, called
multi-piece milling. Their further classification is as follows:

a) Plaintype(havingsinglehorizontalspindle)
b) Duplexhead(havingdoublehorizontalspindles)
¢) Triplexhead(havingtwohorizontalandoneverticalspindle)
d) Riseandfalltype(forprofilemilling)
. PlanertypeMillingMachines:

They are used for heavy work. Up to a maximum of four tool heads can be mounted
over it, which can be adjusted vertically and transverse directions. It has robust and massive
construction like a planer.

4. ProductionMillingMachines:
These are also manufacturing machines, but differ from the above machines in that
theydo not have fixed bed. They include the following machines.
a) RotarytableorContinuoustype. b)Drumtype.
c) Tracercontrolled.
5. Specialpurposemachines:
Thesemachinesaredesigned toperformspecifictypeofoperationonly
a) ThreadMillingMachine
b) ProfileMillingMachine
¢) GearMillingorGearhobblingMachine
d) CamMillingMachine
e) PlanetarytypeMillingMachine
f) DoubleendMillingMachine
g) SkinMillingMachineand
h) SparMillingMachine.




a) HandMillingMachine:

It is the simplest of all the milling machines and smallest in size. All the operations,
except the rotation of arbor, are performed by hand. The table carrying the work over it is
moved by hand to feed the work. This machine is especially useful in producing small
components like hexagonalor squareheadsonbolts, cuttingslotsonscrew heads, cuttingkey

ways etc.

b) Plain or Horizontal

Machine:

The vertical column serves as a housing
for electricals, the main drive, spindlebearing etc.
The knee acts as a support for the saddle, work
table and other accessories like indexing head etc.
Over armprovides support for the yoke which in
turn supports the free end of the arbor. The arbor
carrying the cutter rotates about a horizontal axis.
The table can be given straight motions in three
directions, longitudinal, cross and vertical (up
and down) but can“t beswivelled. For giving
vertical movement to the table the knee itself,
together with the whole unit above it, slide up
and down along the ways
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provided in front of the column. For giving cross movement to the table the saddle is moved
towardsor away fromthe column along with the whole unit above it. A brase is employed to
provide additionalsupport and rigiditytothe arbor, whena long arbor is used. Bothhand and
power feeds can be used for the work.

¢) VerticalMillingMachine:

It derives its name from the vertical
position of the spindle. This machine is
available in bothtypes, the fixed bedtypeas
well as column and knee type.
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The saddle is mounted on the knee and can be moved, along the horizontal guide ways
provided on the knee, towards or away from the column. This enables the table to move in
cross-direction. The table is mounted on guide ways, provided on the saddle, which are in a
direction normal to the direction of the guide ways on the knee. By means of the lead-screw,
provided under the table, the table can be moved in the longitudinal direction. Thus the work
gets up and down movement by the knee, cross movement by saddle and longitudinal
movement bythe table. Power feeds canbe used to boththe saddle and the table. Mostly face
milling cutters and shell-end type cutters are used on these machines.

d) UniversalMillingMachine:

It is the most versatile of all the milling machines and after lathe it is the most useful
machine tool as it is capable of performing most of the machining operations. With its
application the use of a large number of other machine tools can be avoided. It differs from
the plain milling machine only in that, the tool can be given one more additional movement.
Its table can be swilled on the saddle in a horizontal plane. For this circular guide ways are
provided on the saddle along which it can be swilled. A graduated circular base is
incorporated under the table, with a datum-mark on the saddle, to read directly the angle
through which the table has been swiveled. This special feature enables the work to be set at
an angle with the cutter for milling helical and spiral flutes and grooves. It“sover armcan be
pushed back or moved and a vertical milling head can be fitted in place of the arbor to use it
as a vertical milling machine.

e) OmniversalMilling Machine:This is a modified form of plain milling machine and
is provided with two spindles, of which one is horizontal, asinplain milling and the other is
carried by a universal swiveling head and can be fixed in vertical position or can be set
anydesired angle up to 90%nbothsidesofvertical i.e. ina plane parallelto the front face of the
column, and up to 45° in a plane perpendicular to the former direction i.e. towards or
awayfromthe column. Another specialfeatureofthis machine is that it carries, inadditionto all
the possible adjustments provided in a universal milling machine, two more adjustments.
These adjustments are of the knee which can be swiveled about a horizontal axis to tilt the
table and can be moved horizontally also. These special features make it a very useful
machine tool for tool room work as it facilitates various operations to be carried out in
different planes and at different angles in a single setting of the work.
PRINCIPALPARTSOFCOLUMNANDKNEETYPEMILLINGMACHINES

Main parts of all the column and knee type milling machines are similar, the movements of
the moving parts differ in then. All these machines essentially consists the following main
parts:

1. BASE:It isheavycasting provided atthe bottomofthe machine. It isaccurately machined on
both the top and bottom surfaces. It actually acts as a load bearing member for all other parts
of the machine. Column of the machine is secured to it carries the screw jack, which supports
and moves the knee. It also serves as a reservoir for the coolant.

2. COLUMN: 1t a very prominent part of a milling machine and is produced with enough
care. Various parts and controls are fitted to this.On the front face of the column are made the
verticalparallelways in which the knee slides up and down. At its rear side, it carries the
enclosed motor drive. A cover is provided on this side, which can be opened to enable
accessibility to the drive. Top of the column carries dove-tail horizontal ways for the over
arm.




3. KNEE: It is a rigid casting, which is capable of sliding up and down along the vertical
ways on the front face of the column. This enables the adjustment of the table height. The
adjustment is provided byoperating the elevating jack provided below the knee, bymeans ofa
hand wheelor application ofpower feed. Machined horizontalways are provided onthetop
surface of the knee for the cross traverse of the saddle and hence the table. For efficient
operationofthe machine, rigidityofthe knee and accuracyofitsways playan important role. On
the front face of the knee two bolts are usually provided for securing the braces to it to ensure
greater rigidity under heavy loads.

4. SADDLE: it is the intermediate part between the knee and the table and acts as a support
for thetable. It canbe adjusted cross wise, along the ways provided onthe topofthe knee, to
provide cross feed to the table. At its top, it carries horizontalways along which table moves
during longitudinal traverse.

5. TABLE: It actsasasupportforthe work. Theworkis mountedonit either directlyor held in the
dividing head. It is made of Cast Iron, with its top surface accurately machined and carries
longitudinal T-slots to accommodate the clamping bolts for fixing the work. Longitudinal
feed is provided to it by means of a hand wheel fitted on one side of the feed screw. Cross
feed is provided by moving the saddle and vertical feed by raising or lowering the knee. Both
hand feed and powerfeed can be employed the adjustable stops should beused to trip out the
same at the correct movement.

Modern milling machines provide rapid traverse in all the three directions to effect
saving in time. In universal milling machines, the table can be swiveled in horizontal plane
and the graduations on circular base help in adjusting required swivel.

6. OVERARM: Itistheheavysupportprovidedon thetopof bothplainanduniversal milling
machines it canslide horizontally, along the ways provided onthetopofthe column,
andadjustedtoadesiredpositioninordertoprovidesupporttotheprojectingarbor,by
accommodating its free end in yoke. If further support is needed, to have additionalrigidity,
braces can be employed to connect these when many cutters are used simultaneously.

Milling Methods
Millingisaprocessofmetalcuttingbymeansofamulti-teethrotatingtool,called
cutter. The formofeach tooth ofthe cutter is the same as that ofsingle point tool. Each tooth
after taking a cutcomes in operation again after some interval of time. This allows the toothto
cool down before the next cutting operation is done by it. This minimizes the effect of the
heat developed in cutting on the cutting edge. With cylindrical cutters, the following two
methods are commonly used for cutting operation.
1. Up or Conventional Milling: In this method of milling, the cutter rotates in a direction
opposite to that in which work is fed.
2. Down or Climb Milling: In this method the direction of rotation of the cutter coincides
with the direction of work feed.
The relative directions of movements of 4 Cutter
the cutter and work should be noted at the point
of contact between the two. In the conventional
milling the chip thickness increases as the cut
proceeds and in case of climb milling the chip
thickness decreases as the cut proceeds. l.e. the Upmilling Downmilling
chipthicknessiszeroatstartofthecutand Upmilling and Down Milling
maximum at the end ofthe cut in conventional milling where as it is a reverse case in climb
milling.




Thesectionofaparticular method oftheabovetwo, dependsuponthe natureofwork. The
conventional milling is commonly used for machining castings and forgings since this
method enables the cutter to dig in and start the cut below the hard upper surface. The climb
milling is particularly useful for finishing operations and small work, such as slot cutting,
milling grooves, slitting etc. It gives a better surface finish if there is no backlash in feeding
mechanism of the table and the work is rigidly held.

MILLINGCUTTERS

The milling cutters may have either straight tooth i.e. parallelto the axis ofrotation or
in helical shape. The helix angle may be right hand or left hand and this will decide the
direction of rotation of the cutter for performing the cutting operation. Amilling cutter may be
made of single piece of steel or having the cutting portion welded to a tough shank or having
removable cutting teeth (bits) inserted in a solid body. The broad classification of milling
cutter is according to the shape ofthe teeth they carry, such as plain, inserted, formed or saw
teeth etc.

Commontypesofmillingcuttersarethefollowing:
1.PlainMillingCutters 2.SideMillingCutters
3.EndMillingCutters 4.FaceMillingCutters
5.MetalslittingCutters(Slitting Saws) 6.AngleMillingCutters
7.FormedMillingCutters 8.T-slotMillingCutters
9.Woodruff-keyMillingCutters 10.FlyCutter

1. PLAIN MILLING CUTTERS: These milling cutters may have the cutting teeth on their
peripheryand they may be either straight or helical. Their end faces are either ground square
withthe axis or slightlyconcave to reduce friction. Thus, no cutting action is provided bythe

side faces. These cutters are employed for milling flat surfaces parallel tothe axis ofrotation.

The milling cutters are made to have either fine pitchor coarse pitch. Fine pitch teeth
cutters are used for light work and finishing work. The coarse pitch teeth cutters are called
heavy duty slab milling cutters. They carry less number of teeth, having a steep helix angle.
They are commonly used where very heavy cuts are to be used, since they are capable of
removing more material with less power consumption.

2. SIDE MILLING CUTTERS: these cutters, apart fromhaving teethonthe periphery, also
have cutting teeth on one side or both sides. They are always provided with central hole for
the purpose of mounting them on the arbor. They are also called staddle mills when used in
pairs. The main types of side milling cutters are the following.

a) Plain side Milling Cutters: They are made to have cutting teeth on the periphery as well
as onbothsides. Theyare normallyused for cutting slotsor in face milling. These cutters are in
different widths from 5mm to 25mm and dia up to 200mm.

b) Half side Milling: These cutters have teeth on the periphery and on one side only. They
can be used for face milling. The teeth may be either straight or helical. Also they can be
either left hand or right hand. Actualcutting action is performed by the teeth provided onthe
periphery while side teeth do the finishing and sizing work.

c) Staggered teeth side Milling Cutters: The cutters carry alternate teeth on the periphery
only. These alternate teeth areof opposite helix angle, staggered fromside to side, just as the
teeth ofwood saw, and cut alternately on one side and then on the other. Theyare commonly
used for key-way cutting and slot cutting.




d) Interlocking side Milling Cutters: These cutters are similar in design to the side milling
cutters but are used as a unit, consisting of two cutters joined together such that their teeth
interlock. They can be adjusted to aquire the required width by inserting shims or spacers
between them to make good the reduction in width of the cutters due to wear and frequent
sharpening of the teeth. These cutters are used for milling wider slots to exact width.

3. END MILLING CUTTERS: These are solid circular cutters which are manufactured in
two different varieties; those having shank and others which do not have shank. They carry
teeth on the periphery as well as on the end. These teeth may be straight or helical. Helical
teeth may be righthand and left hand. End milling cutters are used for milling slots, key ways,
grooves and irregular shaped surfaces. Shank type end mills may have either taper shank or
straight shank and diameters from 3mm to 50 mm.

4. FACE MILLING CUTTERS: These cutters are made in two common forms.The smaller
type is knownas shell-type-face milling cutter. It carries teethonperipheryas wellas on end
face. Maximumcutting is done bytheteethonthe peripheryand thoseonthe end face perform
finishing operation. The larger type ofcutter, called the built up face milling cutter, consists
ofa steelbody, along the peripheryofwhichare inserted cutting teeth. The shelltype face milling
cuttersare used for smallwork where asbuilt up face milling for larger surfaces.
Theshelltypecutterisusually held in astubarborand larger typecanbe mounted directlyon the
spindle.

5. METAL SLITTING CUTTERS: These cutters are also called metal slitting saws. They
are used for cutting thin slots or parting off. Theyare verythin. Theyare in two varieties.

a) Plain Slitting Saws: They are plain milling cutters, which are very thin. Their teeth are
provided withsome side relief in orderto prevent rubbing. Theyare made in different widths
1mm to Smm.

b) Staggered teeth Milling Cutter (Saw): These saws are used for comparatively heavier
work. They have their teeth staggered alternately and have side teeth also. These saws are in
different widths, ranging between 4mm and 10mm.

6. ANGLE MILLING CUTTERS: These cutterscarrysharp angular teethwhichare neither
parallel nor normalto their axes. Their specific use is in milling V-grooves, notches, dovetail
slots, reamer teeth and other angular surfaces. The following two types of angular cutters are
in common use:

a) Single Angle Cutter: these cutters may have their teeth either only on the angular face or
on both, the angular face and side,which enables milling of both flank of the included angular
groove simultaneously. Their teeth may have an included angle of 450r 60. ° °

b) Double angle cutters: These cutters differ from the single angle cutters in that they have
two angular faces which jointogetherto formV-shaped teeth. The included angle ofthis ,,V* is
either 45° 60°, or 90° though it is not necessary that the angle of boththe faces should be
equal.

7. FORM MILLING CUTTERS: These are also known as form relieved milling cuttersor
radius cutters. This category includes large variety of milling cutters used for producing
different shaped contours. Their teeth are provided with a certain angle of relief, so that their
form and size are retained even after resharpening. The common types of form relieved
cutters are:




a) Cornerroundingcutters:Formillingedgesandcornersofthejobs

b) Concaveandconvexcutters:Concavecutterformillingconvexsurfaceandconvexcutter for
milling concave surface

c) Gearcutters:Formillinggear teeth

d) Tapandreamerflutingcutters:Formillingflutesonreamersandtaps

e) Gearhobs:Forcuttingteethofwormwheels,helicaland spurgears

f) Threadmillingcutters:Formillingdifferenttypesofthreads.

8. WOOD RUFF-KEY MILLING CUTTER: It is a small type of end milling cutter, up to
50mm dia. are to have solid shank, to be fitted in the machine spindle, where as larger sizes
are provided with a hole for mounting the same on an arbor. Smaller sizes have straight teeth
on the periphery with the sides having little clearance. Larger sizes are usually made to have
staggered teeth both on the periphery as well as the sides.

9. T-SLOT MILLING CUTTER: It is a single operation cutter, which is used only for
cutting T-slots. In similar sizes itis made to have the shank integral with the cutter. Largesize
cutters are mounted on a separate shank. In operation, the narrow grooveat the top isfirst
milled by means of a slotting cutter or end mill cutter. The T-slot milling cutter is then used
for milling the wider groove.

10. FLY CUTTER: It is a single point tool, mounted on a cylindrical body, held in a stub
arboror held ina bar. Screwsareused for tightlyholdingthetoolinthe holders. Cuttingedge of the
tool can be ground to any desired shape and is capable of producing a very accurate surface.

MATERIALSFORMILLINGCUTTERS

Materialsusedformanufacturingthemillingcuttersarethesameasforlathetools.
Thecommonmaterialsusedare:

1. HighCarbonSteel

2. HighSpeedSteel

3. Stellite

4. CementedCarbides

5. Ceramics
High carbon steel is used for small scale production.
Highspeedsteelisextensivelyused forsolidtypecutters.
Stellite is used for milling cutters for machining hard metals, forgings, castings etc.
CementedCarbidesareused inthe formofbits formillingcutterswhenhighspeedsareused.
Ceramics are used for milling bronze and cast Iron. Twice the speed of Carbides.

ANGLESOFAPLAINMILLINGCUTTER:

A milling cutter can be considered as a built up unit of a !
number of single point cutting tools, such that each tooth of the !
cutter is a single point cutting tool. The relief angle a is the angle
between the plain P1, which is normal to the axial plane PP at a
pointon the cutting edge, and the tangent to the relievedland ofthe
outer tooth. This angle is measured in a plane perpendicular to the
axis of the cutter. Higher the value of this angle, lessor will be the
friction and hence less wear on the land.

. 12.62. Angles of plain milling cuttq
D = Outside dia., d = Root dia., R = Fllle't
t = Depth of tooth, ¥ = Rake angle, & = Relief|n




A larger relief angle will increase the tool life between two grinds and ensure better surface
finish, but at the same time, due to consequent reduction in the lip angle (), it will make the
tooth weak. Normally relief angle ranges between 10° to 30°.

The rake angle (¥ is the angle between the axial plane PPand the face of the cutter tooth,
measure ina plane normaltothe cutting edge. Rake angle facilitates free cutting bythe
toolbyallowingthechipstoflowsmoothly. Thisensuresthelessconsumptionofpower,
bettersurfacefinish,lesswearonthetoolfaceandconsequentlyagreaterlifeofthetool
between two grinds. However, it should not be increased beyond 20° otherwise, the resulting
smaller lip angle will again weaken the tool.

The angle between the face and the land of the cutter tooth is called lip angle (B). It
value depends upon the values of rake and relief angles. Larger lip angle ensures stronger
tooth and helps in milling harder metals and when deeper cuts are used.
INDEXINGORDIVIDINGHEADS:

It helps in changing the angular position of the component in relation to the cutter.

With their use, it is possible to divide the periphery of the work piece in to any number of
equal parts. These heads are generally of the following three types.

1. Plaindividinghead

2. Universaldividinghead

3. Opticaldividinghead
Out ofthese, the opticaldividing head is the most precision attachment and is therefore, used
for very precision indexing work or for checking the indexing accuracy of the other types of
dividing heads.
1. PLAINDIVIDINGHEADS: Thesedividing headsare mainlyoftwotypes. The first type
carries the indexing plate directly mounted on its spindle and has no use of the worm and
worm wheel. It is the simplest of all the dividing heads and is used in direct indexing. The
index plate carries 12 or 24 equal spaced slots on its periphery. The job is held between two
centers, one on the dividing head spindle and the other on the tail stock. The hand lever is
used for locking the spindle in position. In operation, a lug engages the desired slot of the
indexing plate. By means of this dividing head 2,3,4,6,8,12 and 24 divisions can be obtained
when 24 slots plate is used and 2,3,4,6 and 12 divisions, when a 12 slot plate is used. The
plate, tighterwiththespindle,canberotatedby
means of the handle provided on the leftside of the  sance S e
dividing head. N e

Another useful form of the plain dividing
head is the one used in simpleindexing.It consists
of a cast body, carrying the spindle. On the front
end ofthe spindle are mounted the index
plate, having different hole circles on its face and teeth on its periphery. The plate gets
movement through a worm by rotating the handle. The crank, carrying the pin ,ismounted on
a bolt about which it can be swung to any desired position to bring the pin in front ofthe
desired hole. Usually, plates having 3 circles of 16, 42 and 60 or 24, 30 and 36 holes are
provided on these heads. The job is held between the centers.

2. UNIVERSALDIVIDINGHEAD:

This type ofdividing head is a veryusefuldevice for the purpose of indexing work. It
essentiallyconsists ofa fairlyrobust body, enclosed in it is the wormdrive, whichconsists of a
worm wheel. The dividing head spindle carries a worm wheel.




The spindle carrying the worm, meshes with the worm wheel, carries a crank at its outer end. The index
pin works inside the spring loaded plunger. This plunger can slide radically along a slot provided in the
crank in order to adjust the pin position along a desired hole circle on the index plate. The index plate is
also mounted on the some spindle as the crank, but ona sleeve such thatthe wormspindle, and hence
the crank can move independent onthe indexplate. The sector arms provided onthe indexplate are
usuallyofdetachable type and can be set at a desired angle with one another in order to set a definite
distance along a
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