
Milling Machines 
 
Milling 
Milling is a machining process by which a surface is generated by progressive chip removal 
using a milling cutter 
 
Milling Machine 
It is a machine tool which removes metal from the work piece as it is fed against the rotating 
milling cutters. 
 
Principle of Milling 
In milling, the work piece is mounted on the machine table. The table can slide both horizontally 
and vertically. The milling cutter (s) mounted on the machine spindle. The spindle receives 
power from a motor and hence the cutter rotates about the axis of the spindle in the vertical 
plane. Based on the requirement, the table (work piece) is moved against the rotating cutter and 
the desired machining surface is obtained in a single pass of the work piece. Desired depth of cut 
may be obtained by multiple passes of the work piece. Equally spaced peripheral teeth over the 
cutter intermittently engage and machine the work piece. This is called interrupted cutting. It 
enables the cutter teeth to be cooled effectively till they engage the work piece again. 
 
Classification of Milling 

Basis Types 
 
When the job surface is parallel  
to the axis of rotation of cutter 
 
When the job surface is at right angles to the 
axis of the cutter 
 
When the cutter rotates against the direction of 
feed of job 
 
When the cutter rotates in the same direction 
of feed of job. 
 

 
Peripheral milling 
 
 
Face milling and end milling 
 
 
Up milling or conventional milling 
 
 
Down milling or climb milling 

 
Peripheral Milling 
shows peripheral milling. Here the axes of cutter and work piece are parallel to each other. Cutter 
axis. Hence the cutter produces a machined surface parallel to its axis. It is often called 
'slabmilling'. The cross section on the resulting surface of the job depends on the rotation of the 
cutter relative to the direction of feed movement of the work piece, either from left to right or 
from right to left. Hence there are two types (i) Up milling and (ii) Down milling.  
 
 
 



Advantage: 
Both flat and formed surface can be produced.  
Disadvantages: 
 (i) Cutting force is not uniform 
 (ii) It results in vibration. 
 
Up Milling (Conventional Milling) 
shows up milling. Here the direction of rotation of cutter and the direction of feed of the work 
piece are opposite to each other. The cutting force is directed upwards. Hence the cutting 
increases from zero to maximum per tooth Cutter 
movement i,e., the thickness of the chip will be minimum at the begining and maximum at the 
termination of the cutter (i.e., depth of cut = t' mm)  
 
Disadvantages: 
(i) Quality of surface generated will be slightly wavy 
(ii) Lubrication is difficult. 
(iii) Needs heavy fixture since the cutting force results in lifting the workpiece. 
(iv) Results in vibration. 
 

 
 
Down Milling (Climb Milling)  
shows down milling. Here the directions of rotation of cutter will be in the same direction of the 
feed of the work piece. The cutter tooth starts removing metal at its entry itself Hence the 
thickness of the chip will be maximum (t, mm) at the begining and minimum at the termination 
of the cutter. 
 
Advantages: 
(i) Improved surface finish. 
(ii) Lubrication is easier. 
(iji) Needs light fixture. 
(iv) Frictional heat generation is less. 
 
Disadvantages: 
Results in vibration due to backlash error.  Hence suitable only for rigid machines provided with 
back lash eliminator. 
 



Note: Students may tabulate and compare the differences between up milling and down milling, 
by referring their principles, operations, advantages and disadvantages. 
 
Face Milling 
shows face milling. Here the axes of the cutter and work piece are perpendicular to each other. 
As the cutter rotates, the work piece may be fed in either directions. Hence both up and down 
milling may be performed simultaneously. Face milling is a finishing operation after peripheral 
'milling, to smoothen the cutter marks of the latter. The thickness of the chip is minimum both at 
the beginning and at the end of the cut and it is maximum when the work passes through the 
center line of the cutter. 
 
End Milling 
It is the combination of peripheral and face milling operations. The cutter has teeth both on its 
periphery and its end. If the direction of helix of the cutter is same as the direction of rotation of 
it, the end cutting edges are used only to remove metal. If the direction of helix and the direction 
of rotation of the cutter are opposite to each other, the peripheral cutting edges are used to 
remove metal. 

 
 
Classification of Milling Machines 
Milling machines are classified on the basis of their nature of work i.e., general purpose, special 
purpose, mass production, reproduction etc., They may be broadly classified as follows: (i) 
Horizontal (ii) Vertical (iii) Universal (iv) Planer and (v) Special type milling machines. Note : 
Refer glossary for detailed classification. 
 
Plain Horizontal Milling Machine 
 
shows a plain horizontal milling machine with its main parts. Its base serves as a foundation 
member. All the other parts rest upon it, It carries a column at its one end. The column houses all 
driving mechanisms of spindle and table feed. The spindle receives power mainly from a motor. 
It supports an overarm at its top, the spindle nose and a knee. The knee is supported on an 
elevating screw and on the guide ways on the column. It can be moved up and down with the 



help of the handle (Part No. 11). The knee supports the working table with the saddle and houses 
the feed mechanism for them. The table may be moved longitudinally using the handle (Part No. 
8). The table is accurately finished with T-slots to clamp the work piece and other fixtures on it. 
its circular base is graduated in degrees. The saddle mav be ii-loved horizontally using the hand 
wheel (Part No. 10) which is engaged to a lead screw (not shown in the fig) below the table, An 
arbor (shaft) is supported between t e spindle nose and the yoke of the over arm and receives 
power from the spindle. One end of the arbor is tapered so as to fit. in tile spindle nose. The 
milling cutter(s) mounted on the arbor. It is provided with spacers to facilitate the adjustment for 
cutter(s) position(s). 
 
                      
 

 
 
 
Operation 
The work piece is mounted oil the table with the help of suitable fixtures. The desired contour, 
feed and depth of cut for the job are noted down. A suitable milling cutter for the specified job is 
selected and mounted on the arbor. The knee is raised till the cutter just touches the work piece. 
The machine is started. By moving the table, saddle and the knee, for the specified feed and 
depth of cut, the desired Job may be finished. The machine may then be switched off. 
 
Operations on Horizontal Milling Machines 

(i) Plain Milling (Slab Milling): Fig 11.1 shows plain milling. It helps to produce 
flat or formed surfaces parallel to cutter axis. A plain or slab milling cutter which has 
straight or helical teeth is used in the process. There are two types. (i) Up milling and 
(ii) Down milling. (ii) Slot Milling: It is a process to produce desired slots, grooves 



and keyways using different types of cutters. Fig 11.6 (a) illustrates the key way 
milling operation using a side milling cutter, which has teeth oil its periphery and 
illqo oil one or both of its sides. Similarly the open slots may also be produced using 
the plain milling Cutter. Fig. 11.6(b) illustrates closed slot milling using an end mill. 
T-slots are produced in two steps using a plain milling cutter and T-slot milling cutter 
as shown in the Fig. 11.6(c). The cutter should be set exactly at the center line of the 
groove or key way first. Only then the cut should begin. 

 
(ii) Angular milling: It is a process to produce V-blocks and desired angular grooves 

with the help of a suitable single or double angle cutter. 
 

 

 
 

(iii) Form milling: It is a process to produce irregular contours like concave, convex or 
any desired shape grooves or edges using a a suitable form cutter. 

 
 
(iv) Straddle milling: It is a process to produce square or hexagonal surfaces vertically 

on the work piece using two side milling cutters simultaneously. The required 
distance between the cutters is maintained using suitable collars. 

 
(v) Gang milling: It is a process of machining several surfaces of a work piece 

simultaneously at one pass of it. To do so, a number of desired cutters are mounted on 
the same arbor. It is useful In repetitive works. It saves machining time to a great 
extent. 

 



 
 

 
Vertical Milling Machine (Knee and Column Type) 
Construction 
 
shows a column and knee type vertical milling machine with its main parts. Its base serves as a 
foundation member. All the other parts rest upon it. It is casted with a column at its one end. A 
spindle head with a swiveling base assembled at the other end of the column. A vertical spindle 
is housed in the head and connected to the swivel base. The spindle receives power rr-n a motor 
which is mounted over the spindle head. The cutter is mounted to the spindle. It can be moved up 
and down using the handle (Part No. 4). A knee is supported on an elevating screw and on the 
guide ways on the column. It can be moved up and down with the help of the handwheel (Part 
No. 11). The knee supports the working table with the saddle and houses the feed mechanism. 
The table may be moved longitudinally using the hand wheel (Part No. 8). The table is accurately 
finished with T-slots to clamp the work piece and other fixtures on it. Its circular base is 
graduated in degrees. The saddle may be moved horizontally using the hand wheel (Part No. 10) 
which is engaged to a lead screw (not shown in figure) below the table. (Note: In a simple 
vertical milling machine, the saddle and table are mounted over the base without the elevating 
screw. Hence vertical motion for the saddle and table is not possible.) 
 
 



 

 
 
 
 
 
 
Operation 
The work piece is mounted on the table with the help of suitable fixtures. The desired contour 
feed and depth of cut for the job are noted down. A suitable milling cutter for the specified job is 
selected and mounted to the spindle. Both the knee and the cutter are moved vertically opposite 
to each other suitably, such that the cutter just touches the work piece. The machine is started. By 
moving the table, saddle swiveling base and the knee for the specified feed, angle, depth of cut 
etc., the desired job may be finished. The machine may then be switched off. 
 
Operations on Vertical Milling Machines 
 

(i) Face milling: Refer Section 11.8, Fig 11.4. 
(ii)  End milling: Refer Section 11.9, Fig 11.6(b) and (c). 
 

Comparison of Horizontal and Vertical Milling Machines, 
 

 
Particulars 

 
Horizontal Milling Machine 

 
Vertical Milling Machine 

 
Spindle position. 
 

Parallel to work table. 
 

Perpendicular to work table. 
 



Spindle movement 
 
 
Motor position 
 
 
Cutter position 
 
 
Cutter movement 
 
 
Cutters used  
 
 
 
Operations 

It rotates only about its axis 
 
 
Housed in the column 
 
 
Supported on the arbor 
 
 
It rotates only about its axis. 
 
 
Plain milling cutter, Side milling cutter, 
Angular million cutter Form milling 
cutter etc.,  
 
Peripheral milling, Slab milling, Face 
milling Slot milling, Gear cutting etc., 
 

It can be swiveled to any 
desired angle. 
 
Mounted over the spindle 
head. 
 
Mounted -directly to the 
spindle. 
 
Also possible to move it up 
and down 
 
End milling cutter, 
Slot milling cutter etc., 
 
 
Face milling, End milling etc., 

 


