
direction to that of the punch motion. This process is used 
to create a cavity or a bore in the part.

• Heading/Upsetting—By 
this process, the cross sec-
tion of the part is increased. 
The material is gathered 
creating a head. The direc-
tion of the material þow is 
usually perpendicular to the 
direction of the punch.

• Squaring is the process of 
reforming a taper or curved 
surface to change its angle or 
make it a þat surface with a 
sharp corner.

• Trimming—The excess material on the outside of the part 
is removed through trimming.

• Punching—In this process, the excess material on the 
inside of the part is removed to create a hollow part.

• Threading—The process of forming threads on the part is 
called threading. Generally, this process is accomplished 
on special machines once the part is formed.

Examples of Sequence Designs
Cold forged parts are generally produced on multi-station 

machines called headers or a combination of single-station 
presses. By arranging the forming of a part in steps/stations 
using the above basic processes, the sequence design is cre-
ated. When the number of required processes is more than the 
available steps/stations, the basic processes are combined in 
a forming step. The forging steps must be arranged such that 
the tooling design is simple, the part can be easily transferred 
between stations and dimensional accuracy is achieved in 
forming.    

Figure 1 (next page) shows some simple examples of 
sequence designs using basic forming processes. In the ýrst 
example, extrusion and heading processes have been applied 
to create a hex bolt. The same process could potentially be 
achieved in a two-station machine by combining the heading 
and open extrusion process in the ýnal two steps. The second 
process applies heading, back extrusion and punching tech-
niques to create a rivet. The NAGFORM software program has 
been used to create these progression designs. This program 
uses the basic forming rules and material properties to generate 
sequence designs that the designers can use.

It should be kept in mind that the same part can be formed 
by different processes. For example, the “hex” feature of the 
bolt can be produced by heading, extrusion or a process called 
“Crash Trimming”. Thus a number of alternative sequence 
designs are possible to form the same part. NAGFORM 
gives different alternatives forging designs in a few minutes 

Basic Concepts of “Sequence Design”			
For Cold Forged Parts

Cold forging is a very cost-effective method of producing 
a part in large quantities. A good forging sequence allows the 
part to be manufactured in a fast and accurate way with virtu-
ally no scrap. However, designing a good forging sequence 
can be a daunting task, even for an experienced designer. 
Mostly, the designer relies on his/her experience to deýne the 
sequence and uses a “trial and error” methodology to adjust 
the process until the right part is created without any defects. 
This article is an attempt to explain the basic concepts of 
“Sequence Design” and the factors that need to be considered 
when designing a forging sequence.

What is a Sequence Design?
In cold forging, a part is formed progressively in succes-

sive forming strokes called blows. The sequence in which 
the part is formed is called the “Forging Sequence”. Many 
characteristics of the part help deýne the sequence, especially 
the ýnal part shape, dimensional accuracy and the part mate-
rial. Other factors that come into play are available lot size, 
available forging machines (number of dies/blows), cost of 
tooling etc.

Basic Forging Processes
The basic approach in forming a part progressively is to 

form a portion of the part in each station/blow using one of the 
basic processes such as extrusion, heading, squaring, punch-
ing, etc. Examples of these processes are as follows:

• Forward Extrusion—This process is used to reduce the 
cross section of the part. A tool called a punch pushes the 
blank through a die such that material þows in the same 
direction as that of the punch. Forward extrusion can be 
achieved through two processes:

  Open Extrusion—Here the blank is not enclosed in a die 
while being extruded. The complexity of the part may require 
an open extrusion. The amount of reduction in open extru-
sion is limited as the pressure 
required to extrude cannot 
exceed the yield strength of 
the material. However, the 
desired total reduction can be 
achieved using more than one 
open extrusion.

  Trap Extrusion—Here the part 
is fully enclosed while being 
extruded. Trap extrusion is of-
ten used when the part shape 
is simple and the amount of 
reduction is high.

• Backward Extrusion also 
reduces the cross section of 
the blank. Here the þow of 
the material is in opposite 
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