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i . In t roduc t ion 

Though metal forming is a very old art dating back 
to prehistoric times Cold Forming seems to have started 
only less than a. century ago. It has undergone rapid 
d^e lopment during the second world war. Many mate­
rials which were earlier considered to be non formable 
were formed, and new technologies developed. For 
example, scarcity of brass during war made Germans to 
try steel for cartridge cases, causing vast improvements 
particularly in Cold Forming. 

Metal forming for a long time remained an art more 
than a science and even now to a certain extent. Much 
of the predictions of metal movements were obtained 
by relatively inaccurate calculations, trial and error 
methods or empiricisms often involving guesses based 
on past experience. Following the formulation of mathe­
matical relationships of plastic behaviour of metals and 
alloys, several notable advances were made by Prandtl, 
Geleji, Tresca, Unksov etc., who obtained certain solutions 
for the strain distribution, force and energy required for 
the compression of an ideally plastic solid. Later, the 
development of slip line field theory, upper and lower 
bound methods etc. made much advance in this field. 
Analysis done by K u d o 1 et al in 1970 of the stress distri­
bution inside a die, by numerical methods with the use 
of an electronic computer, was a great step forward in the 
design of dies for volume forming. 

A metal could be formed while it is above its rc-
crystalization temperature or below it. Forming a metal 
while it is above its recrystalization temperature is referred 
to as Hot Forming, while below recrystalizition tem­
perature as Cold Forming. Care must be taken not to 
confuse it with the hotness or coldness of the working 
temperature relative to its surroundings, e.g. working 
lead at room temperature is a hot working process as 
it is above its recrystalization temperature. . . 

2. Advantages of F o r m i n g 

Essential difference of forming to machining is that a 
product is made in forming by flowing the material in the 
required manner rather than by removal. One of the 
principal advantages of forming is the saving of material 
due to no—or very little—scrap formed. This is con­
siderable in most of the processes and is very important 
in the case of expensive materials. Better grain structure, 
thus superior properties and high production rates are 
some other advantages. 

Cold forming has further advantages of better strength 
and hardness properties due to work hardening, enabling 
the use of cheaper materials for an end product with the 
same qualities, which otherwise would have required 
superior materials which are more expensive. Very high 
tolerances could be obtained with cold forming, in some 
cases better than a good commercially ground surface 

and the surface finish is also very good. Cold formi ng 
particularly volume forming, is very suitable for high 
speed mass production. 

3. T r e n d s in F o r m i n g 

As the capacity of machines, design and quality of 
tools improve, more and more items which were earlier 
formed only by hot process or by machining, finds their 
way into Cold Forming. Present day multistage transfer 
presses which in some cases have as much as 14 stages 
or more, has enabled the production of many items oy 
Cold Forming which were earlier formed exclusively by 
hot process. 

In recent years, there has been a fair amount of deve­
lopment not only in tool design, but also in materials used 
for tooling as well as of formable materials. Work hard­
ening properties of formed materials are being more and 
more exploited to their best advantages. Certain Boron 
Steels developed in USA 2 , containing about 0.002% 
boron, offer new possibilities in cold forming parts of high 
strength from steels with a relatively low flow stress. 
Reduction of Silicon content to less than o . o j % is said 
to be reducing the flow stress, thus the force required 
to form them, still further. 

4. T o o l Mater ia ls 

4.1 In general, for tools the highest possible tough­
ness and strength is required and should have reasonably 
good fatigue properties too. In selecting a material and 
heat treatment, due consideration must be given to the 
retention of material properties under the expected work­
ing conditions which may be fairly demanding wi th 
modern high speed machines. Production economy r e ­
quirements call for proper balance of wear resistance, 
length of run, initial and manufacturing costs and avail­
ability of materials and facilities. 

There are two principal categories of materials used 
at present for tools, namely: Sintered Carbides—mainly 
for dies—and tool steels. As representative of two main 
groups of steels used for tools can be given M-2 and D-i 
of AISI series 3. AISI 4340 and 4140 or equivalents are 
recommended for stress rings where stressing of die 
assembly is not too high and H 13 for higher stress 
levels. 
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New special high speed steel—Matrix Steel—recently 
developed in USA by a vacuum melting process and con­
taining about 0.55% C and 12-20% alloy elements are' 
said to be having a very finely and evenly distributed 
secondary carbide. Thus with an initial hardness of 62 
to 64 HRC, these steels are said to be having a fatigue 
strength 5 to 10 times higher than that of M-2 Steel, 
even' when- notch effects are present. I t is claimed that 
the life of a Matrix steel is more than double that of M-2. 
Another development, Maraging Steel, which is capable 
of developing a tensile yield strength of 160-200 kp/mm a , 
finds use as stress rings for very highly stressed dies as in 
the case of dies with carbide inserts with an overall dia­
meter'ratio of 3 or less. However their high cost limits 
their usage to applications of exceptional nature. 

4.2 Sintered Carbides 

• Sintered Carbides are used mainly for die inserts, but 
sometimes find application in punches and rollers too. 
Sintered carbides contain two principle constituents, hard 
particle's—usually tungsten.carbide—and a metallic binder, 
usually Cobalt. ' B y varying the proportions of these 
constituents widely differing properties could be obtained. 
Grades with the least amount of binder is hardest; most 

- wear resistant and least tough. 

Sintered carbides are usually used only if high wear 
resistance is of paramount importance, i.e., for long runs 
and close tolerance products. Even then their usage is 
restricted due to high notch sensitivity and low tensile 
strength to cases where those disadvantages could be. 
circumvented by effective design. Softer grades with 
25-30% Co are the most commonly used, with harder 
grades of 19-24% Co where greater wear resistance is 
required.* With recent developments in die design, 
much harder grades containing around 1 0 % Co are being 
tried out in Czechoslovakia 5. Life of a-sintered carbide is 
usually a b o u t i o - i o o t i m e s that of tool steels. . 

Certain recent developments in the manufacture of 
sintered carbides, such asTsostatic Hot Pressing is claimed 
to have improved the performance of Cold forming tools . 8 

Among the advantages claimed withI .H.P. are (1) Produc­
tion of Sintered Carbides free from porosity and improved 
surface integoty, (2) Substantially improved 3 tren >th, with 
a much better combination of toughness and hardness. 
At high cobalt contents—25%—the increase in strength 
is.modest—only about 7%—at low cobalt content—6%— 
increase in strength i ^ h i j . , even more than 30%. Further, 
the increase observed is higher with "fine grains. 7 For 
cobalt contents below 6%, in normal alloys strength falls 
off very rapidly making them practically unsuitable. But 
with I M P alloys, good strength is maintained down to 
below 3 % cobalt. But the cost of IMP alloys are still 
high and real economy of their use has yet to be evaluated. 

Another somewhat recent addition is "FERRO-TIC" 
steels 8. These Ferro-tic steels containing titanium car­
bides are about 5 1 % lighter than tool steels or 50% 
lighter than hard metals. These find use in cold forming 
tools particularly in blanking. Life is said to be about 
10-30 times that of 1 2 % chromium steel. 

5. Processes 

5.1 Hydrostatic Extrusion 

Hydrostatic extrusion is one of the processes which 
has undergone a lot of development in recent years. The 
principle of hydrostatic extrusion is well kniown. Fluid 
surrounding the billet in all sides except"at its front end , 
which bears against a cone shaped die, transmits the 

. pressure applied to the ram not only forcing' the billet 
into the die, but also .compressing the billet circum-
ferentially. Thus a hydrostatic compressive stress com­
ponent is also imparted to the billet, thus the name. 
Absence of friction between billet and container eUiruV 
nates back end defects. Cold extrusion of mild steel could 
be accomplished by this method without the need for a 
phosphate coating. Many materials of limited ductility, 
which could not be extruded successfully by conven­
tional methods, could be extruded as the secondary tensile 
stress components developed are being suppressed by-the 
component of hydrostatic compressive stress imparted. 
Even then some materials with much less ductility may 
crack as it emerges from the die. This can also be pre­
vented to a large extent if extrusion is made to emerge 
into a chamber containing a suitably pressurized liquid 
which balances to some extent the secondary tensile 
forces present in the die region. But in this case the. 
pressure required in the billet chamber is much increased 
and chambers have to be designed to withstand much 
higher pressures-

There was a claim that the above crack could be 
prevented if double stage reduction is used in the die. 
That is, after the first reduction, extrusion is given 
another small reduction by making it to pass through a 
second throat in the same die just below the first throat 
and before relief. Explanation given was that this acts 
very much in a similar manner to extruding into a pres­
surized chamber in countering the secondary tensile 
forces present in the die region.. 

v 

Another advantage of hydrostatic extrusion is that 
there is no friction between billet and containei, or ram 
—allows the billet to rotate enabling extrusion of helical 
shapes. Fluid pressure acting also on the outside of the 
die supports the die and assures close tolerences. 
Composite as well as thin walled tubes could be extruded 

' hydrostatically. An example is cladding alurninium bars 
and rods with a thin layer of copper, with a perfect bond 
between the two metals resulting in an aluminium con­
ductor with the superior contact properties of copper. 

Thick layer extrusion where there is only a layer of 
fluid between the chamber and the billet could be con­
sidered a modification of the above method. Here too 
friction between container and billet is absent. Only at 
the start of the extrusion process is it more like conven­
tional extrusion but the hydrostatic component is develop­
ed immediately giving almost all the advantages of hydro­
static extrusion. This process has the advantage over 
hydrostatic process that no large quantities of fluids are 
required and no time wasted in pressurising the fluid. 

A helical hydrostatic extrusion machine-"developed 
by Marshall Richards Baroro Ltd. 9 is another novel 
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Fig. i . Helical Hydrostatic Extrusion Machine 

addition in this field. As shown in the diagram (Fig. i ) 
it consists of a pressure chamber, a hydrostatic extrusion 
die, and a piercing mandrel on which rotates another die. 
The extruded part that comes out of the die is slighdy 
pierced by the piercing mandrel. The die rotating on it 
has a slight step as shown, which as it rotates squeezes 
the metal in the region and extrudes through the orifice 
provided. Extrusion passes through the passage provided 
and is laid in a drum placed below or in separate coilers. 

I t is claimed that this is ideal for breakdown use 
where production requirements are not high. As a result 
of a two stage reduction, extremely high reduction ratios 
upto iooo: i and above are possible on copper and copper 
alloys. 

Another system developed by the same company 
called "conform" is primarily developed for continuous 
extrusion of non-ferrous materials. The diagramatic 
sketch (Fig. 2) shows the basic principle. Feedstock, 
either rod or preformed section is drawn into the machine 
by the frictional force exerted through the slowly rotating 
wheel. The grip developed is sufficient t o cause increasing 
deformation of the material and produce a final pressure 
sufficient for extrusion to occur. Reduction ratios upto 
250 : 1 and above on aluminium and copper are achieve-
able. 

5.2 Dynamic Forming 
High energy rate forming—also known as dynamic 

forming—was much improved during recent years. This 
high energy rate may be obtained by chemical explosives, 
high voltage d e a r i e discharge, electromagnetic fields 
or by pneumo-mechanical methods. 

Initial enthusiasm and promise attached to explosive 
forming seems to have died down or reduced during 
recent years. However this method is suitable for forming 
large parts required in small quantities, particularly for 
prototypes. Dies out of concrete etc. have also been tried 
out with different claims of success. In electro-hydraulic 
forming high energy rate is obtained by a high voltage 
discharge. But the cost of capacitor banks etc. required 
are fairly high, particularly when large quantities of 
energy are required for higher deformations. In electro­
magnetic forming instead of discharging the energy 
stored across a spark gap, energy is released through a 
coil causing rapid build up of a magnetic field to an 
extremely high density. These two types are usually used, 
for shrmking or expanding of tubes or collars on tubes. 
Under the group pneumo-mechanical comes Dynapak 
machines which utilises potential energy of a compressed 
gas to move a mass at high speed, petroforgj which 
utilizes the combustion of a mixture of fuel and air like in 
a piston engine, to drive the mass and like. 

5.3 Metal Sp inn ing 

Metal spinning has been an old art, but flow turning 
which was developed later seems to be having high poten­
tial which is not yet fully exploited. Flow turning could 
be regarded in essence as single point cold rolling opera­
tion. Initially this process was developed for purposes 
of manufacturing completely seam free stainless steel 
containers of cylindrical and/or conical form for the 
dairy industry. But now it is used even to make parts 
like jet engine combustion chambers and rocket com­
ponents etc. 

5.4 Powder Metal lurgy 

Powder metallurgy and sintered components were 
also highly developed during recent years. In this process 
powder is first compacted, sintered and then finished and 
sized. Powder metallurgical products could be divided 
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into two. main groups: ( i ) porous materials,-such as are 
used in bearings, (z) dense materials such as sintered 
catbides. Recent improvements in press design, such 
as wire wound presses, made possible the use of very 
high pressures, thereby compacting powders to very 
high densities approaching that of patent materials. 
Powder, metallurgy is also-being used to make many 
difficult alloys, which were otherwise impossible as the 

"constituents may react or be converted to other forms 
during melting.' ' • ' 

5.5 V o l u m e C o l d F o r m i n g 

Another field which made tremendous progress 
• during recent years is volume cold forming in iriulti--
stage transfer presses. Certain problems.with tools such 
as transverse fatigue fracture of highly loaded dies, which 

' were supposed to be due to so-called ."breathing effect" 
• and was earlier considered to be an inevitable evi l 1 0 are 
' now. successfully solved. Analysis by Kudo et al showed 

it to be due to a tensile component of stresses developed 
in the die. Many solutions such as axial end/or transverse 
division of dies were only partially effective only at the 
lower critical point. Post stressing methods of die inserts 
used by Sieber 2, Krupp 1 1 } etc., increased the life but was 
not a complete solution. Further those could be used 
only where the die holder is large enough. 

Certain investigations, theoretical as well as practical, 
carried out in Czechoslovakia 1 2 showed that die inserts 
could be effectively pre-stressed compressively by the -
application, by external means of a compressive stress 
maintained on insert duringshrinkage union of the ring 
(s) and insert. I t was also shown that by using a post 
stressed assembly of such pre-stressed inserts, this fracture 
could be suppressed effectively, making possible the use 
of much harder grades of carbides. This pre-stressing ' 
method developed by Fernando 1 2 is at the moment being 
tried out in production machines in Czechoslovakia and 
is reported to be showing encouraging results. 

• There are conflicting claims as to the dependence 
of die life on initial surface smoothness. Certain authors 
claim that initial finishing of a die bore to a mirror finish 
increases life considerably, but others say that the initial 
finish of the bore is destroyed within the first few hundred 
of strokes, thus showing that it has no appreciable effect 
on die life. 

6. " F o r m i n g " i n Sri L a n k a 
Sri Lanka is still in its infancy in the field of Cold 

Forming. Even though it is true- that the high cost of 
modern forming machines is a great obstacle for the deve­
lopment of this industry, there- are yet so many other 
ways of improvement which are more or less ignored. 
There are many products at present imported which 
could have been manufactured'locally with the existing 
machines or with simple machines which could easily be 
fabricated locally. Many automobile spares, engineering 
components, bolts and nuts etc. fall into this category. 

Not only the design of most of the articles and tools 
required could be locally done, but also the manufacture 
of most of the tools. Of course it is too early to start too . 

complicated ventures such as for example, manufacture of 
sintered carbides. But almost all tools put of tool steels 
could be made locally. Even with hard metals, assembly 
and finishing of dies could easily, be done here. . I t seems 
that in making tools, most of the'manufacturers are no t 
giving due consideration for heat treatment and final 
finishing, which are two vital factors on which tool life 
mostly depends. Steel manufacturers recommendations 
are usually ignored and even the significance of proper 
tempering is often underestimated, 

l 
There should be no hesitation for consultation and 

discussion of problems among those involved in this 
business. Improvement of quality of product, of pro­
cesses, of technical know-how needs research and deve­
lopment institutions such as N E R D Centre of'Sri Lanka 
are in a position and are willing to help and co-operate 
in these aspects. 
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