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ABSTRACT 

The thesis presents investigations in the open and 

closed die forg ing operat ions. Forg ing is an age-old process, 

perhaps, the first process used by human be ings to form metal 

into des ired shapes : However, it was only in the last two 

decades that efforts have be en made by many research workers 

to understand the mode of flow and deformation in forging opera-

tions. The inspiration for these researches has Partly come 

from the serious compet it ion to forg ing process offerred by 

other processes 1 Ike cast ing. The re is a need to reduce the 

mater ial wastage , labour and energy costs in order to make 

forg ing process more compet it ive. Governmental regulat ions 

in many countr ie s have put limits on the degree of env iron-

mental pollut ion by no ise and smoke . All these factors call 

for a better -understand ing of the metal deformat ion in forg ing 

operations so that improvements may be effected and new 

processes may be evolved. 

In most of the forging -gperat ions the mater ial 

flow is qu ite complex and three dimens ional in nature . Process 

parameters 1 ike speed of forg ing , interface fr ict ion and tempe-

rature of work p iece pose additional d iff icult les. It is 

extremely difficult  to analyse even the s imp lest forg ing process 

taking all these factors into account. Even if a solut ion 

is found, it would be too complicated to be put into pract ice . 
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Therefore , approx imat ions in e qu it ibr ium equations or boundary 

conditions or both have be en the necessary elements in all the 

solut ions found so far. Even with such approximations, solu-

tions have been possible only for ax isymmetr ic shapes and for 

p lane stra in cond it ion. Open die forg ing of polygonal shapes 

hail be en analysed recently. The stud ies in th is thesis extend 

the hor izon of analyt ical solutions for open die and closed 

die forging operat ions 	Upperbound techn igue has been used in _- 

all these studies. 

The f irst chap ter wh ich is an introduct ion to the 

thesis records the h istor ical background of forg ing operat ions . 

It includes the 1 iterature survey on the analyt ical solut ions 

in forg ing , operations and the ava ilable analyt ical methods . 

It also gives,  in some detail, the upper bound method wh ich 

has been used in subsequent chapters. This chapter also 

includes a historical  account of the developments made in 

understand ing the nature of fr ict ion in metal form ing opera-

t ions . The recent findings,  however , just ify the assumptions 

made in the subsequent chapters. 

Open die forg ing of elliptic discs is analysed in 

the second chapter of the thesis . A kinematically  admissible 

velocity field  is determined and analysis for die loads has 

been made us ing upper bound technique . A constant frictional 

stress equal to mtqwhere ' m' is the friction factor and 
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t' is the yield strength in shear of the softer mater ial) has 

been assumed on the interfaces be tween top and bottom dies.  

The analys is °fox ircular disc is a part icular case of th is ( i.e . 

when the two axes are equal) . The veloc ity field has been 

determined by minimizing the total energy re qu irement for each 

shape of the disc.  The ratio of the mean pressure to the yield 

strength of the mater ial of the disc Pm/a0  is found for d iffer-

ent values of a' , 'b' , 't' and 'm' , wh ich are respect ively 

semi-major, sem i-m inor axes and thickness  is 	of the elliptical  

d is c and fr ict ion factor with a range of values from zero to 

one . The values of P TT1  /ao  are plotted against 'bit' for 

different values of 	, for a given family 

(b/a=0 .7) . These predictions have been verified by experiments. 

The value of .P m  ico  keeps on increas ing for s im ilar cond it ions 

of lubr icat ion when we go from a circular to an ell ipt is shape . 

As the rat io of major axes to minor axes increases the load 

re qu irement increases . 

In chap ter three, the problem of rectangular bar 

forg ing with flat tools is analysed. In th is the mode of 

deformat ion is d ifferent with the d ifferent values of the rat io 

of tool width to workp iece th ickne ss(bit) . When the thickness 

of spec imen is large relative to the tool width, the slip 1 ine 

solut ions already found ade quately describe the mode of deforma-

t ion, wh ich is nearly of plane stra in nature . However, when the 

workp ie ce thickness is small, the de format ion is three d imen- 

of all ipt leak discs 
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s ional in nature and the siloo 1 ine solut ions do not f it the 

s ituat ion. An analys is based on upper bound theorem is given 

for such cases . For obtain ing die loads a constant fr ict ion 

stress is assumed on too and bottom interfaces between workp ie ce 

and the flat tools. In order to exam ine the characteristics of 
P .  

the present solution, the values of 	have been calculated a o 
for the different goemetr ies of the work)) ie ce and tools. 	The 

range of values taken cover most of the engineering cool leaf ions. 

Bulg ing is more when the width of the bar is more as compared to 

its thickness and the bulg ing tendencey increases with increas-

ing w idth of the tool and the value of fr ict ion factor. These 

theoretical findings  have a close agreement with experimental 

values. 

The fourth chapter of th is thes is gives an analys is 

of open die forg ing of any irregular four sided d isc. Exper i-

ments ind icate a similar trend. Upper bound technique is used 

in th is analys is with the assumpt ion of constant frictional 

stress on top and bottom faces. The solution takes into account 

the bulging of s ides dur ing compress ion as it is experienced 

in practical forg ings 

In chap ter five the closed d le forging ofa-hexagonal 

d isc is invest igated, Here the die cavity and punch of s im ilar 

prof ile are taken and a d isc of circular shape is compressed 

to the hexagonal shape of the die. The metal is completely 



enclosed in the cav ity formed by punch and die . The solut ion 

g iven in this chapter determines the tool forces near the end 

of the process i.e . when the die corners are nearly full. 

The kinamat ically admissible veloc ity field chosen for this 

case satisfies the flow cond it ions obtained experimentally by 

obsery ing the de format ion of circular gr ids scr ibed on the 

face of the disc. The forging load is due to the power 

d iss ipat ion in deformat ion, and in overcom ing the interface 

fr ict ion on the top and bottom faces , and on vertical side 

faces . The solut ion pred icts minimum die loads for different 

sizes of the he xagonal disc which is verified by experiments. 

The s izes of general purpose hexagonal nuts wh ich give the 

min imum die loads are slightly smaller than the stridard shape 

for the he xagonal nuts given in ISO R 272 - 19E2 and 

IS 13 63-67 for black hexagonal nuts (M 6 to M 39) 	Thus the 

solut ion prov ides the direct ion in wh ich both the mater ial 

and the form ing energy can be reduced in the commercial 

product ion of nuts and bolts . 

In chap ter s ix the velocity field developed in 

chapter five is ut it ized for closed die forg ing of square 

shapes from circular shapes. The bas ic assumptions are 

same as those for the hexagonal shapes. The curves plotted 

be tween P m/ao and D/t , show a minimum again ind icat ing an 

opt imum geometry to minimize the energy cost in forg ing of square 

shapes. Experiments also indicate that there is an opt imum 

geometry wh ich gives min imum ' P m  /a o' 



Chapter seven gives the conclus ions. The 

upper bound technique has been successfully used to predict 

the metal flow and die loads for different forg ing operations 

as given in the earlier chapters. It also includes the scope 

for future work. 
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