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forming process, or can be used to adaptively control each incremental deformation of the
workpiece. [DOI: 10.1115/1.1396350

| Introduction while the final length),, will be given as:

The open die forging process forms workpieces through a series ho 1S
of incremental deformations using dies of relatively simple =] (_0) )
shapes. It is commonly used to reduce large ingots or billets into 0% hy

square or round bars of smaller dimension, or for forging large
high-value parts with limited geometric complex[ty]. In a typi- Inhomogeneous deformation in the process leads to bulging of
cal open die forging system the workpiece is held by a forginige sides of the workpiecgFig. 1). Tomlinson and Stringef2]
manipulator that positions it between the dies of the press. Mghowed experimentally that these relationships correctly model
tions of the manipulator and press are coordinated through pitbe volume of material that moves in each respective direction.
gram control. In contrast to the more common closed die forgirfeprging the bulged workpiece with light “planishing” passes will
process, the dies only deform a limited region of the workpiedestore flat sides.
surface, so that many programmed forming increments are neededhese relationships can be used to predict workpiece dimen-
to bring the workpiece to its final shape. sions after each forging pass, and have, for instance, been used to
Because material volume is conserved during forming, as tberive a theory of forging schedul¢8]. As is described in the
height of the workpiece is decreased, both the length increaswxt section, the spread coefficient itself is estimated both through
(“elongation”) and the width increaseéspread”). This behav- analytical derivations and empirical models.
ior complicates the task of creating prografos forging sched-  Unfortunately, there is limited agreement as to which process
ules to control the forging system. For example, consider thearameters affect the spread coefficient, and by how much. For
forging of a square bar from a square billet. The billet may bexample, Pahnkg4] reported, based on the experience of a forg-
forged to the final thickness in the first pass, is then rotated 90 diég plant in Sweden, that the steel alloy being forged significantly
and given a second forging pass. What was the thickness directiffects the value of the spread coefficient, while Allen and Cart-
is now the width direction, and as forging takes place in the seell [5] reported that the spread coefficient is largely independent
ond pass, the width increases due to this spreading behavigithe alloy being forged, based on experiences of a forging plant
Thus, dimensions set in one forging pass will change in subde-Great Britain. Pahnkp4] also reported that the reduction ratio
quent forging passes. Clearly, the ratio of material going intéhe amount of workpiece height reduction in each forging pass
elongation to that going into spread in each forming step is infiad a negligible effect on spread coefficient, while experiments by
portant since it will affect the number of forging passes requireBomlinson and String€i2] and Baraya and Johnsg8] found the
to reach the final dimension. This, in turn, affects the productivitieduction ratio to be a significant factor.
and costs of the process. A consequence of these discrepancies is that forming schedules
This ratio of spread to elongation has been characterized may not be as efficient or productive as they may be with better
Tomlinson and Stringeli2] in a quantity called the “spread coef- spread coefficient estimates, and may limit the ability to automati-
ficient,” s. It allows forming behavior to be estimated as a funceally produce all but simple prismatic bars. To illustrate the need
tion of process parameters, and is used to generate forming scHed-accurate spread coefficient values, consider a simplified ex-
ules. Starting with a rectangular workpiece of initial heiglgtt —ample of forging a square bar between shouldées, slightly
width wy and lengtH,, conservation of workpiece volume can benore complex geometry than forging a prismatic)b&uppose
used to show that average width after a single forging pags, the bar is initially 100 mm square and a section with final dimen-
will be: sions 75 mm square by 400 mm long will be forged in two passes
with a 90 deg rotation between passgsse Fig. 2 From volume
conservation it can be shown that the section to be forged will
ho\® have an initial length of 224.9 mm.
W1=Wo h_1 1) The forging schedule for these two passes is determined with
the help of the spread and elongation equations, Bgsand (2),
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