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Abstract

Forging is currently one of the most economical processes for the manufacture of parts for industry. Product
quality and production costs are very significant factors for manufacturers today and determines their
competitiveness. The design of preforms is an important aspect for improving the quality of forging parts and
reducing the manufacture costs.

This paper presents a new opportunity to design preforms for closed-die hot forging using a simple moving
average smoothing technique. As examples, the preform design of axisymmetric forgings is performed.
Computer simulations of the forging processes in the preform and final forging stages was carried out. The
results are compared and analyzed.
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1. INTRODUCTION

Nowdays, forging is still a cost-effective way to produce net-shape or near-net-shape parts. During the forging
process, a metal workpiece is deformed plastically, both to achieve the desired form of the forged component
and to obtain a combination of appropriate physical and mechanical properties. Selecting the proper types and
sequence of operations at hot closed-die forging ensures the achievement of the above requirements, together
with reducing the manufacturing costs and minimizing the enviromental impact. The role of preform stage is
crucial as it directly affects the metal flow in final impression, determining the quality of the forged part and die
wear.

Preform design task is strongly connected with another engineering problem - the question about necessity of
preform stage. Most often in practice, engineers determine the necessity of preform steps on the base of the
manufacturing experience, the expert valuation or the base of trial - error method. Such practical
recommendations, regarding the decision of the necessity of preform stages and their shape are pointed in
handbooks [1, 2], where they are seen as interrelated. Considering the question of the shape of the preform
at hot closed-die forging many authors offer solutions as a priori accept that a preform is necessary. Decisions
on the base of model material experiments are proposed in [3, 4]. In [5, 6] an approach using upper bound
elemental technique are pointed out. The development of computers and the computational procedures is the
reason why various preform design methods are increasingly assisted with numerical metal forming
simulations. Generally, modelling and simulations of metal forming processes gives a strong push to the
development of the various methods and procedures for the preform design at hot closed-die forging. Many
authors using geometrically techniques, often together with sensitive analysis, for preform design, analyzing
the movement of characteristic points of the contour of the forgings [7-10]. Solutions of the task of preform
shapes on the base of geometrical resemblance are given in [11, 12]. Preform design methods using fuzzy
logic are used in [13, 14]. The variety of design approaches is complemented by techniques using
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approximations with mathematical equations [15], neural networks [16], isothermal surfaces [17], topological
optimization [18].

The wide variety of methods and techniques for preform design illustrates not only the great creativity of
different researchers, but also the relevance of the issue, as well as the lack of a uniform and universal decision
to the task of preform shape. Solutions shown in the text above are valid for specific part shapes and
dimensions, or are usable only for preform shape optimization, not actually preform design. Very often,
complex computational procedures are required for their implementation, which makes them inconvenient for
practice.

The aim of this article is to present an opportunity for preform design at axisymmetric hot closed-die forging
on the base of simple moving average smoothing technique.

2. SIMPLE MOVING AVERAGE

A moving average (MA) is a statistical function that involves the computation of a series of averages of different
subsets of values from a given set. For a certian set of data values and for a fixed subset size, the first moving
average is the average of the initial fixed subset of the data values. On the next step, the next moving average
is calculated after excluding the first value of the data series and including the next value in the subset. Different
varieties are found — simple moving average (SMA), cumulative average, weighted moving average, etc.

The MA is most commonly used in time series for trend analysis, allowing short-term fluctuations to be
smoothed out and longer-term trends to emerge. In finance, moving averages are one of the core indicators
in technical analysis. From mathematically point of view, MA is an example of a low-pass filter and can be
used in signal processing. Thus, the moving average smoothing the data.

Simple moving average (SMA) is the unweighted mean of the previous k datapoints and can be expressed:

1 n
SMAc=7 > P
i=n—k+1

@)
where:
n — number of dataset entries
k — number of subset entries
P1, P2, ... pn — data values
3. PREFORM DESIGN METHOD

The procedure starts with dividing of the contour of the forging on upper and bottom part, according to parting
line. Coordinates of the points describing the shape of each of the two (upper and bottom) parts are collected
to sets of data and represented in the form of a functions. The next step requires the application of equation
(1) for each of functions. As result of previous operation, a new set of point coordinates are obtained. The
newly obtained point coordinates describe the contour of the preform die impression (fig.1).

An important feature of the methodology used in this article is the selection of the quantities k and n. For the
most common cases of forgings with a mass m of up to 65 kg and an overall diameter of forging Dr = 2Rr up
to 700 mm, appropriate values are (Figurel):
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For n, appropriate values are defined from condition for distance between two adjacent points from the shape
contour (Figurel):

Tmin

Ar = > + Thin

where rmin is the smallest radius of contour of the forging part shape.
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Figure 1. Contours (right half) of the upper and bottom part of forging (left) and preforging (right).

4. EXPERIMENTS

As examples in this paper, three preform shapes have been designed using the describing above simple
moving average technique. The preforgings are shown in Figure 2, together with forgings. In order to confirm
the adequacy of the proposed preform design solutions, computer simulations of hot closed-die forging were
carried out. The initial conditions for computer simulations has been chosen as follows: deformed material —
low-carbon steel, forging equipment — mechanical press, forging temperature Te= 1100°C, temperature of dies
— Tp = 300°C, lubricant — emulsion of graphite and water. Forging simulations were performed by the following
sequence: upsetting of billet with round cross section — preform stage — final forging stage.
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Figure 2 Forgings (left) and preforgings, designed using simple moving average technique (right).

The investigated shapes cases A, B, C, have been choosen to demonstrate the proposed simple moving
average technique. The parting line, dividing the forging into upper and lower parts, is made up of line
segments for Case A and Case B. Case C is with straight parting line. Case B has another feature — the shape
of forging is more typical for upset forging method.

5. RESULTS AND DISCUSSION

After computer metal forming simulation, defect free forging in finishing impression was obtained for all three
cases of designed preforms. Die filling was adequate, without cracks and laps. For example, the metal flow
lines for Case A, together with temperature distribution are shown on Figure 3. Effective strain distribution for
Case B is shown on Figure 4. The distribution is relatively uniform with higher values observed around those
parts of the die forming the central hole. This is a well-known feature when forming axisymmetric forgings. Not
coincidentally, these are also the most mechanically stressed and fastest wearing areas of the metal forming
dies. Effective strain distribution for Case A and Case B is relatively uniform, also.

Comparing works done for three different forgings, shown in Table 1, it is obvious that much of the necessary
forming work is done in the preform impression for Case A and Case C. This, to a significant extent, unloads
the final impression die and is a prerequisite for reducing its wear, as well as for lower manufacturing
expenditures. For Case B, the work done in final forming stage is considerably bigger relative to preform
impression die. The maximum values of the required forces during metal forming are shown in Table 2.
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Figure 3 Metal flow lines and temperature Figure 4 Effective strain distribution for Case B
distribution for Case A.

Table 1 Works done for the three different cases of forging processes.

Work done [kJ] Case A Case B Case C
In preform impression 61.8 98.8 49.9
In final impression 48.7 155.9 37.0

Table 2 Maximum values of the required forces during metal forming.

Force [MN] Case A Case B Case C
In preform impression 3.01 2.16 1.23
In final impression 15.3 26.30 9.50

6. CONCLUSION

The results obtained applying the method of preform design for hot closed-die forging based on simple moving
average allow to conclude:

0] it is suitable method for preform design for hot closed-die forging. This manner ensures adequate
die filling and relatively uniform distribution of effective strains. This defines decreasing of die wear
and manufacturing expenditure.

(ii) the simple moving average technique allows quickly and easy formalizing and computer
automation of the task of preform design at hot closed-die.
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