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INTRODUCTICN

It hes been established [1] that noise is generated in impact forming
machines by four main mechanisms. These are:
{a) The radisl billet expansion at the instent of impact which
contributes significantly towards the pesk sound pressure
but is generally of very short devietion (about lms} [2].
(b) The sudden deceleretion of the tup (platen) on impact.
This can produce very large peak pressures (n1504E) [3] of
duration about twice the impact time. This source makes
ornly & small contribution to Leg.
{c) Vibration of the zackine structure ir 1ts norrmal codes
i.e. "ringing". This lasts typlicelly for 500ms and gives
by far the dominart contribution to Leg [%,5
(@) The rapid ejection of eir from between the approaching die
surfaces prior to impact. <Celculatlons of this effect [6]
indicate thet it ean maie ar important contributicn to the
resk sound pressure but not 1o Leg.

The first three mechenisms belong to the domein of linesr acoustics 1.e. sources
in wnich the sound weves consist of small pressure perturbetions produced by
the smell movement of boundary surfaces and for which the non-linear eguations
of fluid mechanics car be epproximated by the linear wave equation

i
Vz = L [
P c? -B—g% : {1)
subject to the boundary condition
Bp = —p Bu ,
an -~ Tat t2)

to be satisfied on the rsdiating surface.

K rever, source (d)} is essentislly arn merodynemic source produced by very
large pressure and velocity perturbations between ccllidirg die surfaces and
for wricn the rfull non-linear equaticns of fluié mechenics must be used.

The following sections will describe the methematical technigues which tave
been used by the Birminghar reseerch team t¢ predict the above-mertioned
noise sources.

KOTATIOH

c Speed of sound in eir

G{r,ro) Free field Green's function

1,0,k Integers labelling finite-difference grid in direction
of imcreasing r,z,t respectively

Leg Equivalent contirucus noise level
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Notation Contines.....

Qutward normal vector
Number of surface elements
Number ‘of interior points
Acoustic pressure
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Finite-@ifference solution of weve eguation
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Spatial part of sound pressure field
Position vector of field (measurement} point
Position vector of source point on 5
Arbitrary vibrating surface

Time )

Harmonically varying surface velocity
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Ratic of time step to distance step in finite-difference
scheme

Ratio of principal specific heats of air

Density of air

Angular freguency

E B =

MATHEMATICAL TECHRIQUES

Anslytical

It is sometimes possible, for simple geometry, to obtein analytical scluticn

to equation {1) by the Standard Method of Separation of Variables &s in the
caese of billet expansion. Even here the fipel step of Fourier synthesis has te
be carried out numerically because of the time dependence involved.

Finite-Differences

In principal it is possible to solve any problem in linear acoustics by a
finite-difference solution of equation (1). In the general cese of 3 space
plus ] time dimension, where it is necessary to cover a large volume of space-
time with & grid of points the demands on computer storage can be prohibitive.
However, this method becomes feasible, when the physicel situaticn can reason-
ably be sapproximated by an axi-symetric problem, such as the case of tup
deceleration.

The application of finite-differences is facilitated further if boundary
surfaces are perpendicular %o co-ordinate directions. FKowever, tups of varying
shepe, where this simplification did not hold, have been treated [T]

Helmholtz Integral Equation

It is possible to reformulate equation (1} &5 an integral equation which in
the case of harmopic time dependence is given by

Pulf)= L SSS [Pﬁ,cg,)',g_hﬁ&.r.) — i peo g, {re) 5(2.5-3] 45 {3)

The main advantages of this formuwlation are:
(i) The boundary conditions on the radiating surface and at infinity
are sutomatically included in equation (3).

{(ii) The number of dimensions is reduced from three to two as only a
surface integral is involved.
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{iii) A rumericel method can be developed for dealing with arbitrary
shapes by dividing the radisting surface intc a nuzber of elements.

Method of Characteristics

The basitc non-linear flow equations are the conservation of mass, conservation
of momentum and the equation of state for air. By teking suitable linear
combinations of these equations, it is possible to write them in characteristic

form |6
(€] dy ¢+ _2 ﬁF + C [iL #'J-%% =0
at = -t dt r b (&)
along the characteristic lines in r—t space given by
X C ure (s)
where u and c are the local fluid speed and sound speed respectively and h
is the instantaneous distance between the colliding dies.

Using a method similar to that employed in the finite-difference technigue, it
is possible to step forwards in time celculating new values of u and c in terzs
of earlier values.

KOISE SQURCES IK IMPACT FORMIRG MACHINES

As an illustration of the previous technigues, the method used for structural
ringing will be described. The Helmholtz Integral technique described earlier
rhas been used to rredict the noise from thc three principal modes of a high
speed forming machine [5). The vibretional response of the mactine to en impul-
sive blow was calculated using a firite-element program. The surface elezent
model of the machine is shown in Fig. 1. Fig. 2 shows a typical mode of
vibration at 593 Hz together with the predicted sound pressure level distri-
bution along the z-exis. The two plots correspend to free-field conditions
{continuous line) and the case having ground reflections {dotted line). Fig.dr)
shows the total sound pressure cue to the summation of all three major modes
and its comparison with experiment {square points); sgreement is seen to be
good .

CONCLUSION

A wide variety of mathematical techniques has been presented summarisirg the
theoretical work done on fundamental mechanisms of poise generation in impact
forming machines at Birmingher University, though several technigues can in
principle be used for each noise source, one technique usually proves to be
the most suitable.

These techniques have been implemented as a comprehensive progran package for
the prediction of impact noise.
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FIG. 1. Surface element codel of
’ forging machine
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FfIG. 2. Typical mode of vibration at 593 Hz.
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