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INTRODUCTION

It has been established [1] that noise is generated in impact forming

machines by four main mechanisms. These are:

(a) The radial billet expansion at the instant of impact which

contributes significantly towards the peak sound pressure

but is generally of very short deviation (about lms} [2].

(b) The sudden deceleration of the tup (platen) on impact.

This can produce very large peak pressures (NlSOdE) [3] of

duration about twice the impact time. This source makes

only a small contribution to Leo.

(c) Vibration of the :achine structure in its ncrual codes

i‘e. "ringing". This lasts typically for 500:5 and gives

by far the don-.ar.t contribution to Leq [As] i
(d) The rapid ejection of air from between the approaching die

surfaces prior to impact. Calculations of this effeet [6]

indicate that it can make ar, important contribution to the

peak sound pressure but not to Leg.

The first three mechanisms belong to the domain of linear acoustics i.e. sources

in which the sound waves consist of small pressure perturbations produced by

the small movement of boundary surfacesand for which the non—linear equations

of fluid mechanics can be approximated by the linear wave equation
1

V2 = _L '3
P z:1 Sép‘ (1)

subject to the boundary condition

22 =- an a
3n Pat H

to be satisfied on the radiating surface.

Htcever, source (d) is essentially an aerodynamic source produced by very

large pressure and velocity perturbations between colliding die surfaces and

for which the full non—linear equations of fluid mechanics must be used.

 

The following sections will describe the mathecatical techniques nick have

been used by the Birmingha: research team to predict the above-mentinned

noise sources.

Ii'UTA'l'IOii

c Speed of sound in air

G(£.§g) Free field Green's function

i,j,k Integers labelling finite-difference grid in direction

of increasing r,z,t respectively

Leq Equivalent continuous noise level
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Notation Continued . . . . .

Outward normal vector
Number of surface elments
Number'of interior points
Acoustic pressure

vs
-u

2'
2
|:

w
,
-

H
a.

Finite—difference solution of wave equation
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Spatial part of sound pressure field
Position vector of field (measurement) point
Position vector of source point on S
Arbitrary vibrating surface
Time
Harmonically varying surface velocity
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Ratio of time step to distance step in finite-difference
scheme

Ratio of principal specific heats of air
Density of air
Angular frequencyE
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MATHHIA'I‘ICAL TEC'

 

EIQUES

Analflical

It is sometimes possible, for simple geometry, to obtain analytical solution
to equation (1) by the Standard Method of Separation of Variables as in the
case of billet expansion. Even here the final step of Fourier synthesis has to
be carried out numerically because of the time dependence involved.

Finit e-D ifferences

In principal it is possible to solve any problem in linear acoustics by a
finite-difference solution of equation (1.). In the general case of 3 space
plus 1 time dimension, where it is necessary to cover a large volume of space-
time with a grid of points the demands on computer storage can be prohibitive.
However. this method becomes feasible, when the physical situation canreason—
ably be approximated by an axi-symetric problem. such as the case of tup
dec elerat ion .

The application of finite-differences is facilitated further if boundary
surfaces are perpendicular to co-ordinate directions. however, tups ofvarying
shape, where this simplification did not hold, have been treated [T]

Helmholtz tegral Eguation

It is possible to reformulate equation [1) as an integral equation which in
the case of harmonic time dependence is given by

P0“) = If; [Pol5)g.nicla5) " have) Gui-)1 45 (3)

The main advantages of this formulation are:
(i) The boundary conditions on the radiating surface and at infinity

are automatically 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 ‘numerical' method can be developed for dealing with arbitrary
shapes by dividing the radiating surface into a number of elements.

Method of Characteristic s

The basic non—linear flow equations are the conservation of mass, conservation
01‘ momentum and the equation ofstate for air. By taking suitable linear
combinations of these equations, it is possible to write them in characteristic
form [6]

ELM .2. 1 c i +J—ah = O
dt‘1-igi [" “a” (L)

along the characteristic lines in r—t space given by

= u i c (5)R
where u and c are the local fluid speedand sound speed respectively and h
is the instantaneous distance between the colliding dies.

Using a method similar to that employed in the finite-difference technique. it
is possible to step forwards in time calculating new values of u and c in terms
of earlier values.

NOISE SOURCES IIC LIPAC’I‘ FORMING MACHINES

As an illustration of the previous techniques, the method used for structural
ringing will be described. The Helmholtz Integral technique described earlier
has been used to predict the noise from the three principal modes of a high
speed forming machine [5]. The vibrational response of the machine to an impul-
sive blow was calculated usinga finite—element program. The surface ele:ent
model or 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 :-axis. The two plots correspond to free-field conditiors
(continuous line) and the case having ground reflections (dotted line). 5.3fl
shows the total sound pressure due to the summation of all three major modes
and its comparison with experiment (square points); agreement is seen to be

good.

  

COHCLUSION

A wide variety of mathematical techniques has been presented summerisirg the
theoretical work done on fundamental mechanisms of noise generation in impact
forming machines at Birmingha: University, though several techniques 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 program package for
the prediction of impact noise.
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FIG. 1. Surface element model of
{org in; machine
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FIG. 2. Typical node of vibration at 593 Hz.
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