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" Introduction e e e e ..

The present paper surveys the major projects on impact noise generated in
forming machines supervised/directed by the authors during the pericd 1971-
1974,  The ultimate aims of these projects are the development of computer
atded techniques for the acoustical and dynamic design and assessment of
machines, the experimental verification of such techniques and their application
to industrial conditions. .

* The present summary will confine itself very largely to fundamental aspects of
the work, in particular to that relating to the mechanism by which noise is '
generated and emitted by the process and the machine structure and the computer
aided predictions of these. :

NOISE GENERATED BY FORMING PROCESS
Three different effects have been recognised and investigated:

1. Deceleration Effect: This effect has been measured in full-scale forging
‘hammer tests, under conditions corresponding to coining operations {1).
.Hodgson (2) developed a technique for predicting the noise pulses due to de-
tceleration of solid cylindrical tubs, Fig.1 shows the dimensionless sound
ipressure as a function of time, for three values of the duration of the non-
'dimensional deceleration pulse, and for three space co-ordinates of the
measuring microphone, as multiples of the cylinder heights. The pulse intersity
-in7any other position can be determined‘with the aid of a "coefficient of
d'ifg‘gct"wity". assigned to each space co-ordinate point. An extension of this
!theory, due to Francis {3) allows the prediction of the sound pressure caused
by;ﬁthe-dece'leration of non-cylindrical bodies.

2. Wir Ejection Effect: This was first investigated by Bannister and -
Trengrouse (%), and refined by a model evolved by Francis (3). A comparison .-
of experimental results with these two models is shown in Fig.2. Francis'

. model can also cope with conditions in which the approaching surfaces deviate
from the flat.

3, Billet Expansion Effect: This was first investigated by Hodgson and
"Bowcoek (o) wEo evolved a theory for itg prediction. Fig.3 shows a typical
variation of the sound pulse in the fnitial and terminal stages of the billet
deformation.

The question arises as to relative 1'mpor"tance of these three effects in com-
parison with the noise generated by structural “ringing". Theoretical work
predicts and experiments confirm (6) that, under the_conditions considered,
which correspond to the simple upsetting of cold billets by flat dies, the
sound pressure level due to structural ringing is about & dB above that of the
.deceleration effect, . However, theoretical and experimental work has so far .
confined itself to the simplest practical conditions. It is by no means
‘certain that under realistic hot forming conditions - when hot billets are
formed in partially closed cavities and flash_is extruded from a rapidly.
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narrowing gap at high speeds, and when "expiosive" lubricants are used for easing
the ejection of the component - the sound peaks, produced before ringing has
commenced, may not be of very great importance.

NOISE GENERATED BY STRUCTURAL RINGING

Fundamental work on the ringing of structures aims at the prediction of their
acoustic emission on the basis of design drawings and the development of a
computer aided design procedure with which the structure can be improved, and
aptimised, Such a procedure involves the following stdges: 1. Prediction of
the structural modes of wvibration; 2. Prediction of the modal content of an
impulsive response of the type arising in forming operations; 3. Calculation of
the sound field.

The first attempt for predicting the acoustic perfarmance of hammer structures
was carried out by representing a laboratory drop hammer by a multi-degree of
freedom non-linear system {6). This permitted the calculation of the peak sound
pressure and that of the acoustic energy for arbitrary operator positions. 1In
addition, the model alsoe gave insight intc relation of the peak sound pressure
and the process efficiency. Subsequent work on more general aspects of forming
efficiency and its relation with the structural dynamics/acoustics has shown,
and this has been confirmed in full scale tests, that there is a linear re-
lationship between the sound pressure level and the forming load and that the
rate of variation of the former as a function of the latter is a unigue measure
of the acoustic characteristics of the structure (8). .

The tump constant parameter approximation of structures is of only limited use-
fulness and more recent work involves the use of a comprehensive finite element’
program for predicting the mormal modes of the machine, the natural frequencies,
the encrgy content of impulsive response, etc. (9). For instance, Fig.4 shows
the model shapes of a particular structure and Fig.5 the relative enérgy content
of these when excited by a specified impulsive load.

The latest development of this technique (3, 10) allows the prediction of the
sound energy radiated, the distribution of the sound pressure level, either for

a free field or by including the reflections from the foundation, a typical
example being shown in Fig.6 for two planes of symmetry of a particular structure.

RELATED WORK

This covers an exploration of the forming efficiency as affected by the dynamics
of the structure and the process parameters, is a problem of considerable h
complexity which is outside the scope of this paper (11). In some cases an
improvement of machine dynamics can result in not only a better utilisation of
forming energy but also a reduction of the sound energy radiated (12). This is
generally achieved by a matching of impacting masses, or an elimination of
backlash, In the end, however, well designed machines involving impact
phenomena are bound to generate some noise and this can be reduced only by
special means. Shields, not necessarily of the conventional type, but

utitising inertial effects can be used for minimising vibrating surfaces ex-
posed to the free air {6). The sound pressure lavel is affected also by
atmospheric conditions, such as the presence of watermist in air (13}. Finally,
by reducing the severity of the impact, by reducing the deceleration of moving
masses by cushioning with hydrostatic films, etc., the acoustic performance of
machines can be greatly improved.

20.K1,2




1.

2.

3.

4,

9,

10.

.

12

13.

Proceedings of The Institute of Acoustics

" RESUME, QF RESEARCH ON NOISE GENERATED IN IMPACT FORMING
' MACHINES AT THE UNIVERSITY OF BIRMINGHAM, 1871 - 1978,

REFERENCES .

V. GRIGORIAN, M. M. - SADEK and S. A, TOBIAS, 1973, Proc. 13th Int.M.T.D.R.
Conf. pp 322-339. The fundamentals of noise generated in impact forming
machines.

D. C. HODGSON 1976, J.Mech.Engr.S5ci., v.18.3 pp 126-130. Platen decelera-
tion as a mechanism of noise generated in impact forming machines.

D. T. I. FRANCIS 1979, Ph.D. Thesis, University of Birmingham. Prediction
of noise generated in impact forming processes.

G. H. TRENGROUSE and F. K. BANNISTER 1973, ASME Design and Vib. Conf.
Cincinnati, U.S.A. pp 1-9. Noise due to air ejection from clash surfaces of
impact forming machines. :

D. C. HODGSON and J. E. BOWCOCK 1975, J. Sound Vibr, 42 pp 325-335, Billet

_expansion as a mechanism for noise production in impact forming machines.

V. GRIGORIAN, M. M. SADEK and S. A. TOBIAS 1976, Int. J. Machine Tool Design
and Research, Vol, 16 pp301-318. HNoise generated by a laboratory drop
hammer and its interaction with the structural dynamics and process -~
parameters.

S. VAJPAYEE, M. M. SADEK 1978 Trans, ASME., J. of Engineering for Industry |
v.100 pp 113-118. Effects of structural parameters on the efficiency of

energy transfer in impact forming machines.

S. VAJPAYEE, A. C. HOBDELL and M. M, SADEK 1979, Proc. 20th Int. M.T.D.R.

Conf. Birmingham. The influence of machine structures and process

parameters on noise from forging machines.

H, F. VASCONCELOS, S." TAYLOR and M. M. SADEK, 1979, To be presented at
ASME Design and Vibration Conf. The response of an H.E.R.F. machine to
impact loading using finite element,

D. C. HODGSON and M. M. SADEK, 1977. Proc. 18th. Int. M.T.D.R. Conf. Lordon
pp.825-830. Sound power as a criterion for forging machine optimization,

$. VAJPAYEE 1978, Ph.D. Thesis, University of Birmingham, Dynamical and
acoustical studies of an impact forming process.

S. VAJPAYEE and M. M. SADEK, 1977, Proc. 18th Int, M.T.D.R. Conf. London,
pp B17-823. The acoustic development of H.E.R.F. cropping machings. -

P. K. MAHANTA 1978, M.Sc. Thesis, University of Birmingham. An experimental
investigation of noise reduction by two phase medium.

|
20.K1.3°




Proceedings of The Institute of Acoustics

‘ sum-:o
T THE |

EARCH ON_NOI
ag’?f'v:orax

I,!_I

HELEUt [nml

DO T
1': 4
-E, p. 1
V]
- )
" 1
R N ]

e fr

-
)

R

ERAT

lgl;EACT FORMING MACHINE&

T T I
(KK i N .
s LS AT
. s iis L1
L -

xxxxxx

'

Ly o - P

H i o '; ] .

P | i L.
P e
e " m o
won Mk ETk (YN

v Yo

ttry -~ P

Lt i |t
P = e
um o ' "
s PITIN WhLay Taa

20.K):4

HEILY, &

HEtGAr, &

, T i
k‘ 1
Y
I
1m -
i
1 TI . .
[ 3
3 L
1 i
s l
£a —_——— R
B
H
=
£
‘ ’
0 | |
I 1]
T T 1 v 1T 1
] H 4 [ L} X
trequency

|

o
J.‘.‘ !‘

i

-‘i :

F - ;
s gsasE, '

(a)

(b)




