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1. Introduction Scme {4 to 1 million industrial workers in Great Britain are
currently exposed to noise levels which will cause a serious hearing loss in thei
working lifetimes. The introduction of lepislation regarding the limits of noise
in factories has led to the need for prediction of the likely noise levels pro-
duced by a machine while at its design atage.

2. Mechanical Noise Socurces TIn most machines, noise arises as a result of an
Impact of some kind, whether in the obvious case of a drop hammer or the less
obvicus cases of saws, bearings and pears. Energy is usually accumulated over
a relatively long period, thendissipated into the workpiece over a much shorter
period, Consider the various sources of noise in an impact machine:
~ (i} Air may be ejected from between the approaching surfaces.
(ii) The impacting bodies accelerate/decelerate impulsively, causing pressure
disturbances in the surrounding air (acceleration noise)
(iii) the workpiece changes shape with gimilar effect:
{iv) both wox‘upiece and machine subsequently vibrate, dissipating excess
energy not used in the work process as heat and radiated sound.
The remainder of this paper is concermed with acceleration noise, while Part II
is concerned with the subseguent ringing noise,

3. Acceleration Moise Consider the simplest case of an impact, that between two
Jdentical ripgid spheres. They will remain in contact for a finite time, typicall
fractions of a millisecond, during which a force acts between them and the sur—
faces experience a high acceleration which may radiate a sound pulse (Fig 1).
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it has beén shown [1] that the enerpgy required to accelerate a rigid sphere from
velocity zero to vo is given by E = 5(m+m‘)v02, where m” ia a wvirtual mass
=foglvol), if the acceleration is 'slow' and no compressibility occurs. This
energy is carried along in the fluid adjacent to the sphere as it travels at
velocity vy and is recoverable on 'slow' deceleration. 1f, however, the accel-
eration is 'high' and compressibility does occut, then an additional amowunt of
energy is needed. Tf the contact is very short relative to the time taken for a
somd case to pass the sphere, it is equal to | the K.E. contained in an air bag
of the same volume having the same final velocity vg. This is not recoverable on
deceleration and must be radiated as somnd, so an upper bound on the energy

radiated as sownd from an impact of ? identical spheres ia given by ipé(vol)voz.

Thus the total radiated acoustic energy canmot be greater tham pofep » input K.E.
(1.5 x 10~% x KE for steel) and an "impulaive radiation efficiency' u gec can be
defined as Egpclip (vol)v,2 (a dimensionless ratio like ¢,,q) which can never

i the effect of increasing the contact duration t, on

exceed unity. - Consider now
the radisted sound energy Egpc. AS bg increases for bodies of a piven size,

cancellation will begin to occur if sound can travel from one aide of the body
ta the other during tg. Holmes [1] derives an expression relating acceleration
noise to to for bodies of arbitrary shape in the region of cancellation:

Eacc=F5L3v°2(LICt°)5 where L = typical dimension Pt
¢ = speed of sound -

It is seen that increasing t, has a very beneficial effect on the noise radiated.

4. Relationship between the peak pressure and impact duration

The sound radiated from an accelerating bedy is highly directional being greatesé
along the axis of impact. $implifying the equatioms given by Koss and Alfredson
[2] by retaining only the. far field terms along the impact axis gives an expres—

sion for the pressure Py i

in relation to the non-dimensional contact time é=ctyfma.
This is plotted in Fig 2 together with a maximised law for 2 spheres, given by

P, r 142 1
—tee = .
pcav, b1 T Lrs| (2)

heen built on which bodies of various types could be impacted.
A plot of Por/ocVOJGETQEG is shown in Fig 3 for a variety of spheres, cylinders
and cones, Long contact durations were obtained using small metal and rubber

In this Fig the a in the ordinate of Fig 2 has been changed to 3ol

4 pendulum rig has

ingerts.
to allow for variation of shape. An empirical curve may be drawm, approximated by
Bor =Q,7; 4<1.0 cty
pevg(vo) /3 = 0.7% s>1.0 35eT 3

5, Relationship batween Energy radiated E, .. and contact duration

Noise legislation in the UK is firmly linked to leq so a prediction of total
radiated energy is also required, The total rvadiated noise energy may be obtained
by surming and integrating the acoustic pressures aver a surface

: (e+2)"
E = ” — < 4s dt )
acc pe

(4)
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vwhich includes any cross—coupling tetms. These expressions have been evaluated
and it is seen from Fig & that the cross coupling terms are only significant at®
high values of §, when pye. has already fallen by some 20 dB. In practice hamnet /
anvil configurations are somewhat different so the emergy radiated has been
measured for impacts of eimple bodies by integration of microphone signals over
a spherical surface. Fig 5 shows these to be in good agreement with theory, and

an empirical approximation can be made
! |
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150mmn dia cylinders x energy vs vo
cones point to point A with cross coupling — — — =

cones hase ta base v

B without cross coupling
6. Acceleration Noise from a Drop Hammer )

" To establish the importance (if any} of acceleration noise in a real machine,
pressure measurements were made around a drop hammer over a range of forging
conditions.(Fig 6).

7. The Relative Magnitude of acceleration noise energy

It has been shown that Ej.. cannot exceed about 1.5x107% times the input kinetic
energy, and its value is predictable. The energy radiated by the subsequent’
vibration is less predictable, as the vibrational energy is dissipated in
faternal damping and as sound. It can be shown 1] that

Bace . M1
Eip ™
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spheres . for friction drop stamp
100mm dia cylinder + ' B
150mm dia cylinder x die to die blows o
cones base to base ¥ R forging blows *
cones point to point 4 maximised equaticn
where Eyip = energy radiated as sound
nt total loas factor
ng = acoustic loss factor

for the simple case of impacting spheres.

Using the pendulum rig, a series of cylinders and cones were impacted and the
-ratio Egec/Eyip measured, ’

8, Conclusions

{1) There is & limiting value tec E,.. for short contact durations.

(2) Above a value of §=2 this energy falls off rapidly.

(3) The dominating noise mechanisms which produce acceleration noige muat be
those with the shortest contact times and may be associated with backlash,

bearings, gears etc.
(4) It is unlikely even in the case of a drop hammer that acceleration noise

causes an Leq > 90 d4BA.
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