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INTRODUCTION

The noise radiation characteristics and control techniques on a 200
tonne power press are being studied as part of a joint lS\'R/CETIM

investigation into methods of reducing the noise from industrial

presses. Because of the physical size of the press (“0.5 m high)
its-capacity and location in a workshop environment detailed measure-
ments present many problems, and all but the most simple tooling and

structural modifications are completely impractical. In order to
avoid these difficulties a simplified scale model has been built. This
allows the investigations to be conducted much more simply in the lab-
oratory end facilitates the effects of extensive structural modifica-
tions to be studied.

MODELLING THE PRES S

The full scale press under investigation is a BRET ZOO-tonne straight-
sided, mechanical crankshaft driven press of conventional construction.
The main frame structure is fabricated from a umber of welded steel
panels and was thus relatively simple to model. As the investigation
is centred around the noise related to the workpiece material fracture
event (i.e., press excitation is related to the tooling and material
properties) it was not necessary to model the complex drive mechanism
of the press. An alternative simplified operating system consisting
of a hydraulic ram and hand pump was used. Themodel was fittedwith
an existing tool set to punch a single 20 mm diameter hole. Details
of ‘the model are shown in fig. 1.

An overall scale of III! an outer dimensions was used, which gave a

model height of approximately 1.5 m. However, in order to attain a

practicably low working capacity, a scale of 1/10 was used for material
thicknesses. This gave a model capacity of 6.6 tonnes for equivalent
stress levels' in the aide frames.
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The 1/3 width and length scales and 1/10 thickness scales are useful
scalings to use acoustically as panel modes in the actual and model
press occur at approximately similar frequencies. The coincident
frequencies of the model are 10 times higher, however, thus giving
very different noise radiation characteristics below the critical
frequencies.

Damping loss factors were measured onthe panels of the completed
model and compared to values obtained from the actual press. In the
majority of positionsI -the loss factors were very similar, only on
the four columns was there any significant variation. This was
anticipated as each column on the model was formed from bends in one
piece of sheet steel rather than a welded fabrication as on the
actual press. This led to lower values of loss factor on the model
which were then matched to those on the actual press by the applica—
tion of strips of damping tape.

MODEL RESULTS

The initial investigation of the model was to study the noise radia—
_tion characteristics of the structure and to compare these with
measurements made on the actual press. The noise energy radiated from
the individual panels of the press was estimated from measurements of
surface vibration. A spatial average of the transient surface
velocity (<v>2) was measured and the radiated noise energy (E cl)
calculated from the well-known relationship: ta

2
= . . . u > wErad a c 5 Grad (V T

(where oc = characteristic impedance of the air; 5 = surface area
of the panelI o = radiation efficiency of the panel;
T = measurement igcord length).

The measurements were made using a signal analyser and the calcula-
tions performed by computer, theoretical values of radiation at;
ciency being computed from the formulae for simply-supported plates
quoted in ref. 1. The results showed that the bed. side plates and
columns were all major radiators of noise.

Concurrent measurements of near field sound intensity from the model
were also performed and these are detailed in the current paper by
Watkins. Overall agreement of the total radiated sound energy ob—
tained by both methods was very goodbut some discrepancies were
apparent when more detailed comparisons in frequency bands were made.
The two sets of measurements are to be used to obtain values of
actual radiation efficiency for the individual panels of the model.

Estimates of noise radiation from the actual press can be obtained

   



 

PRESS SCALE MODEL
——————-———

from the model by applying the panel dimensions and other scaling

factors from the actual press to the surface vibration measurements

of the model. Selected results were compared to measurements made at

similar locations on the actual press. Very good agreement was

obtained as is shown in fig. 2.

A maon objective of the model is to study the flow of vibrational
energy around the press structure. This is with a view to reducing

radiated noise levels by inhibiting transmission of vibrational

energy to the major radiating components and also by increasing

energy dissipation by increasing structural damping. Increasing the

structural damping in machinery components can pose a number of

practical difficulties, conventional damping treatments often being

of little use. Other more practical treatments are the subject of

current research at the ISVR. Filling .hollow sections with granular

materials has been shown to be a very effective method [2]. Filling
the hollow columns of the model with sand increased their damping

loss factor by a factor of 30. which is equivalent to a reduction of

15 dB in the noise radiated from these components.
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INTRODUCTION

Automatic punch presses continue to be major noise sources contribut-

ing to high noise levels in the metal-working industry. Recent ad—

vances in instrumentation, such as the acoustic intensity method. as

well as in computer data analysis, have enabled studies to be made

which may lead to control of punch press noise at the source. The

work described here ‘on an automatic punch press follows a similar

study on a hand-press study by the present authors In that

study it was believed that it was established for the first time that

noise radiation from a C-frame press was stiffness controlled. A

.noise reduction of 6.8 dB (lin.) was achieved by increasing the frame

static stiffness by 2.7 times. In contrast, only small noise reduc-

tions of order 2 dB have been reported for automatic presses using in-

creased mass or damping [2, 3]. These findings have given added cre-

dence to the automatic press investigation reported here which follow-

ed similar methods to that used in [1] but with the added use of

acoustic intensity measurements in order to establish if the press

frame was the dominant noise radiator and to help verify that in-

crease of frame stiffness is required to make significant noise re—

duction.

EXPERIMENTAL METHOD

The suspended floor in the anechoic chamber at the Center for Sound

and Vibration, N.C.S.U. was removed to accommodate a Bliss BSOkN 1831

automatic -puncb press. Fiberglass panels and foam wedges were re—

placed on the main floor around the press to minimize sound reflec-

tions off the floor. Press operation was at approximately 200 im—

‘psctslmin. and previous studies had confirmed that changes in tooling

and the die area resulted in only small reductions in noise levels or—

der l-Z'dB. A magnetic pickup was mounted on the press crankshaft in

‘11
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order to provide a trigger for transient signal analysis. a typical -
time-history of the noise pressure is given in Fig. l which shows
three separate events in the press actionI namely 1) blanking and im-
pact of the punch with the draw rings, 2) ram reversal at bottom—dead-
center and 3) impact of the die springs against the bolster plate as
the press opens. The dominant peaks in the noise spectrum were in the
frequency range 100 Hz to 1200 Hz, see Fig. 2. Noise'source identifi-

cations were made using a variety of methods. Acoustic intensity
measurements using a two-microphone probe in conjunction with a

Nicolet 6601i two-channel analyzer were made over a 25 point hemispher-
ical grid at radius r = 3m around the press. The complex mathematics
hardware on the Nicolet allowed corrections for phase errors resulting
from microphone mismatch and FM tape-recording of signals.

DISCUSSION

A typical acoustic intensity result is plotted in Fig. 3 for the arc

from the back to the front of the press. Interestingly the overall
intensity levels measured in the anechoic space were nearly uniform

around the press to'within : 2 dB. This suggests that although cer-
tain components radiate at dominant frequency peaks\ the main source of
radiation waa.likely to be the large press frame as it absorbs mech-
anical energy on the downstroke of the ram and then radiates noise as
the C-frame unloads after bottom-dead—center. Two-point transfer
functions of surface vibration between the die area and various com—
ponents were obtained using a PZE impedance hammer and accelerometer
kit and frequency comparisons made with the peaks in the acoustic in—
tensity spectra. Near-field acoustic intensity measurements were al-
so taken over several components which might be probable noise sour-
ces. Using these methods. Table I summarizes the correspondence be-
tween vibration frequencies and noise frequencies at which various
sources radiate positive acoustic intensity.

In order 'to ascertain the importance of a particular component's con-

tribution to the transient radiated sound energy, partial coherent
output energy spectra were processed using a four-channel Biomation
a/D converter system and a Data General APlJO Eclipse computer follow-
ing the methodology described in [k]. Three-input, single-output
measurements were made with accelerometer signals as input and the .
noise at the operator position as the output. For instance, it was
found that the tinplate component in the die ares contributed over

502 of the noise energy during the third event. However of more sig-
nificance, as shown by Fig. 4, is that areas of the press frame have

significant partial coherence at many frequencies. Interestingly it
was found by further signal processing that removal of the dominant
peaks in the noise spectrum reduces the overall noise level by only
1—2 dB, which suggests significant noise radiation was produced by
the broadband vibrational energy.
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As confirmation of the fact that the press frame was the likely domi—

nant noise radiator, finite—element studies were made of the press

which shoued that the cross-members between the side—plates were

likely to have strong vibrational energy. The input forcing function

as measured on one 0f the two press rams is shown in Fig. 5 together

with its energy spectra in Fig. 6 which is in the radiated noise free

quency ran e of 130 Hz to 1200 Hz. Following the methodology des-

cribed in El], the transient response.tn this measured forcing func—

tion was calculated treating the press as a single degree of freedom

system. Fig. 7 shnws the effect of increasing the press mass and

stiffness by 2.5 times on the response to the input‘fnrclng function

of Fig. 5. This figure demonstrates that the press response is more

stiffness controlled than mass controlled. The stiffness change in»

creases the fundamental resonance frequency while reducing its ampli-

tude by 6 dB. This suggests that like the hand press one method of

punch press noise reduction in the future is the redesign of new

presses with greatly increased stiffness. It is probable that such

redesign could be efficiently achieved by modern computer-aided de-

sign and finite—element methods.
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