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An experimental analysis of sound energy radiated by a small drop hammer
derived from vibration measurements [1] hae indicated that a large fraction
(-46%) of the total originates in the impact area, i.e, the dies and dieholders,
but at frequencies too low to be accounted for by the matural flexural and
longitudinal vibration of these components alone. This ares must therefore
receive priority in any noise reduction programme (in this case reduction at
source) and is being considered in some detail.

Typicel acceleration time histeries in the impact area for forging blows are
shown in Fig 1, which, coupled with A weighting, radiation efficiency and
surface area, provide a measure of the sound energy radiated by each component.
These are characterised by a high amplitude heavily damped transient during
the contact period, having a frequency between 1.3 and 1.5 kHz which when
integrated is seen to account for most of the radiated energy and is clearly
apparent on sound pressure signals. For die to die blows, however, the nature
of the vibration signals differs, being of a higher frequency and continuing
for some time after contact has ceased.

Several mechanisms have been suggested to account for this low frequency vibra-
tion ('low' is used here in & relative sense, 1.5 kHz being at the peak of the
ear's sensitivity).

(i) A simple continuous system representing the tup/bolster/dies/sow/aenvil in
which longitudinal waves travel from the top of the tup to the base of the anvil
and back, Poisson's ratio effects causing the measured lateral vibration in the
smaller cross section of the impact area. The path length involved indicates a
frequency of about 1.2 kHz, cloge to that measured and would cease on separa~
tion of the dies. i

(ii) A simple lumped mass - spring system in which the mass of the tup acte on
the stiffness of the upper die during the contact period, with Poisson effects
as in (i). '

(iii) Cantilever, shear and axial modes of the die/dieholder assemblies acting
on the resilience provided by stress concentrations in the dovetail joints used
for die location, both during and after the contact period.

In practice all three mechanisms (and others?) may occur simultaneously with
varying contributions to the ncise emergy radiated, according to the type of
blow. Subsequent measurements have shown that the dies vibrate in oscillaticn
rather than pulsation due to Poisson effects, so mechaniem (iii) has beem
conpidered in some detail. Investigation of the vibration characteristics of
the impact area is complicated by the number of interfaces and componeats in
what is at firet sight s simple machine, but the availability of s pendulum
jmpact rig [1] has enabled the vibraticn of eolid components jointed by dove-
taile to be examined in isclation.

The vibrational behaviour of a solid steel cylinder (150mm dia x 300mm long),
halved and jointed by a dovetail and wedge (Fig 2) was examined on the
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pendulum rig and found to be very different from that of a similar continuous
one, both axially and in flexure; the jointed cylinder appeare to vibrate as a
mass—spring-mess system at low frequencies in addition to the natural modes of
the two component halwvee. - These frequencies and loss factors are dependent om
the wedge tightness and: the syitem is highly non-linear {hardening spring type)
evinced by asymmetric spectra and non-comstant decay rates. Similarly a model
die block dovetailed to larger masses exhibited the vibration modes shown in
Pig 3 (although six modes were possible, only those three could be positively
identified).

1f these coupled blocke can be represented by the simple syntems of Figure &
then the equivalent stiffness of the conmections can be egtimated kuowing the
masses and frequencies, e.g.

Cylinder pair ke-3.8x109 N/m Differences due
One third model die on cylinder ke'a.ﬁxlog N/m to changes in
One third model die on tup ke-5.6x10" N/m  geometry?

It remaine to establish over what ares and volume of the material the equivalent
gtiffness acts. Coneider the joint shown in Fig 2 in which the wedge W is
driven into the gap between the die block dovetail and die helder recess. This
results in compressive stresses acroee Che sides and base while tensional
stresses develop at the corners and parallel to the base, and the vhole assembly
behaves an.a pre-stressed spring. When a direct (compressive) force is applied
the area below the dovetail will be subjected to further compression vhile the
volume adjacent to this will be pubjected to ehearing forces. It may be expected
that the overall stiffness is douinated by the area below the dovetail but it
has been shown that the stress below a die (cylindrical) actimg on_e semi-
infipite helf space is not uniform, but given by the expressicn [2

q, = P/Enaz A-r2/e? 1)
where g ™= gtress at radius ¢, P = applied load, a = radive of die

This in theory, rises to infinity at the edges, and integration over the con-—
tact aree chows that half the total load is taken outside of 0.867a. Similar
distributions can be expected for square and rectangulsr dies thus the area of
gtress concentration might be quite small, ag indicated by photoelastic figures.

An spproximate volume of material over which the stiffness k. ects can be found
vsing the expression for the stifiness of a bleck, k=EA/L or L=EA/x — {2)

where E = Young's modulus, A = Area and L = length. Asguming first thst
the effective spring area is that of the whole dovetail base {for the cylinders)
then substitution into (2) gives L-0.4m, a result clearly in error since this

is longer than the cylinder pair. Taking only the projected area of the
tapered sides (Fig 2) gives an equivalent length of 28um, or 1.6 times the dove-
tail depth, a much wore realistic value. Extrapolating this result to the 1

ton hemmer gives the following frequencies: ’

Upper die on bolster ~ 1900 Hz Axial modee ~ in reasoneble
TUpper dié on bolater ou tup - 1340 Bz agreement with the measured
Lower die on sow and anvil ~ 1320 He values (1300 - 1500 Hz).

| .

TUpper dié on tup = 2076 Hz

Lower die on sow ] - B0 Hz Rotaticnal modes.
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To gain furtherundcistanding of the stiffneas characteristics of dovetail
joiots, stetic stiffness messurements were made on the die/sow assembly of a
one'third scale model hammer (to be described in Part 2} with a universal tesc—
ing machine (compression only). These are shown in Fig 5 for a range of wedge
tié‘hth‘e'l’seg ‘andare, B expected, Hon-linesr, following Aapproximately a cubie
law F = kx“.

For comparisen a solid block of similar dimensions was tested (Fig 5) and was
algo mon-linear but less so than the assembly, following approximately & square
law:F = kx?., Also shown is the stiffness line for the solid block calculated
from equation (2), k = 2 x 1010 N/m. An initiel men-linearity might be expected
since the load is first taken by the high spots only, the contact area increas-—
ing ae the load increases giving a higher stiffness. A similar effect might be
cguged by the lateral force of the wedge arching the sow block but no clear
relationship between stiffness and wedge tightness was observed (Fig 5). It
seens likely therefore that the mch reduced and non-linear stiffness which
leads to mase-spring-mass modes in dovetailed components is due to the effects
described above {(Equation 1) i.e. the effects of stress concentrations at the
.edges of two bodies of dissimilar cross—section area in eomtace.

In conclusion, while the importance and nature of the sources in the impact area
have been indicated {excluding acceleration and air ejection noise), the pros-
pects for noise reduction at source without recourse to enclosure appear to be
limited. Consider the general expression for noise radisted from an impsct [3

Leq(A,fo, £) = 10logN + 1010gEg + IOIUgAclr:EdIE ~ 10logng - 10logd + C

Eg (the initial energy of vibration) might be reduced but the mechanism for this
is not yet fully understood. The effects of A weighting and lower Opad at low
frequenc:tes might be utilised by reducing the frequency of vibration, and finally
an increase of damping ng might be considered. Some of these solutions may be
achieved by changes to the dovetail geometry, but must be considered within the
restraints imposed by the requirements of forging efficiemcy and safety.
Modifications to the time honoured practices found in the forging industry may
be difficult to introduce.
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FIG }: Typical zcceleration time histories in the impact area
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"FIG- 2: Dovetail
joint used for
die. location

FIG 4: Simple
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FIG 3: Modes and Frequencies of
a model die dovetailed to a model
gpup (Of 6 possible modes only
those 3 could be positivaly
Ldentified).
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FIC 5: Measured static stiffness for
modal die/sow assembly.
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