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Introduction

& production forging hammer produces 500 to 20000 blows during &n eigh: hour
workahift, each blow creating a true peak sound level of 120-155+dB, ac: an
A-weighted rms level of 100-130 dBA(faat) at the operator's ear. Since & hammer
may heve an operating life of forty years, noise reduction must be applied not
only to new hammers but also toward retrofits for the thousands of harrers
already in the field. Investigations of hammer neise have been undervar simnce
before 1970, beginning in Germany (1), then in England (2,4) the USA (3) and
Sweden {5). The bulk of this work has been aimed toward identification of noise
mechanisms and development of treatments which do not impair productivitx.

This paper briefly summarises some results of a project conducted joinrly by the
US Forging Industry and Michigan Technological University. Begun in 1973, one

of its purposes was to identify the gources of hammer noise and evaluate pros-
pects for reducing these sources. Experiments were conducted in facilities
provided by a US hameer manufacturer (Chambersburg Engineering Company) using

a CECO model 60 FD forming drop hammerx.

Noise Prediction by the Forging Hammer: General Features

The typical four-piece forging hammer depicted im Pig 1 is a simple but effic-
ient atructure with massive, rather loosely-connected compoments. The ram's
motion provides the work ensrgy; the anvil provides inertial backing for the
blow; the colwms (which normelly rest on the anvil) maintain 2 stand-off
distance and guide the ram toward the workpiece; the yoke maintaine columm
spacing and provides lift/drive for the ram. The entire asgembly rests on
timhers andfor rubber isclation placed on & concrete foundation.

|
Experiments cited in (1-5) and those conducted in thia atudy show that the
hammer is excited mot only by the vertical forging force but also by a nearly-
random sequence of impact Forces applied at the ram-column and anvil-ecolum
intarfaces when the ram and anvil bowunce against the colums.

The energy of the ram is converted not only into useful plastic deformation of
the workpiece but also inte rebound kinetic energy, flow work on the air and
elastic energy in the structure. The stored energy is dissipated during the
ensuing structurel vibration either throupgh conversion to heat by internat
damping, by radiation as sound or by cenduction into the ground. Four mech=
anisms for producing hammer noise have been identified: a) expulsion of air
from between dies, prior to impact; b) rigid body scceleration as the ram and
anvil are struck} ¢) transverse expangion as the billet 1a struck and

d) structural ringing as a tesult of the blow itself and the impacts at the
interfaces.

The first three mechanisms induce transient sound of short duration. Since the
corresponding acoustical energies are small, the associated equivalent levels
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: are not usually of interest in countries whose
Fig l: Enetgy standards are based on total energy (these peak
utilisation in pressures are of some concern in the USa).
forging hamme=” Structural ringing, on the other hand, produces
sound of relatively long duration and relatively

\n\“ high total acoustic energy. Therefore the
AR control of structural ringing has been the object
I e STRLTH of most studies of hammer noise.
oy
[t 1! i Specific Results, related to the CECO 60FD Hammer
ot Is Guioes
} oaneitLt brrormanice The Chambersburg hammer is relatively smell by
A== hmboe o’ industry standards, with 2000 1b ram (4400 kg),
whrbear 15 £o 1 anvil-ram mass ratio and 8100 J maxifum
ir——y{, S tear blow energy. To achieve maximum blows, 9 inch
~ | ] {23cm) diameter flat faced dies were used with

o Bong woar- 00 Intervening workpiece. The hammer was tested
== under die-to-die impact, both with and without

B protective shrouding, The protective shrouding
.- consisted of 6 paf (142kg/m?) lined and isolated
i sections sealed around the ram, anvil and guide
T zone, The columns remained uncovered throughout

: e T the tests, while other structural elements were
covered as required for source identification: Ordiliaary and coherent spectra
were also analysed to obtain supplementary evidence in the identification process.
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The force—history during die—'tOTdiE impact was a 25 150 @
half-sinusoid with peak force directly propor- . i}
tional to the impact veleity vo (Fig 2). This
proportionality is in agreement with classical
theory but the magnitude Fpgx 2nd the duration
1 of the contact force are piverned more by the
stiffness of the dies than ti@ P!'C'Pel‘tles(tznf
the ram and anvil., Formulae develaped at
assuming rigid ram and anvil connected by a
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massless die of stiffness K, produce reas?nable 0 !time m?_;
approximations to force histvry and duratiom, i e.ms.
rovided the die stiffness i» less than half the Fig 2: Blow histories
Eam atiffness for die-to~die impact

Peak sound pressure levels we®€ measured during dieTto-die.impacts, at positions
along two verticals, located ﬁZcm-and 133“—'_" reSPeCtl‘_’ﬂ}'- in front of th? hammer.
The peak pressures were fount [0 lncrease in proportion to the blm.a magnitude
Fmax (or impact velocity vg) and followed d15t7:'113ut1on patterns which coulc.i be
predicted using equations developed for a colliding sphere(4), The theoretical
predictions and measurements Te showm in Fig 3.

The contributions of structy.al elements were as?essed using sc_)und actenuation
data (Fig 4) supplemented b :oherent—spectrum displays. As Fig 4 shows, the
peak levels were typically riduced by at least 6 dB Wh?n cm]..}r the columns were -
Teft exposed, while reductiwid of only 4 dBA were realised in the mms levels
(dBA Fast). Since the shrouwi® thﬂms?lves were ﬂpphed‘wl!:h great care, the
results imply that the colur'$ eXperience structural ringing sufficient to
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TR . Theuryﬂ] contrihute rms sound levels only 4 dF
J% below the combined level,
7
ﬁ 133cm: 2cm Insertion of resilient inserts in the
5 N colum~anvil interface produced no
B changer in peak levels and small hut
+ distinct {1 dB) changes in rms level.
=4 \ Moreover the spectrum of the radiated
& f \\ sound was always found to be somewhat
¢ \ broader (DC-4kHz) than the spectrum
B I of the hammer blow {(DC-2kMz). Since
i / . no nen-linear behaviour is evident,
ii l the apparent discrepancy arises from
2 ~ the occurrence of impacts at the
_[ N structural interfaces during and afte
P— _ _______;{' . — the blow itself. This informatien,
i ! corroborated by coherence data, indi-
=14 f" cates that the columms are excited
! through the colum-ram interfaces,ie.
FLO-OR‘_Z ‘. through the guides, and that column

15355 W6 15 50 motion induced by these forces is
Peak Sound FEE:SJreLeHm gdr., responsible for a significant fractio
Flg 3: Peak pressure levels alomg vertical of the total sound energy.
traverses at 2 distances from hemmer; . .
comparicon made with theoretical results Horizontal traverses in the hammer's
in (4).Impact velocity=4.lm/sec. impact plane (Fig 4) reveal that the
peak levels decrease at a higher rate
{4-5 dB/doubling) than the rms levels (2-3 dBA/doubling}. This difference in rate
is attributed to the fact that the peak levels originate from the relatively smal
ramdie regiom while the structural vibration is distributed not only over the
ram and anvil but also the colums, from which sound is radiated in a roughly
cylindrical pattern,

An additicnal interface was induced in the structure by a slight loosening of the
die key in the ram. Although no change was noted in peak acceleration or peak
pressure ‘levels, a & to 8 dBA increase in tms level was achieved (Fig 5), indi-
cating a sipgnificant effect of this interface on the ringing of the structure.

Results and Further Work

The combination of shielding and coherency analysis used in these experiments has
shown that sound energy radiates in significant quantities from not only the ram
and anvil but also the columns, which are excited by impacts at the ram-columm
and anvil-column interfaces The peak levels radiated to the operator can be
estimated reasonably well from existing theoretical work, but the estimation of
radiated acoustical energy is not yet feasible without supplementary measurements
It is still neceasary to develop an effective estimator of vibratiom emergy
distribution in a loosely-interconnected structure under transient loading, befor
the available acoustical knowledge can be brought to bear on this problem, Field
techniques, perhaps based on coherence methods, must also be developed to
investigate hammera under production conditions.
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