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‘The present invention- reldtes- to- ddmping
means for tone generators-and, more-particularly,
to damping means for tone generators.of-the:type
employing an- elongated metallic- bar which'-i§
struck ‘to produce tone-vibrations-therein.

In certain- musical ' instfuments, such- as- the
electronic ‘carillon; which -employ  a-plurality: of
tone bars-of different lengths and ‘striker-mesns
for striking individually or-in groupsvarious-ohes
of the bars, it often-happens that the vibrations
set up-in a-particuldr-tone-bar dre-sustained: so
long-that an-annoying accumuldtion-of ‘after-ring
builds-up. This after-ring- may-reach sucha
volume that it “muddies-up’*all the mustc-pldyed
on' the carillon: 'This terndency toward-muddi~
ness is-particularly-troublésome when-hotes-are
played in rapid-succession, even-though' single
note passages may sound “very pleasing-with-the
long after-ring: . N

To- eliminate the above<described - carry-over
of the vibrations, or muddiness -of ‘the: musical
passage, it is necessary-to reduce-the decay time
of each tone bar by reducing -the -amplitude of
the vibrations therein by a*predetermined-smail
amount during -each: cycle-thereof ‘so--that one
tone will have died out’ sufficiently-before-the
next tone is-struck"toprevent*aftersring-build
up.

While-itis' possible-to~damp the ‘tone bar-by
employing - 2~ damping - material which- has-a
rather-high internal mechanical loss; this type of
damping reduces the amplitude of the higher fre-
quency partials much-more than the lower fre-
quency components of the tone- Méreover; when
the tone generator is in the form-of an-elongated
cylindrical rod clamped at one end; the-extremely
high damping of ‘the high frequency partials pro-
duces an unpleasant “clunky" sound; and it is
much more: desirable-from-an esthetic: pointiof
view to damp the higher frequency vartizls léss
severely than the lower-partisls:

While certain' arrangements  heretofore pro-
pesed have been employed:to- damp:-out: com=-
bletely the vibrations- in- certain mechanical
elements such-as relay contact sprirgs ~or-long
electrical transmission-lines:or-other -mechani-
cal systems -in-which: it is -desirable: complétely
to -suppress - vibrations,s these arrangements. .are
entirely - unsatisfactory - for- use - as- a.- damping
means in conneetion' with- a- tone generator
of the above-described: type wherein: an: ex-
tremely small percentage of the tétal energyof
the system is to be reduced: during each:dyele :of
the tone generator. Thus, with a:conventional
tone ‘generator of ‘the-abovedeseribied:type 4t is :
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2
Tecessary only to-reduce the amount:of energy
loss per cycle by about :2:per-cent for the high fre-
quency partials and by about.one per: cent per
cyclefor the:low:frequency partials: ’

Accordingly, it is a primary object of the pres-
ent invention to. provide  new and‘ improved
damping means for a tone generator.

It is another object-of the present invention to
provide new and improved tone generator damp-
ing:means whereby the free and clear ringing of
a-bell is'simulated yet the ‘tone-daes not ring on
s0°-leng:that: interference ‘between notes is ex-
cessive, ’

It is-a further object of ‘the present invention
to provide new:and improved ‘damping ‘means for
& tone.generator' of the above-described type
wherein ‘a 'predetermined small percentage of the
vibratory energy of the generator is removed.dur-
ing-each cycle of vibration thereof.

It is a-still' further objeet of the present inven~
tion to: provide- new: and improved damping
means:for g tone-generator wherein the percent-
age change in the rate of decay of the low fre-
quency ‘partials is -greater  than the ‘percentage
change of the high frequency partials,

It is another objeet of ‘the present invention
to provide new and improved ' damping. means
which may be employed with the tone generators
of an eléctronic carillon to damp the generators
by a- sufficient amount to-prevent after-ring build
up.:

It is still another-object of ‘the present inven-
tion to provide new and improved damping means
for:a tone generator of ‘the ‘above-described ‘type
which may be readily-adjusted to permit tuning
of ‘the generator Wwithout  interfering with ' the
damping-action thereof.

It is a-further object:of the present invention
to providenew and: improved damping means for
a:tone: generator: of - the- above-described type
Wherein:‘substantia;lly uniferm damping of all the
frequency :components -of “the tone ig achieved,
i e; the:'deécay rates ‘of--all 'components- are in-
creased by the.same:number of db per second. .

It is-another:-objeet ‘of the present invention
to.provide new-and improved ‘damping -means for
a -tone generator wherein ‘damping-of g particu-
lar frequency .component of the: tone.is substan-
tially eliminated. .

It is “still ‘another-object o the bresent -inven-
tion to provide hewand improved-damping means
for:the tone:generators of. an:electronic carillon
which. can be added. to: existing :instruments. hgv-
ing-undamped: tone -generators :without ssubstan-

‘tial.change thereto::.
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The invention, both as to its organization and
method of operation, together with further ob-
jects and advantages thereof, will best be under-
stood by reference to the following specification
taken in connection with the accompanying
drawings, in which:

Fig. 1 is a perspective view of a plurality of
carillon-type tone generators which are provided
with damping means constructed in accordance
with one form of the present invention;

Figs 20-2f are diagrams useful to an under-
standing of the operation of the device of ¥ig. 1;

Fig. 3 is g timing disgram which further illus-
trates the mode of operation of the device of
ig. 1; R : i

10

Tig, 4 shows an alternative embodiment of the -

invention; : :

Fig. 5 shows a further alternative embodiment
of the invention;

Fig. 6 is a perspective view of a plurality of tone
generators which are provided with damping
means constructed in accoerdance with another
form of the invention;

Fig. 7 shows an alternative form of the inven-
tion;

Fig. 8 shows still another form of the inven-
tion; and

Fig. 9 shows an additional form of the inven-
tion. - :

Referring now to the drawings and more par-
ticularly to Fig. 1 thereof, one embodiment of the
improved damping means of the present inven-
tion is there illustrated as employed in a tone
generator of the elongated cylindrical rod type

having one end thereof securely clamped and the 2

other end free to vibrate. Thus, a carillon base
member 18 is used as a support for & plurality of
elongated cylindrical tone bars 11 and {2, each of
which is securely clamped at one end thereof in
the base member 18 by any suitable means such
as the socket 14, which is positioned in the base
member 18 and receives the end section {5 of
the bar {i{. Fach tone bar is struck at a point
somewhat removed from the clamped end thereof
by any.suitable means such as a hammer 23.
In order to damp the tone bar il there is pro-
.vided a small lightweight damping body 28 in
‘the form of a ring which encircles the free end of
the tone bar i{. The damping ring 20 may be
made of either an elastic or an inelastic mate-
rial and has an inside diameter slightly larger
than the outside diameter of the bar [{. If an
inelastic damping action is required the ring 2%
may be made of an inelastic material such-as
Jead. For example, the ring 23 may comprise
ohe or two turns of fine wire solder which is
wrapped around the tone bar and twisted. - In
such an arrangement the clearance between the
.golder and the tone bar is very small and just
that which normally oceurs by virtue of the fact
that the solder cannot be tightly twisted about
the bar. If-an elastic damping action is desired,
the damping ring :28 is preferably made of an
elastic material. For example, the ring 20 may
‘comprise a short length of metal tubing or a
-plurality of Phosphor bronze or beryllium copper
retaining rings. Moreover, we have sucecessiully
used materials of the type known as “plastics.”
For example, a vinylidene-vinyl chloride copoly~
mer such as known under the trade name
“garan” has been found satisfactory. For rea-
“sons to be discussed in more: detail hereinafter,
‘the clearance between the damping ring 20 and
the tone bar i{ is very small, . For example, with

a tone bar of one eighth inch outside diameter :
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it has been found that a damping ring of Phos-
phor bronze or other elastic material should have
an inside diameter of 0.140 inch, i. e., a clearance
between the ring and tone bar of 0.015 inch.

To prevent the damping ring 28 from moving
longitudinally along the tone bar 1, a pair of re-
straining washers 22 and 24 are provided which
are spaced apart so as to retain the damping ring
therebetween while permitting limited longitudi-
nal movement thereof. The washers 22 and 24
are preferably constructed of fibrous material
and may be secured on the tone bar by first soak-
ing the washers in water and then pushing them
over the end of the tone bar. When the
washers dry they shrink to a very tight fit. How-

“ever, it will be obvious that other suitable means

may be employed for-securing the washers 22 and
24 to the tone bar.

“In considering the action of the damping ring
20 upon the vibrations of the tone bar i it will
be understood that irrespective of whether an
elastic or inelastiec material is employed, the mass
of the damping ring £8 is extremely small as com-
pared to the mass of the tone bar ii. As the
tone bar vibrates it carries the ring with it.
However, due to the clearance between the ring
and the tone bar which permits limited relative
movement therebetween, impacts occur between
the ring and the tone har and some energy is lost
from the vibratory system at each impact.
While I prefer to employ an elastic damping body
for reasons.to be pointed out in more detail here-
inafter, a gualitative discussion of the simpler
damping action provided by an inelastic damping
ring will be given before counsidering the action
which obtains when an elastic ring is used.

When an inelastic impact occurs between the
ring 28 and the bar ii, the two members remain
together after the impact until the bar begins to
slow down. The. tone bar slows down aiser it
passes the middle equilibrium position due to the
increasing restraining force preduced by flexion
of the bar. As the bar siows down, the ring con-
tinues-to move in its original direction and with
the maximum velocity obtained. If the clear-
ance between the ring and the tone bar is small
as compared to the amplitude of vibration of the
bar, the ring overtakes the bar aimost imme=-
diately after the bar passes through its maximuin
velocity point and before the bar reaches its

‘maximum displacement point. -Thus, the coliision
‘occurs while the damping ring 26 and the free

end of the tone bar {i are traveling in the same
direction but at different wvelocities. Accord-
ingly, the impact of such a collision is rouch
smaller than if the tone bar and damping mem-

ber were- traveling in opposite directious.

If the clearance between the damping ring and

‘the bar is so large that the bar can reverse di-

rections between the instani that the bar and
the ring separate and the instant that they col-

lide again, the damping is violent and completely
.destroys the vibrations of the tone bar in one or
two cycles. Such a damping action is entirely
-unsuited for the control of musical tones.

How~
ever, in accordance with the present invention

-and when an inelastic ring is used, the clearance
‘between the ring and. the tone bar is very small

as compared to the amplitude of vibration of the
tone bar. In this connection it will be undersiood

‘that as the vibrations die out in the fone bar, a

situation will occur at which the amplitude of

“vibration is so. small that the bar can change
_direction-hefore the collision with the damping
:ring takes:place- and g violent. collision occurs
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due to the fact that the ring and-bar afe traveling
in opposite directions. However, in accordance
with the presént invention, the ‘clearance betweeri
the damping ring and the tone bar is made small
eniough that a Teversal of direction of the tone
bar without collision does not'take place through-
out- the audible ‘portien of the’ tone. Thus;
throughout the audible range of the tone bar vi-
brations the impagts- between: the tone bar -and
damping ring occur “while these members are
traveling in ‘the same direction, although at
different -velocities, 50 that a very light-damping
action is produced-and the pleasing qualities of
the tone, varticularly the high irequency par-
tials thereof, are breserved -although' the overall
decay-time of the tone is substantially reduced to
prevent after-ring build up. It will also-be under-
stood that when the frictional forces between:the
restraining. washers- and-the damping ring: be-

come larger than the acceleration forces, a situ-

ation which obtains with low amplitude vibra-
tions, no more impacts between the tone bar and
the damping member wilk occur:;

‘In order to illustrate more clearly the:action of
the damping ring 20-in providing 4 predeter-
mined small amourit of ‘damping for the tone bar
I'l, reference is' now made to Figs: 2a to2f,:in-
clusive, wherein the relative movement between
these members is shown. Thus; referring to Fig,
2a, the bar 14 is shown at the instant just after
its reversal -of direction and in its position- of
maximum: displacement. In this _position, one
side of the tone bar {1 is.in contact with the inner
surface 2§.0f the damping ring 28-and the ring
and bar are moving together at the'same speed.
In the position shown-in Fig. 2b°the bar has just
reached its. center or equilibrium: position. It
will be noted -that the damping ring 20, at this
point in the travel of the bar {4 is still S0-posi~
tioned that the ihner surface 25 of the ring is in
contact with the bar. In-the position.shown in

Fig. 2¢, which:occurs-just -Slightl_y- after the bar

has passed through the center -equilibrium- posi-
tion of Fig. 2b; the free end of ‘the bar has slowed
down slightly. although - the damping ring has
continued to move at its previous velocity so that
the damping ring is now separated from the bar.

In the position shown:in-Fig. 2d the damping

ring, which has been moving at a greater velocity
than the free end of the tone bar, has overtakers
the bar and moved. to:such a- position that the
rear inner surface 26-of the ring collides with
the other side of the bar: Thus, the ring 28, dur-
ing the interval from Fig. 2b to Fig: 24, frees
itself from one side of the bar and-then catches
up with azd irapinges upon the ‘opposite side of
the bar. The rear surface 28 of-the  damping
ring 20 remains in contact with the bar { | while
the bar swings to the point of ‘maximum displace~
ment, as shown in Fig. 2e, at which point the bar
is stationary. The damping ring and tone bar
further remain in contact after-the bar reverses

direction as shown in Fig. 2f, However; after,

the tone bar passes through'the equilibrium po-
sition in the opposite direction, the damping ring
again separates. and ‘catchies up with! the bar so

that the inner surface 25 of the ring again’ con-

tacts the first side of the bar as shown in’Fig 2a.
In the’

is not. Accordingly, at each impact between
the damping body.and the tone.bar some energy
is'lost from the total system...To further.illus-
trate the inelastic damping action described

inelastic “collision illustrated in. Figs.
2a-2f; momentum is conserved, but energy, inso-.
far as the motion of the members is concerned,
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6
above, Fig: 3 shows-a graph of the velocity of
the-free end of ' a tone bar in which there are
In Pig. 3
the undamped- velocity: of the free end of the
tone bar if is-illustrated-by-the dotted line. 40;
whereas the solid line 41 ‘shows-the veloeity. when
an inelastic damping- ring: 20-is positioried-in the
manner deseribed above- about- the-free- end. of
the tone bar. Considering the damped character-
istic 44, it-is evident-that- just dfter-the:tone bar
passes the first equilibrium- pesition- With maxi=
mum- velocity, as-illustrated- by--the dotted- line
42; the tone- bar begins-to-slow down while the
ring-continues-to-travel at-the:same speed so that
the ring collides- with & first:sidé of . the: bar at
the-point- 42¢, and remains-ini contaet with the
bar-until the next equilibrium- position- oceurs s
indicated-at-the-dotted-line- 43: Just after the
position-43-is-reached, the-tone-bar speeds-up so
that it-frees-itself from-the -damping ring: and
continues to speed up-until the other-side of the
bar contacts-the -damping ring ‘at the point 44.
The damping ring-and- tone-bar then remain-in
contact from the- point- 44 through:- the- next
equilibrium position- 45, after-which - point- the
tone bar slows down while the - damping ring con-
tinues to travel at-the same velocity so- that the
damping ring contacts-the ;ﬁrst'«sidetof ‘the tone
bar at the point46: The damping-ring dnd tone
bar then remain in-contact -from-the point 4§
through -the next equilibrium- position-indicated
by the dotted line 47, after which-point the-same
cycle of collisions between-the-tone -bar and:the
damping ring oceurs:- In-this connection it will
be understood that the damping action of thering
20 is greatly exaggerated -in-Fig. 3 to facilitate
analysis thereof. In action practice the ring 23
extracts & maximum of about 1%-of the energy
of the bar during each: cycle -of: vibration-thereot,

It will be noted -from- the foregoing descripticn
that the inelastic' damping action which obtains.
with a complex tone in which-the ‘damping ring
first’ overfakes the tone bar and -then the tone
bar overtakes the ring.- However; all of the im<
pacts between the tone bar and -damping ring
occur while these members-are traveling -in the
same direction,” The diagram-of Fig. 3 is-based
upon the assumption-that the clearance between
the inelastic damping ring -and -the tone bar is
small as compared with the amplitude of- vibra-
tions: of the bar. It will be evident that such-a,
requirement is necessary-in-order to-practice the.
bresent invention for -if the-clearance -between.
the tone bar and ring is-large the bar can reverse
direction in' the interval'between the instant that
the bar and ring separate  and the instant thai
they again collide;

If-an elastic damping ring is-employed in the
arrangement shown in Fig;-1, the-damping action.
between the-tone bar and the - damping ring is.
more complex-than if‘an-inelastic’ dampirg: Ting
is'used.  If-the ring is very small ifi’ mass-as-cor-
bared with the ‘mass of-the tone-bar-and if the
ring is struck by the bar when the bar is traveling
at a given velocity, the ring’ will ‘bounce away
from the bar at almost twice the ‘velocity of the
bar. 'Traveling at this rate; the ring soon over-
takes the. bar and bounces back" again even
though the clearance between the bar and ring
is substantial, This bouncitig back and forth’ can
take place may times. in the course of one cycle
of vibration of the bar. However, with smaller
clearances the collisions take place more often
and a heavier damping action is produced. When
the tone bar overtakes the ring and collides with,
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it, or when the ring-and tone bar collide when
traveling in opposite directions, the damping ring
takes energy from the bar. -Due to the elasticity
of both the tone bar and the elastic ring 28 the
amount of energy consumed during these impacts
is very small. When the damping ring overtakes
the tone bar and collides with it, some energy is
restored to the tone bar from the damping ring.
However, due to internal Josses in the damping
ring, and losses due to air viscosity, and the like,
each collision results in a small loss of energy
from the system. - Also, it has been observed that
the elastic damping rings spin violently and climb
up and down the tone bar within the limits
imposed ©y the restraining washers 5o that
energy is also lost from the orderly state of vibra-
tions within the bar to sustain this very random
motion of the damping ring. Additionally, a cer-
tain amount of the energy is lost in friction be-~
tween the damping ring and the tone bar as the
ring spins and climbs up and down the bar.

The random character of the motion of the
elastic damping ring is markedly different from
the action of an inelastic ring. Due fo the
random motion of the elastic ring there is little
frequency discrimination in the damping. effected
by the ring and approximately the same number
of decibels per second is added to the decay rates
of all of the frequency components which go.to
make up the composite vibration of the tone bar.
Accordingly, when an elastic damping ring is
employed the damping means of the present in-
vention provides substantially uniform damping
for all of the frequency components of the tone.

In considering the damping action achieved
with either an elastic or an inelastic damping
ring, it will be understood that the daraping ring
provides a subtle type of damping in which a
very small amount of energy is extracted from the
vibratory system during each cycle of oscillation
thereof. Thus, the lightweight damping body
produces a gradual decrement of the tone vibra-
tion during each cycle and the high frequency
partials are not excessively damped so that a
very pleasing bell-like tone is provided although
the overall decay rate of the tone is substantially
decreased to avoid after-ring. -Another advan-
tage of the tone generator damping described
above is that the ‘damping . bodies are. of such
small mass that the tuning of the ione bar is
not noticeably altered thereby and the bars may
be tuned independently of the action of the
damping body thereon. - Additionally, the damp-
ing means described above can be added to
existing tone bar instruments, such as carillons,
in a simple and economical manner without mak-
ing other changes in the instrument, an advan-
tage which is particularly desirable in' elimi-
nating after-ring in presently existing carillons.

The ahove-described damping means has the
further advantage of permitting a particular tone
partial to be accentuated. Thus, if the positicn
of the damping ring corresponds to the node of
s particular frequency component of the tone,
the tone vibrations at that point will not include

“that particular frequency combonent. Accord~
ingly, the damping ring will not affect this fre-
quency component but will damp the remaining
components in the manner described above 50
that the frequency component in guestion is ac-
centuated. :

VWhile the damping ring has been illustrated a3
positioned at the free end of the bar, it will be
evident that effective damping control can also be
obtained when the damping ring is positioned
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8
nearer the clamped end of the bar. Also, it will
be evident that the damping body may comprise
several rings in the event that a heavier damping
action is desired.

In the alternative embodiment of the inven-
tion shown in Pig. 4, the damping ring 28 is po-
sitioned within a chamber 50 defined by a cylin-
drieal enclosing member §{ which fits snugly over
the free end of the tone bar 1. The end walls
B2 and 53 of the chamber 5l act as retaining
washers to restrain the longitudinal movement
of the damping ring. With this arrangement,
the chamber 56 is sealed against dirt, and dam-
age during use thereof is substantially prevented.

In the alternative embodiment shown in Fig. 5
the use of retaining washers is eliminated and
the tone bar {! is provided with a section 89 of
reduced diameter. A split damping ring 6f,
which is of small mass and of just slightly larger
inside dizmeter than the reduced section &3 is
then slipped over the reduced section and vibrates
batween the shoulders 62 and §3 which restrain
the longitudinal movement of the damping ring.
The damping ring 54 is preferably of elastic ma-
terial so thai it may be opened to permit inser-
tion over the tone kar i1 and the damping ac-
tion thereof is idemtical to that described above
in connestion with Fig. 1.

In Fig. 6 there is illustrated another alterna-
tive embodiment of the invention in which the-
tone bars 7! and 72, each of which is securely
clarmnped in the base member 18, are provided
with cavities 7§ in the upper ends thereof. The
tone bars 7{ and 72 may be secured to the base
18 by any suitable means such as the socket 14,
which receives the reduced neck 75 of the tone
bar 74, iIn the embodiment of Fig. 6, the damp-
ing body comprises a plurality of particles 80
which are loosely positioned within the cavity
18, The cavity 78 is sealed by any suitable means
such as by the cover 82 which may be of cello-
phane tape or the like. The tone bar may be
struck at a point somewhat removed from the
clamped end thereof by any suitable means, such
as the hammer 8%, to produce fundamental and
overtone vibraticns thereof.

For reasons to be discussed in more detail here-
inafter, the particles 86 are preferably of a high-
1y elastic material such as sand, and the number
of particles positicned within the cavity 78 is ex-
tremely small. For example, in g tone bar hav-
ing a cavity 78 approximately one-fourth inch
deep and % inch in diameter, it has been found
that approximately fifty grains of sand having
an average diameter of .5 millimeter will provide
a suitable damping characteristic for an elon-
gated cylindrical tone bar having an outside di-
ameter of one-eighth inch and a length of sev~
enteen and one-fourth inches, ’ )

~ When the tone kar Ti is struck by the hammer
83, vibrations are seb up in the bar so as to pro-
duce a fundamental tone and certain overtonss
as determined by the physical dimensions ¢f the .
bar. Withiout considering the effect of the par=
ticles 8¢ which are positioned within the cavity
18, it will be evident that the vibrations set up in
the tone bar 71 continue for a substantial period

-of time, the decay rate of these vibrations be-

ing determined by the internal, or inherent damp-
ing of the vibratory system. While it is possi-
ble to decrease the decay time of the tone bar 71
by using a damping material having a rather high
internal mechanical loss, which is attached to the
iree end of the tone bar, this type of dampirg
reduces the high frequency components, or par~
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“Hlals, mich niore:than: thelow: fréefuency Jover-
“tones; afidiaccordingly, dampinigrof: this type pro-
“dyces’an unpleasant “clunky”-sound :and:isnot
=huitdble s for use #inscdrillons “Or sother “similar
smusieal: instruments,

“Invconsidering: thel action "6f:the"particles 80
in providing a suitable:dampingiof the-fonebar,
itV bestiniderstbodithatiif the particles 80 are

packeéd within. the ‘¢4vity' 18 and occupy a sub-

stantial part of the cavity, the particles will slide -

overone *another-as the tone bar Vibrates:so as
to producer anrenergy loss.dueto friction between
the particles. The forces which cause the par-
- ticlés'to slide over one another must be sifficient

~fo”accelerate the particlés fi6im their” vést: posi-:

“ion, and’ due {0 the fact thit the accelevation is
oportional to the square. of the frequénéy, the
“highér. fréquency ‘¢omiponénts.. 6f the tone.are
Imich more fapidly damped” tHan the’ 16w Ire-

-guency eéomponents thereof. “While this type of -

“damping is suitable for éomplete. destriction. of
-the vibrations, sush as is'reqUired in cértain ie-
~€hanical Systéms, it does “hiot. Produce a stibtle
“datiping "of the t6rie hir drid does not preséfve
the brilliance and esthetic qualities of the tone.
In accordance with the present invention, the
particles 80 are preferably of a highly elastic ma-
terial and an extremely small number of par-
ticles is positioned within the cavity 18 so that
in the main the particles do not slide over one
another but instead collide directly with each
. other and with the walls of the cavity 78 to de-
crease the total energy of the vibratory system.
Thus, part of the energy of the vibrating tone
bar is lost at each collision of a sand particle with

the walls of the cavity 78 and with each collision -

of one particle with another. Since both the
silica particles and the steel tone bar are high-
Iy elastic the energy actually lost at each collision
is extremely small. Other sources of energy loss
include the viscosity loss as the sand travels
through the air at a high velocity and the friction
between sand particles that happen to graze by
each other. However, due to the fact that an
extremely small number of particles is employed,
the energy loss due to friction between the par-
ticles is a small portion of the total energy and
accordingly, the energy loss is not predominately
In the high frequency region. Another energy
loss which occurs is the conversion of the highly
ordered energy, which is stored in the vibrating
bar at very definite high frequency overtones, into
the random, and hence useless, energy of the
dancing sand particles.

While other finely divided materials can be
used instead of sand for the damping particles
80, these materials are preferably elastic to re-
duce the frictional losses to a minimum. Large
particles, such as steel shot, have been found un-
satisfactory since they produce a rattling sound
which detracts from the over-all tone brilliance
and clarity.

While the provision of a plurality of elastic
particles in a cavity located in the end of the
tone bar is entirely satisfactory to produce a tone
damping characteristic which is pleasing to the
ear, it is also necessary in the mass production of
tone bars for electronic carillons and the like to
provide means for varying the length of the tone
bars so that they emit a tone of a particular fun-
damental frequency. To meet both of these
requirements, the alternative embodiment shown
in Fig. 7 may be employed. Thus, referring to
this figure, the tone bar 71 is again provided
with a cavity 78 in the end thereof, in which there

10
=is.positioned a plurality of-smaill elastic: particles
¥80. in«thesmanner-deseribed -in: conneetionwith
:PFig. 8. ~However;the-cavity 78:is-closed by means
sof+a:plug'member 90-having: a-reduced-end:-por-
-5 -tian 91:which: fits-snugly-into ‘the:"end - of . the
~cavity-18. With- this-arrangement,a:-sufficient
snumber: of - particles-80 may-be: positioned with-
#in-the-cavity-78-properly-to -damp -the-tone bar
<Tl:after which the-plug:member-is inserted into
10:the;cavity: 78 and: the‘end surface 92 'of- the plug
'#90~is' then’ ground: off :a : predetermined:--amount
-50 asto tune-the tone bar assembly to-the desired
=frequericy.
In the alternative, the construction of:Fig.~8
15:may: be-’émbployed: wherein the: particles:80:are
wpositioned -atop :the freeend. of the tone bar:1i
candrareenclosed by means’ of-a-cap member-85
“whichfits:over -the’ énd-of :the tone:bar- Tl -and
sis provided:with-a central cavity 96 therein. “The
20:-cap “member= 85 is: preférably -of va-lightweight
~plastic::such- as: polystyrene:or- the- like,and +is
-of-sufficiently smallmass 50 that it-does:not-af-
~iéct the tuning’of the tone bar. ~Also, the tun-
ing of the bar may be made sufficiently sharp
25 without the cap 40 so that it will be correctly
tuned with the cap in place.

Another alternative arrangement, shown in
Fig. 9, consists in providing a hollow chamber 91
which slides over the end of the tone bar {1 and

30 may be secured in place at the free end thereof
by any suitable means, the chamber 91 com-
pletely enclosing the damping particles 80. The
tone bar ({ is then tuned in the conventional
manner by grinding off the free end of the bar

35 without interfering with the receptacle 97 which
holds the damping particles.

While there have been described what are at
present considered to be the preferred embodi-
ments of the invention, it will be understood that

40 various modifications may be made therein which
are within the true spirit and scope of the in-
vention as defined in the appended claims.

What is claimed as new and desired to be se-
cured by Letters Patent of the United States is:

5 1. In a carillon or similar device, the combina-
tion of, a tone bar, means for striking said bar to
produce tone vibrations therein, a damping ring
of elastic material loosely encircling said bar, and
means comprising two movable restraining mem-
bers for limiting the movement of said ring along
sald bar, said ring having a small mass as com-
pared with the mass of said bar to produce a
gradual decay of said tone vibrations without
excessively damping the higher partials of said

55 tone.

2. In a carillon or similar device, the combina-
tion of, a tone bar, said bar having a neck portion
adjacent one end thereof, said tone bar also hav-
ing a substantially uniform cross-sectional area

60 from said neck portion to the other end of said
bar, means for striking said bar to produce tone
vibrations therein, a damping ring of elastic ma-
terial loosely encircling said bar, and two mov-
able restraining members for limiting the move-

65 ment of said ring along & portion of said uniform
cross-sectional area of said bar, the maximum
clearance between said ring and said tone bar
being smaller than the maximum amplitude of
vibration of said bar thereby to produce a gradual

70 substantially uniform increase in the rates of
decay of all of the partials of said tone.

3. In a carillon or similar device, the combina-
tion of, a tone bar clamped at one end and having
the other end free to vibrate, said tone bar hav-

75 ing a substantially uniform cross-sectional area

4
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adjacent said other end and along the vibrating
length of said bar, means for striking said bar
to produce vibrations therein corresponding to a
predetermined musical tone, a damping ring of
elastic material loosely encircling said bar, mov-
able washers for retaining said ring on said uni-
form cross-sectional area of said bar, said ring
having a small mass relative to the mass of said
bar, the maximum clearance between said ring
and said bar being smaller than the maximum
amplitude of vibration of said tone bar, thereby
to produce a gradual substantially uniform in-
crease in the rates of decay of all of the tone
partials.

4. In an electronic carillon or similar device
utilizing a mass element, a tone bar, means for
securing said tone bar to said mass element, a
striker, means including said striker for vibrating
said tone bar, the combination comprising: a
damping ring of elastic material encircling said
tone bar, two retaining members, said retaining
members being positioned in spaced apart rela-
tionship on either side of said damping ring

10
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20
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whereby said damping ring is afforded freedom
for movement along the length of said bar, the
maximum clearance between said ring and said
bar being smaller than the maximum amplitude
of vibrations of said bar, thereby producing a
gradual substantially uniform increase in the
rates of decay of all partial tones.

FRANK H. SLAYMAKER.

WILLARD F. MEEKER.
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