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1

This invention rélates to actions Tor the excita-
tion of vibrators, such as the vibrators employed
in musical instruments. The invention contem-
plates especially, though not in-all gspects lim-
itatively, instruments of ‘the piano type, wheréin
tuned strings or ‘other vibrators are percussively
excited by hammers under the control of a key-
board. The description ‘will accordingly be pre-
sented largely with relation to pianocs.

In United States Patent No. 2,271,460 ‘issued
January 27, 1942, on =an application of ‘mine, T
pointed out the relatively great complexity of a
modern piano action-of conventional design; and
I disclosed and claimed a greatly simplified :ac-
tion from which there were -€limiinated the usual
escapement mechanism ‘(e. ‘g., jack), checking
mechanism “e. g., back-check), ‘and repetition-
aiding ‘mechanism ‘(e. ‘g., repetition lever) —yet
by which excellent and in some respects improved
performance was achieved. In cerftain subsequent
patent applications (Serial No. 556;166, filed Sap-
tember 28, 1944, now abandoned; ‘Serigdl ‘WNo.
566,979, filed December'7, 1944 -now matured into
U. 8. Patent No. 2,469,568, dated May 10, 1949;
and Serial No. 707,879, filed Noveniber 5, 1946) I
disclosed and ‘claimed ‘modifications of and im-
provements on theactions-dis¢losed inthat patent.

In a more recent patent application (Sertdl
Nc. 760,795, filed July 14, 1947) ‘T-disclosed a plano
action having “certain features in common ‘with
the actions of the patent and applications gbhove-
mentioned, but specifically-different therefrom’in
that it retained the checking mechanism, or'back-
check, of conventional actions—still-elinminating,
however, the escapement and ‘repetition 'mecha-
nisms. In the action disclosed in that applica-
tion the underlying requirement of -a satisfactory
action—that the hammer or other vibrator<ex-
citing ‘member be ‘precluded, upen rebounding
froem the vibrator after its initialexcitation there-
of, from re-rebounding or “bouncing” back intoa
further coritact (or series -of ‘further com‘acts)
with the vibrator—was accomplished by o brak-
ing effect exerted on the'hammer. Forthe exert-
ing of that braking effect there was-employed a
back-check, or means of a ‘generally -similar na~-
ture—though of course in‘an arrangement where-
{n'it performed Tunctions further than-and differ-
ent from its functions in a . conventional action.

The back-check was effectively employed to exert :

the requisite braking effect without entailing the
result which ‘tends to occur from effective ‘back-
¢hecking in 'a -conventional action—the .exertion
of a detrimental €ffect:on repetition. Further,
the braking effect was -caused ‘to be ‘a ‘dynamic
one—i. :e., ;proportional-to ‘the -need therefor.
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Tt is an-object -of the uresent invention to pro-
vide a modified action characterized by the .gen«
eral Tunctional features just cutlined. :

It is-an object of the invention to ‘provide :an
improved -action characterized by those fune-
tional features. :

In the action disclosed in the iast inentioned
co-pending application the.elernents which .came
into ‘impingement with each other to .exert the
braking effect were the hammer and the back-
¢heck. Tt is-an object.of :the present .invention
to provide alternative arrangements of those gle~
ments, wherein they will still, however,.come into
impingement with.each other:to exert-the hraking
effect.

In the-action -disclosed in the last mentioned
co-pending application the impingement hetween
the elements above referred fo-cecurred as.a re-
sult.of an oseillatory “‘swing” of ‘ere of those sle-
ments from its normal or slow-motion path. .1t
is-an-object of the present invention to:provide:an
arrangement:in which the impingement hetween
the elements required for the braking-effect is not
dependent .on an oscillatory nature.of swing .of
either element (though such a swing is ‘permissi-
bie), but may be caused by a simple unilateral
displacement of one of the elements.

In the action disclosed in the last mentioned
co-pending application the disrescion of .one of
the elements from normal or-slow-niotion path to
oceasion the braking effect was a lateral displace-
ment. It is an object of the present invention to
utilize & terminal ovarshooting of the normal-or
slow-motion path as the digression .causing the
braking effect. .

In the action disclosed in :the last mentioned
co-pending application the element arranged to
digress significantly from its normal path to-cause
the braking effect was the hammer. It .is.an ob-
ject-of the .present invention to eifectively utilize
the back-check as the digressing one of the cle-
ments.

In an action embodying the broad principles
disclosed in the last mentioned co-pending apuli-
cation there may he associated with one of thé
élements, to cause and control its digression, hoth
a resilient means and & mass. Itisan chject of
the present'invention to-associate such a-resilient
means-and mass with the back-check in a particu-
larly convenient and effective manner.

-Other -and allied cbjects will more fully appear
from:the following description-and the appended
claims. :

‘In the description:of my inventicn hereinafter
set ‘forth, reference.is had toithe ‘accompanying
drawings, of 'which
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Figure 1 is an elevational view of one embodi-~
ment of my invention, incorporated in an action
of the grand-piano type;

Figure 2 is an elevational view of a portion of
the apparatus of Figure 1 but illustrating the
same with the components in positions which they
oceupy at a certain stage during operation;

Figure 3 is an elevational view of another em-
bodiment of my invention, incorporated in an ac-
tion of the upright-piano type; and

Figure 4 is an elevational view of a portion of
the apparatus of Figure 3 but illustrating the
same with the components in positions which they
occupy ab a certain stage during operation.

In Figure 1 the numerals 1, 2 and 3 respec-
tively designate the front, intermediate and rear
rails of the key-assembly portion of a piano ac-
tion. Extending upwardly from the rail 2 is
shown a pin 4, encircled by a bushing or pad 5;
and a key 6 is shown pivotally assembled on that
pin and resting on that pad. The front end of
the key extends over the rail I, which is provided
with the guide pin 7 extending upwardly and
freely into the key, that pin being encircled by
the bushing or pad 8 underneath the key. The
rear end of the key is shown in its normal posi-
tion of rest against the top surface of the strip
or pad 9, which in turn is secured on the top
surface of the rear rail 3. Between the pivot
pin 4 and the rear extremity of the key, the key
6 is provided with the upwardly extending cap-
stan secrew 18. The key assembly as so described
will be recognized as well known.
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Driven by the capstan screw 10, upon opera- -

tion of the key § (i. e., downstroke of its forward
extremity), is the hammer i{. This may be
considered as comprising the hammer head £2;
the hammer stem |3, at the rear end of which
the hammer head 12 is attached; the hammer
butt 14, in which the forward end of the ham-
mer stem I3 is secured; and the pad 16 secured
to the lower surface of the hammer butt (4. The
butt 14, and thereby the entire hammer fi, is
pivoted at 17 to a flange 18, which in turn is
secured to a suitable rail 19 in the action.

The hammer {i is coupled to the capstan
_screw 18, so as to be driven by the key 6, through
a suitable coupling member such as 81. This
may be in the form of a cylinder, for example
of metal, with each of its end portions spun over
into end-closing formation excepting for a rela-
tively small central aperture—as shown in Fig-
ure 1 for the upper end of the member 51. In
and extending downwardly from the hammer
butt i4 through the pad (6, a short distance
rearwardly from the pivot 11, there is secured
a small pin 53; and in and exfending upwardly
from the capstan screw {8 there is secured a
small pin 54. The parts are so positioned that
the pin 53 is disposed approximately above the
pin 54. 'The coupling member 57 may extend
from the pad 16 to the capstan screw 10, except-
ing that a pad 58 of thin felt or the like may
intervene between the top of the capstan screw
and the bottom of the coupling member. The
pins 53 and 5& respectively extend freely through
the apertured ends of the coupling member.

The string which the hammer il is to strike
is shown as 20, horizontally disposed above and
in the path of movement of the hammer head 12
when the hammer pivots gbout 11.. It will be
understood that upon operation of the key 6 the
attendant upward movement of the coupling
member 57 will rock the butt 14 upwardly about

40

4
the pivot {71, carrying the harmmer head (2 to-
ward the string.

The capstan screw {8 may be so adjusted that
at the conclusion of an abnormally slow opera-
tion of the key—i. e., one so slow that the cou-
pling member remains in contact (through 83)
with the capstan screw and the pad {8 remains in
contact with the coupling member—the active
(top) end of the hammer head {2 will have
brought to a small distance from the string 2§;
this distance may be comparabie, for example,
to that to which in a conventicnal action the
hammer head has been brought at the time of
“tripping.”

The norinal position of the hammer will be
fixed by the resting of the butt {4, through pad
16 and coupling member 51, against the capstan
screw {8, and the resting of the rear end of the
key through pad 8 on the rear rail 3. The down-
ward displacement of this normal hammer posi-
tion from the position occupied by the hammer
at the conclusion of key operation (e. g., the key
operation mentioned in the preceding para-
graph) will of course be determined by the dis-
tance through which the capstan screw i moves
during key operation—and this distance of cap-
stan-screw- travel is in turn established, as con-
ventionally, by adjustments of the effective
thicknesses of pads 8 and § (as by choice of the
thicknesses of stacks §a and 8g of paper or card-
board washers with which the fixed-thickness
pads 8 and § may be supplemented}, which ad-
justments of course fix the length of keysiroke
(as well as the normal key leved).

Though not indispensable, it may be desired
to provide some form of stop against “over-
shooting” of the hammer downwardly up key
release (due to momentary yieldings of various
parts such as pads i8, 9, etc.). Purely by way of
example there has been shown under the ham-
mer stem (2 a pad 23 of soft felt or the like, se-
cured to the top of a removable rail 24, The po-
sitioning of the rail 24 and the thickness of the

- pad 2% will be such that on downward hammer

55
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- movement to slightly below normal hammer po-

sition the hammer stem (2 will impinge against
the pad 28—from which it will, however, nor-
mally have a slight spacing. .

Simply by way of simplification of illus-
tration, there has been omitted from Figure 1
any showing of the usual damper for the string
28: this may, however, be provided in any con-
ventional manner.

When the key § is operated the hammer will be
propelled toward the string, until the forward
end of the key bottoms on the pad §. At this
point the movement of the key and of the cou-
pling member 57 will be essentially stopped; in
the case of stronger blows administered to the
key, however, the key and coupling member will
continue their movements for a small further
distance with the pad 8 is being compressed to a
slight degree, but any such continuance is at
sharply reduced velocity. (Key and coupling
member may execute a still further excursion,
though only momentarily, while the upward in-
ertia of the rear portion of the key momentarily
causes a slight lifting of the key from its rest-
ing on pad §; any such excursion will be rela-
tively minute, however, and if troublesome in any
degree may be precluded by means such, for ex-
ample, as are shown in connection with a later
embodiment of my invention herein.) )

The hammer has been propelled by the cou-
pling member up to the time of key impingement
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on-pad 8, and has acquired .an ‘upward inertia of
its own. At this:time, being free to continue its
movement, it ceases to be propelled by the now-
stopped or much-slowed coupling member, and
moves on without discontinuity of velocity to
strike the string. Tt produces an initial upward
deflection .of the string; it then moves down-
wardly with the string as the latter :accelerates
from its deflected position back toward its nor-
mal position, thus starting a rebound from -the
string.

As the string passes through its normal posi-
tion and decelerates in its downward movement,
the ‘hammer under its own inertia (as well as
gravity) leaves contact with ‘the string and con-
tinues its rebound downwardly through the small
distance required ‘to bring it into impingement
against the -coupling member 57—assuming the
key to have remained in operated position since
the propulsion of the hammer by it. ‘Of course-if
the 'key has not remained in operated position
(i. ., if it has been released promptly after be-
ing struck) the downward passage of the hammer
will .continue through the very substantial dis-
tance required to restore it to its normal (Figure
1) position. 'While it will tend to overshoot that
position, there have already been described means
(i.-e.,, pad 23) for relieving any resulting strajins—
and the hammer will be so far from the string
that any re-rebounding toward the string is quite
harmiess.

- If, however, the key hag remained in operated
position ‘the hammer, upon passing through the
small distance required to bring it into impinge-
ment agdinst the -coupling member ‘57, will -come
into such impingement and will then, by its in-
ertia, cause a temporary compression.of various
compliant members in the system, including the
hammer stem 13, the pad 16, the pad 5, the pad
58, and various other compliances (including the
equivalent compliance of the pad 8 if that is then
being compressed by pressure on the key, in that
there will be occasioned a temporary de-compres-
sion of that pad), the hammer moving down-
wardly at decreasing velocity while yielding up its
energy to those compliances. The hammer will
then be moved upwardly, by the release of the
energy acquired by those compliances, at a veloc-
ity which increases until the hammer has reached

the point at which it began the compression of -

those compliances, by which time all the energy
it delivered to those compliances (reduced -only
by dissipation ‘therein) will have reappeared in
the hammer in the form of upward inertia.

The foregoing outlines the action of the ham-
mer in the absence of appropriate counteractive
measures. And it will be understood that if such
counteractive measures are not applied, the ham-
mer will respond to its own inertia by continuing
on toward the string, and will re-strike the string
excepting in the special case of a relatively weak
original striking. Upon rebounding from the
string after the re-striking, or dropping .down
again without re-striking in the special case just
mentioned, the hammer will enter the second
cycle of an oscillation to and from the coupling
meniber 57 which oscillation may be considered
to have begun when the hammer first rebounded
from the string after the original, intended strik-
ing. The only limitation of the number of .cycles
of this oscillation, in the absence of counteractive
measures, is provided by the gradual dissipation
of energy in the system—and the hammer may
re-strike the string in as many as several of the
early cycles of the oscillation. It was to prevent
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6

such tonally-ruinous occurrences that the escapé-
ment ‘mechanisms of .conventional actions were
resorted to-and.are still.employed.

According to the ‘principles -employed both in
the disclosure-of the last abovementioned copend-
ing-application and in the instant invention, I ap-
ply a braking force to the hammer during its.at-
tempted -oscillation to and from the coupling
member 51; by such application I'limit the.oscil-
lation to.a harmlessly low magnitude and rapid

attenuation, T apply this braking force in pro-

gressively greater .degree the higher the velocity
of key operation, with the results not only that
the ‘braking parts -are saved from needless wear,
but -also that :full reliability of operation is :in-
sured. -And I limit the -application .of braking
force to the period -of attempted oscillation .of
the hammer, not.only avoiding. interference with
theprior propulsion of hammer to.string, butalso
leaving the hammer quite unbraked by the time
it .concludes its attempted .oscillation—with the
result that there is no interference whatsoever
(such as occasioned in a conventional .grand-
piano action by a tight engagement of hammer
tail with back-check) with immediate repetition.

Both in the prior.disclosure and in that of the
instant application the braking means is typically
formed by the:hammer as. one element; by a sec-
ond element with which the hammer may enter
into impingement at proper times, to result in
the frictional relative movement which is char-
acteristic- of a braking action; and by means for
causing impingement ‘between the two -elements,
or in other words rendering the braking means
effective, at the proper times. As in'the prior.dis-
closure, I may again conveniently utilize for the
second element o checking mechanism or back-
check of which the hammer-engaging portion
may be formed in general similarly to that of a
conventional grand-piano back-check. Accord-
ing to the illustrated embodiments of the present
invention, ‘however, it is in the back-check or
non-hammer element of the braking means that
I incorporate the means for rendering the brak-
ing means effective.

In Figure 1:the back-check is designated gen-
erally as 40. Tts portion arranged for immediate
cooperation with the hammer:may be formed by
a block 42 of wood or other relatively hard mate-
rial; a-pad-&3 of relatively soft felt or similar ma-
terial secured against the upper forward surface
of the block 42; and a facing 44 of leather or the
like ‘secured to the rear-top and forward-bottom
portions of the black 42 and encircling the pad
43. ‘The block 42 may be secured on the top ex-
tremity of a-rod 41, the bottom end of which is
fastened in a weight 48. This weight may be dis-
posed ‘within a recess §’ in the top of the'vear por-
tion of the key 6 and may normally rest, for-ex-
ample, on .the ‘bottom of that recess through a
pad 45 of fairly hard felt or other slightly yield-
able material. Secured to the top of the weight
46 is the rear extremity of a flat spring 471, the
forward extremity of which is secured (as by
screw 41a) to the top of the key & slightly for-
wardly of the recess 6’.

The frent surface of the back-check is prefer-
ably arvanged so that, progressing upwardly from
the bottom, it gradually accomplishes a2 very
slight reduction of its separation from the ham-
mer pivot I7. The top surface of the back-check
may be a convex one, progressing from the front
surface -along an arc of relatively small radius
centered within the upper portion of the back-
check. The vresult of this preferred construec-
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tion is to provide, near the top elevational level
of the baek-check, a horizontal line or narrow
region 48’ whose separation from the hammer
pivot 17 is less than that of any other part of the
hammer-cooperating portion of the back-check.

The part of the hammer against which the
back-check exerts its braking effect may bhe a
hammer tail {5, generally similar to that conven-
tionally provided in grand-piano actions. Such
a hammer tail hag been illustrated as ¢5, formed
for example in the usual manner by a downward
extension of the wooden core of the hammer
head 12. While it is not indispensable, I prefer
to incorporate in the hammer tail {5, to form
its rear surface, a facing 15a¢ of leather or simi-
lar material. The hammer tail {5 is desirably so
 shaped that the bottommost portion of the rear
surface is rounded off downwardly and forwardly
from the immediately higher portion, which lat-
ter may be approximately arcuately shapsd about
thé hammer pivot {7, the two portions merg-
ing smoothly at the horizontal line or narrow
region 11’

The relative elevations of the regions 48’ on the
back-check and i {’ on the hammer are preferably
so established, by appropriate design of those
two elements, that these regions are approxi-
mately opposite each other when the key, having
been depressed very slowly, is being pressed
against the pad 8 with force equal to that with
which it is so pressed at the conclusion of a rela-
tively strong blow on the key. The relative fore-
and-aft positions of the back-check and hammier
are preferably so established (and, for example,
finely adjusted by bending of the rod &1) that
the path of the back-check region &8’ (which
during the slow key motion has pivoted about the
top of the pad §) will just have arrived at an
intersection with the path of the hammer region
¢’ (which of course pivots about i7) under the
same conditions. These conditions ars those un-
der which the parts assume substantially the
positions illustrated in Figure 2.

The designations 11’ and 40’’ may be assigned
to regions, on the surfaces of the hammer and
back-check, respectively, each of which embraces
the respective region §{’ or 48’ abovementioned
and additionally includes a small surface portion
immediately thereabove. It is between these
regions {1’’ and 48’ that impingement occurs
at appropriate times between the hammer and
the back-check,

The means which causes this impingement at

those times is comprised in the back-check. It
typically includes the weight 48 and the spring
£7 already mentioned. It will be understood that
the spring 47 constitutes a resilient or fliexible
portion; further, that this together with the mass
of the weight 48 (augmented by the effective mass
of the portions 41 —42—4§3—44 of the back-check
fastened to the weight) forms a unilateral me-
chanical oseillating or “swinging” system. The
term “unilateral” is employed in view of the fact
that swings in one direction (. e., of the weight
toward the key therebelow) are precluded by
the normal resting of the weight through the pad
5 on the key. Swings in the opposite direction,
however, are not precluded, and it is upon these
swings ‘that dependence is placed for bringing
the regions {{’’ and 48’’ into impingement with
each other to occasion the braking of the ham-
mer.

~Thus when the key 8§ is depressed at any sub-
stantial veloecity the mass, mentioned above, of
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énergy. When the key impinges on the pad §
and the key velocity executes a rapid reduction
to zero, the kinetic energy of the weight will
cause the back-check to execute an excursion
from its normal relationship to the key. The
very first part of this excursion will comprise
the release of such compression as the pad 45 may
normally be subjected to; but the excursion will
continue, with the weight 46 rising for a distance
away from the pad. The upward velocity of the
weight will of course be reducing and will even-
tually reach zero—at an interval after the be-
ginning of the excursion determined by the mass
abovementioned and the stiffness of the spring
§7—whereupon the weight will start downwardly
toward the key and will come back into impinge-
ment against the pad 45. The weight will then
tend to temporarily compress the pad- to 2
greater-than-normal degree, then to move up-:
wardly again, and so on, oscillatorily; but the
relative incompressibility of the pad 45 will pre-
vent any very substantial displacement of the
weight toward the key beyond its normal posi-
tion relative to the key, while the inherent
damping action of the pad 45 will preclude any,
very appreciable continuance of the oscillatory
tendencies. It may be mentioned that this damp-
ing action may, if desired, be increased by the
employment, instead of felt or the like for the
pad 45, of a more viscous (. e., energy-absorp-:
tive) material such, for example, as Butyl rub-
ber. .
So long as the weight 46 moves with the key,
the back-check movement is a pivotal one about,
the top of pad B—thus being very nearly vertical,-
its path forming a relatively oblique angle with
the path of movement of the hammer region.
{1’’,- The continued movement of the back-check.
just described, however, becomes a pivotal one
about the effective point of its securing (. e., the
securing of the spring 47) to the key. It will
readily be appreciated that this latter movement,
as felt at the region 40’’, has a large forward
component (e. g., of the same order of magnitude
as the vertical component) and that it is there-
fore much more nearly at right angles to the path.
of the hammer region {1’’. In the absence of
any screw through the spring 47 other than the
screw 41 which secures that spring to the key,
the effective pivoting point for the continued.
back-check movement would be substantially at
that screw. I prefer, however, to employ another
serew 471D a little to the rear of screw 41a, passing’
the screw 47b freely through the spring and on:
down into the key, which I provide with a slight
recess '’ (merging into the larger recess 6’ to,
the rear of it) underneath the spring at this fore-
and-aft position. By turning the screw 47b I
am able to adjust the pressure with which the;
weight 46 normally rests on the pad 4§, and to
some extent the effective stiffness of the spring
47. The presence of the screw 47b of course
causes some rearward displacement of the effec-
tive pivoting center for the continued back-:
check movement. o
When key depression has been carried to the
point where the key first touches the top of the.
pad 8, the hammer will have reached a position.
a trifle lower, and the back-check a position a:
trifle lower and more rearward, than the posi-
tions typically illustrated in Figure 2. The key
movement then being rapidly slowed to zero, the:
two elements just mentioned will nevertheless
continue their respective movements. In view of

the . ‘back-check  agcquires substantial kinetic 7§ its many-times greater velocity, and assuming an.
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“appropriate establishment of the:mass snd stiff-
-ness of the back-check slements, the hammer will
-have passed its Figure 2 pdsition sooner than—
tYypically, it -will have reached the:string when—
‘the back-¢heck has reached its Figure 2.position.

As the back-check passes its Figure 2 position
its -region 48’ intersecis the path of movement
‘of the hammer region §§’’. If at this time the
hammer has already rebounded somewhat from
the string, impingement of the region 40’ and
the region 11’ will oceur substantially forthwith.
If the hammer has not yet significant’y rebound-
:ed, its region (i’ will be above the back-check
region 40’, but still elevationally opposite and
cldse to some higher part of the.region 40’
and the first small irterval of hammer rebound
will be sufficient -for the movements of back-
check and hammer to occasion impingement of
the region 40’ and the region I1’. In any case
the region 48’ .and the region 1’ will.come into
impingement with each.other, and the hammer
will drive down for an interval in contact with
the back-check-——the parts (especially the pad 43
in the back-check) yielding while that contact
continues, }

This contact, since it depends on the unilateral
swing of the back-check out of normal relation-
ship to the key, is of-course temporary only—and,
since it is influenced by the magnitude of the
-swing, its duration will be less with low than with
‘high key velocities. .Its:duration is.ample, how-
ever, for the resulting frictional energy dissipa-
tion ‘to attenuate the-energy of the rebounding
hammer amply to preclude its reaching the string
on any re-rebound from the-coupling member 57,

if not to preclude any such re-rebound altogeth- -

er—and the shorter duration with lower key ve-
locities is -entirely permissible since the braking
requirements-are inherently less with those lower
key velocities. It will further be understood that
the temporary nature of the contact leaves the
-hammer free of any continued restraint by the
back-check, so that perfection of repetition is
assured. o o

The choice of mass of the weight 45 and stiff-
ness-of ‘the spring 41, while -important, is in no
-sense critical. -And with ‘any given values of
those parameters a considerable latitude for ad-
Justment -is provided by ¢he screw 47b above-
mentioned.

In Figures-3 and 4 I -have illustrated an em-
bodiment of my invention in an action for use
in an upright piano. Herein there appear, as in
-earlier figures, the rails £, 2 and 3; the pivot pin
4; the pad 5; the key §; the guide pin 7; the pad
8; and the strip-8. The key at its rear extremity
may carry the pad I8 of relatively hard felt or,
if desired, of more viscous-material such-for ex-
ample-as butyl rubber. On this pad may normal-
ly.rest the round head {{6b-of -an adjusting serew
118 hereinafter mentioned.

The -hammer appears as #1{, and includes a
rearwardly directed head {12, a stem 113 at the
top of which the head 112 s carried, and a butt
{14 from which the stem {13 ‘extends upwardly.
The butt #{4 is pivoted at H1T $o a fange 118
which -extends rearwardly from the pivot to be
secured to the top 'of - suitable rail :122. The
‘butt 114 is provided with a forwardly extending
“shoe” 1&a through which, at a Litle distance
from the main body of the butt, there passes the
adjusting screw 110 -abovementioned. The top
of -this serew -may be provided with o -Screw-
driverslot 118¢ for adjusting purposes, while the
‘bottom of the screw may bz formed into the
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‘round -head {i0b already seen to rest normally
-on-the pad 115. A spring 121, one extremity:of
‘which appears in Figure 3, may be employed -in

-association with the pivot 147 to lightly -urge
the hammer forwardly about the pivot.

‘The string which the hammer {i{ is to strike
is shown as {20, vertically disposed behind and
in the path of movement of the hawmimer head
112, It'will be understood that upon depression
of the key the upward movement of the pad 116
will rock upwardly the screw 118, thus rocking
the entire hammer and carrying the head 112
toward the string. The screw 118 may be so
adjusted that at the conclusion of an abnormally
slow depression of the key the hammer head {12
will have -been brought to a relatively small dis-
tance from the string. The normal position -of
the -hammer will be fixed by the resting of the
screw ‘110 ‘on the pad 118 and the resting of the
rear end of the key on pad 9«all:in analogy to
the fixing -of the hiormal position of the hammer
in the earlier-described embodiment of my -in-
vention, and subjéet to similar comments as ‘to
adjustmerits.

‘As a-stop against “overshooting” of the ham-
mer forwardly upon key release (due to momen-
tary yieldings -of various compliant parts), with
consequent strain on the hammer stem 112, there
may be provided -a rail {24 carrying a strip ‘123
of -soft felt or the like on its rear surface, in
such a position ‘that on forward hammer -mo-
tion to slightly ‘beyond normal hammer position
the ‘front end of the hammer hedd {12 will im-
pinge against the strip (23—from which it will,
however, normally have g slight spacing. If ‘it

-be desired that the hammer at times have ‘a

reduced spacing from the string 1298, the rail
124 may be moved rearwardiy—for which ‘pur-

:pose it has beeh shown as forming the -cross-

arm of a bail one of whose side-arms appears as
125, pivoted at 126 to permit the just-mentionéd
rearward ‘movement (which may be effected by
the usual “soft pedal,” not shown). As usual
under conditions of less-thHan-normal haminer-
to-string spaecirig, the -key-hammer ‘contact (at
H6—110D) will be-opened up until some initial
portion of key depression has been completed.-
‘As a-stop agaihst-monientary overshooting up-
wardly by the rear-end of the kéy—which may
tend to oceur as a result-of the key momentarily
rising out of contact with the pad 5 at the con-
clusion of a depression of its forward end-~T have

-shown -a stop member 127 extending forwardly

from the rail 122; the surface of this stop mem-
‘ber may be provided with a -covering 127a of
slightly compressible and prefersbly viscous ma=
terial :such, for example, as hutyl rubber. A

‘shoe 118¢ niay extend rearwardly from the rear
end -of the key under the stop member {27, at
‘such -an ‘elevation that upon key -depression it

will essentially exhaust the compressibility of the
covering 127¢ ‘when pressure on the front end
of the key -has essentially exhausted the com-
pressibility ‘of the pad ‘8. The use of such a
stop ‘member, which is of course not limited to
the presently described embodiment, will be un-
derstood 'simply ‘to insure that behaviour of the
rear end of the ksy which is to be expected from
the rhanipulation-of the front end of the key.

It 'will be understood that, with the pad 16
considered gs Tepldcing the coupling member 57
of the esrlier-described embodiment, the same

‘general organization of elements is present‘as in

that embodiment; that the manner of basic op-
eration, subject only to ‘the obvious interchange
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of rearward for upward hammer movement, is
similar; and that similar hammer-oscillation
problems are encountered and must be dealt with.
In this embodiment I employ essentially similar
means for solving those problems, buf with vari-
ations appropriate to the altered arrangement oi
the hammer relative to the key. Thus I again
employ a back-check carried by the key, and a
hammer tail with which the back-check may
come into impingement; but whereas in the ear-
lier-described embediment the back-check was
arranged to cooperate with the outer face of the
hammer tail (i, e., the face more remote from
the hammer pivot), I reverse that arrangement
in the instant embodiment and place the back-
check so as to cooperate with the inner (or pivot-
ward) face of the hammer tail.

By way of optional variations not necessarily
peculiar to the present embodiment, I omit from
the active surface of the hammer tfail therein
any covering such as the leather or similar fac-
ing i85a of the earlier embodiment; and I cou-
tinue the active hammer-tail surface smoothly
to beyond the cutermost point or region thereon
where the back-check could impinge, thus elim-
inating any such feature as the rounded-off bot-
tom extremity of the hammer tail of the earlier
embodiment.

The hammer tail in Figures 3-4 is designated
as 115; while no limitation thereto is intended,
‘it is shown formed as an attachment to the core
of the hammer head {12, rather than as an in-
tegral piece therewith. From its secure attach-
ment to that core the tail 115 extends disgonally
downwardly and forwardly. Starting at a peint
115’ part-way out along the fail from the ham-
mer head proper (which point is closer to the
hammer pivot t1T than is any part of the tail
nearer the stem {13), and continuing on to the

end 115’ of the tail, the inner (pivet-ward) sur- 4

face of the tail #15 is approximately arcuately
formed, typically with a radius of the order of
magnitude of the separation between point 115"
and pivot 17, but about a center forwardly dis-
placed from that pivot the end and outer sur~
faces of the tail may be of any convenient con-
figuration.

The back-check in Figures 3—4 is designated
generally as {48. It may comprise a block 42,
pad 42 and facing 44 respectively similar to the
corresponding parts of the back-check earlier
deseribed; the rod 141 extending generally down-
wardly from the block 42 which is secured there-
on, in this instance however from the lon<er-
dimension (rather than the end) face of that
block; the weight 148, from which the red (4%
extends ‘upwardly, and which is conveniently
formed of & flat strip of heavy metal twice folded
back upon itself and clamped in its folded state
by the screw {48a threaded through ifs several
folds; and the spring 47 at the rear end of which
the weight (4% is secured, and the front end of
which is secured to the ftcp of the key by the
screw 87¢. Beginning just behind the screw 47q
the key may be slightly reduced in height, as
indicated at the slight shoulder 6’’’; and the
‘screw 47b may be passed freely through the spring
47 and into the reduced-height rortion of the
key-~for the same function as the screw 476 of
the earlier embodiment. The pad 85 of that
embodiment may be replaced in this by a plug-
shaped pad {45 inset into the top of the key under-
neath the screw {48¢ and normally borne on by
the downwardly directed head (48b of that screw.

The back-check {40 is arranged with its fac-
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inig 44 disposed toward the hammer stem 113 and
tail 115; with the key in rest position the back-
check may have only a slight spacing from that
stem. Its portion 42-—43-—44 may be orienied
so as to cause its portion furthest from the
hammer pivot #{7 fo be a horizontal iine or nar-
row region [£8’ generally corresponding to 46’
of the earlier embodiment; such orientationis
readily accomplished by a bending of the rod
144 at a point a little below 42.

When the key, having been depressed very
slowly, is being pressed against the pad § with
force equal to that with which it is so pressed
at the conclusion of a relatively strong blow
on the key—the conditions approximately illus-
trated in Figure 4—the hammer and hammer
tail will have been moved rearwardly about {7
(bringing the hammer head to a small separa-~
tion from the string), and the back-check will
have been moved a smaller distance upwardly
and forwardly about the top of pad 5. The paris
may be so adjusted (final adjustment being, for
example, by turning of the screw {46a to lower
or raise its head i48b) that then the back-check
region (46’ is opposite (below) an intermediate
portion of the inner surface of the hammer tail
lying between 115’ and {15’ (which surface por-
tion is conveniently designated as if{1’), and is
just out of frictional contact therewith.

It will be apparent that the back-check—
spring 47 together with the weight 146 aug-
mented by the effective mass of the portions
141—42—43—44 fastened to the weight—
forms a unilateral mechanical swinging system
analogous to the one described in connection
with the earlier embodiment. As in that em-
bodiment, when the key is depressed at any sub-
stantial velocity the mass of the back-check ac~
quires substantial kinetic energy, and that when
the key impinges on the pad 8 this kinetic en-
ergy will cause the back-check to execute an
excursion from its normal relationship to the
key.  As in the earlier embodiment, this fur-
ther excursion will involve an upward and for-
ward movement of the back-check about the
screw 4Tb as an approximate pivot. And, in cor-
respondence with the earlier embodiment, the
hammer will have passed its Figure 4 position
slightly sooner than the back-check reaches its
Figure 4 position, and will strike the string with-
out interference from the back-check.

But as the back-chéck passes its Figure 4 posi-
tion its region (49’ nearest the hammer fail will
have intersected the path of movement of the
hammer-tail surface portion 11{’. If at this time
the hammer has rebounded sufficiently from the
string to bring the hammer-tail portion {{I’
above the back-check portion 149’, impingement
between the two portions will occur substantially
forthwith. If the hammer has not yet rebounded
that far, the back-check will continue its excur-
sion for a minute further distance, and there will
then occur an impinrement between the back-
check portion 148’ and a hammer-tail surface
portion slightly forward of the portion {1{’'—
the radial formation of the inner surface of the
tail {§5 about a center forwardly displaced from
{11 causing it to act against the back-check
as a cam, thus rendering especially non-critical
the exact region along that surface at which the
impingement may occur.

Again, of course, the contact of hammer-tail
and back-check is temporary only, is of dura-
tion dependent on key veloeity, is ample in dura-
tion for the resulting frictional energy dissipa-
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“tion ‘to sufficiently -attenuste the energy of ‘the
‘rébounding hammer, -and very promptly leaves
“the hammer in condition for effective repetition.
“In Figures 3—4 I have shown a damper 139,
secured on-a-verticgl-rod 131 near the top.of the
‘Tatter. The bottom portion of the ‘rod 131 may
be secured to the vertical part of a small spring
bracket 122, the horizontal part of which may be
secured to the rail {22; the spring bracket 132
may bias the damper against the string. At an
intermediate point on the rod (31 there may be
welded to its forward surface the extremities of

a small stirrup 13la, and through this stirrup
there may be passed a loop forming the rear ex-

tremity -of a flexible tape 133. This tape may

extend forwardly, passing @longside the hammer
stem 13, and may terminate in-a Joop encircling
‘8 small spool 134, This spool may surround.and
frictionally engage a rod 135 extending upwardly
from the key 6 between the key-pivoting rod 4
and the rear extremity of the key. The tape 133
will be of such a length that normally it will be
a trifle slack; upon key depression, however, the
spool {34 will be moved upwardly and forwardly
in an are about the top of pad 5, and the tape
will be pulled forwardly by the forward compo-
nent of the spool movement, taking the slack out
of the tape and nulling the damper out of con-
tact with the string. The distance of movement
of the damper effected by key depression may of
course be varied hy sliding the spool up and down
along the rod 135.

While T have disclosed my invention in terms
of particular embodiments thereof, and with
reference to a piano as a typical instrument and
to a string as a typieal vibrator, I intend
thereby no unnecessary limitations. Modifica~
tions in many respects will be suggested by my
disclosure to those skilled in the art, and such
modifications will not necessarily constitute de-
partures from the spirit of my invention or from
its scove. which I undertake to define in the fol-
lowing claims.

I claim:

1. In 3 key-operated action for exciting the
vibrator of a mwsieal instrument, a hammer mov-
able to strike the vibrator; means, continuously
retained in & hammer-provelling path and moved
by key operation to a limiting position in that
path, for prorelling the hammer toward the vi-
brator, to and from which means while in that
position the hammer attempts to oscillate after
striking the vibrator; and means, comprising a
mass carried by and placed in motion by the key
and a flexible member interposed between said
mass and the key, for hraking the hammer dur-
ing such attempted oscillation only.

2. In a key-operated action for exciting the
vibrator of a musical instrument, 2 hammer mov.-
able to strike the vibrator; means, moved by the
key in a hammer-provelling path and retained
in a limiting position in that nath while the key
remains operated, for propelling the hammer
toward the vibrator, to and from which means
while in that position the hammer attemovts to
oscillate after striking the vibrator; and inertia-
controlled means, carried by the key and re-
sponsive to the velocity of operation thereof, for
applying to the hammer in such attempted os-
cillation thereof a brakineg force variable in ac-
cordance with such velocity.

3. In a key-overated action for exciting the
vibrator of a musical instrument, a hammer mov-
able to strike the vibrator; means, moved by the
key in a hammer-propelling path and retained
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‘In:a limiting position in that path ‘while the key

remzins operated, for propelling the hammer
toward the vibrator, to and from which means
while in that position the hammer attempts to
-oscillate after striking the vibhrator: normally
inoperative means carried by the key for brak-
‘ing the hammer; a flexible member -included in
:said braking means to permit its establishment
in operative condition; and inertia means in-
cluded in said braking :means and cooperating
with said flexible member to maintain the brak-
ing means in inoperative condition during ham-
mer propu'sion but to place the braking means
in operative condition during such attempted
‘hammer oscillation.

4. In a key-operated action for exciting the
wibratorof a musicalinstrument, a2 hammer mov-
able to strike the vibrator; means, moved by the

-key in a hammer-propelling path and retained

in a limiting position in that path while the key
remains operated, for propelling the hammer
toward the vibrator, to and from which means
while in that position the hammer attempts to
oscillate after striking the vibrator: a back-check

-moved by the key, free of interference with the

hammer element when the key is operated at
very low velocity; and means, included in the
back-check and rendered effective by inertia
upon operation of the key at higher velocities,
for causing impingement between the back-check
and the hammer during such attempted hammer
oscillation.

5. In a key-operated action for exciting the
vibrator of a musical instrument, a hammer mov-
able to strike the vibrator; means, moved by the
key in a hammer-propelling path and retained
in a limiting position in that path while the key
remains operated, for propelling the hammer
toward the vibrator, to and from which means
while in that position the hammer attempts to
oscillate after striking the vibrator; a back-check
moved, normally free of interference with the
hammer, by the key; a flexible member included
in said back-check to permit impingement bhe-
tween the back-check and the hammer; and in-
ertia means included in the back-check and co-
operating with said flexible member to maintain
the back-check free of the hammer during ham-
mer propulsion but to cause impingement be-
tween the back-check and the hammer during
such attempted hammer oscillation.

6. In an action for exciting the vibrator of g
musical instrument, a hammer movable to strike
the vibrator, from which after such striking the
hammer rebounds: a movable key for propelling
the hammer toward the vibrator; and means,
moved by the key during key movement and ren-
dered effective only by its own kinetic energy
acquired during such movement by the key, for
frictionally engaging the rebounding hammer.

7. In an action for exciting the vibrator of a
musical instrument, a hammer movable to strike
the vibrator, from which after such striking the
haramer rebounds: a limitedly movable key for
propelling the hammer toward the vibrator; and
means, flexibly carried by the key and responsive
to the abrupt stoppage of key movement, for
hraking the rebounding hammer.

8. In an action for exciting the vibrator of s
musical instrument, a hammer movable to strike
the vibrator, from which after such striking the
hammer rebounds; a movable key for propelling
the hammer toward the vibrator, and stop means
against which the moving key impinges; and
means for braking the rebounding hammer, com-
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prising a unilateral mechanical swinging system
energized by key movement and swingingly re-
sponsive to the impingement of the Key against
said stop means.

‘9. In an action for exciting the vibrator of a
musical instrument, a hammer movable to strike
the vibrator; a movable key for propelling the
hammer toward the vibrator; and a back-check
moved by the key during key movement and
thereafter subjected to movement by its own
kinetic energy acquired during such movement
by the key, the back-check being positioned to be
engaged by the hammer during such further
movement only. '

10. In an action for exciting the vibrator of a 15 Number

musical instrument, a hammer movable to strike
the vibrator, from which after such striking the
hammer rebounds; a movable key for propelling
the hammer toward the vibrator; and a back-
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check for the hammer moved by the key through
a range free of interference with the hammer,
both during propulsion and rebound thereof when
the key is very slowly operated, and means com-
prised in the back-check for extending its range
of movement in response to key operation at
higher velocities. )

i BENJAMIN F. MIESSNER.
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