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UNITED STATES PATENT OFFICE 
2,594,967. 

APPARATUS FOR PRODUCTION. OFMUSIC 

Benjamin F. Miessner, Harding Township, Morris 
County, N.J., assignor to Miessner Inventions, 
Inc., Harding Township, Morris. County, N.J., 
a corporation of New Jersey 

Application November 5, 1946, Serial No. 207,879. 
(C. 84-240) Claims. 

This invention relates to musical instruments, 
and more particularly to those of the type where 
irl tuned vibrators are subjected to impulse ex 
citation by mechanical means. The invention 
contemplates especially, though not in all aspects 
limitatively, instruments of the piano type, where 
in tuned strings or other vibrators are percussive 
ly excited by hanners under the control of a key 
board. The description will accordingly be pre 
sented largely with relation to a piano, 
This application is in part a continuation of 

ray copending application Serial No. 566,979, filed 
on December 7, 1944, on which U. S. Patent No. 
2,469,568 has Since been issued. 

In U. S. Patent No. 2,271,460 issued. January 
27, 1942, on an application of nine and in the 
copending application above referred to, I have 
disclosed Vibrator-exciting actions from which 
there were Cinnitted the tripping or escapement 
nechanism for displacing a jack, the back-check, 
and the repetition mechanism, of conventional ac 
tions. In these constructions, the hanner was 
permitted to rebound from the vibrator against 
the same actuating means as had propelled, it 
toward the vibrator (assuming continued key. de 
pression); but unwanted rebound of the hammer 
from the actuating means back toward the Vie 
brator was suppressed by the appropriate appli 
cation to the hammer of opposing impacts, aided 
by the appropriate introduction of viscous energy 
dissipation into the System. 
The present invention has for an object the in 

provement of actions of the type disclosed in the 
patent; and copending application above men 
tioned. 
Ore disadvantage attendant in some degree On 

the actions I have disclosed heretofore has been 
a tendency toward prolongation of the contact of 
the hammer with the vibrator. It is an object of 
the present invention to reduce or eliminate any 
Such prolongation. 
Another disadvantage attendant in some degree 

on the former actions has been a slowing of the 
return of the hammer to redrivable position when 
the key has been promptly. released-an effect 
which, while still leaving the return favorably 
comparable with that in conventional actions, can 
be reduced or eliminated. It is an object of the 
present invention to reduce or eliminate any such 
slowing of hanmer return to redrivable position. 

It is an object to provide an action, of the sim 
plified type above referred to, whose construction 
is extremely simple and inexpensive. 

It is an object to provide an action of the sin 
plified type. With which the reduction (as: by a 
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“soft pedal') of keystroke will be unaccompanied 
by any movement of the keys. 

It is an object to provide an action of the sim 
plified type in which the “feel' of the key to the 
player Will closely simulate that of the key in a 
conventional action. 

It is an object to provide a simplified and im 
proved damper construction and control. 

It is an object to provide a simplified and im 
proved flange-hammer assembly. 

It is a general object to provide a simplified and 
improved action. 
Other and allied objects will more fully appear 

from the following description and the appended 
claim.S. 

In the description of my invention herein 
after set forth, reference is had to the accom 
panying drawings, in which: 
Figuel is an elevational view of one embodi 

ment, of my invention, by way of example illus 
trating that embodiment in an upright-piano 
action of the so-called "dropped' type; 

Figure 2 is a fractional elevational view of an 
other embodiment of my invention, by way of ex 
ample illustrating that embodiment in an “un 
dropped' type of upright action such as is more 
fully illustrated in Figure 3; 
Figure 3 is an elevational view of another en 

bodiment of my invention, which I presently be 
lieve to be preferable to the preceding two; 

Figure .3a is a fractional repetition of Figure 3, 
but showing the key and hammer positions at an 
intermediate point in the stroke of the key: 

Figure-3b is an enlargement, with a small part 
broken away, of a portion of Figure 3; 
Figure 3c is a cross-sectional view taken Sub 

stantially along the line 3c-3c of Figure 3b; 
Figure 4 is "a fractional elevational View of an 

other embodiment of my invention, by Way of 
example in a type of action similar to that of 
Figure 3; 
Figure 5, is a fractional elevational view of an 

embodiment, of my invention, which in its broad 
er aspects is similar to that of Figure 4 but is in 
corporated in a grand-piano action; and 
Figure 6. is a group of curves, plotted against 

time, illustrating the motions of certain impor 
tant i elements "in typical embodiments of my in 
Vention: 

In Figure then unerals, 2 and 3' respective 
ly designate the front, intermediate and rear rails 
of the key-assembly portion of an action. Ex 
tending 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, 
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resting on that pad. The front end of the key 
extends over the rail , which is provided with 
the guide pin extending upwardly and freely 
into the key, that pin being encircled by the 
bushing or pad 8 underneath the key. The real 
end of the key, beginning a little behind the 
region of pivoting, is shown as extending diago 
nally downwardly-and-rearwardly, and as nor 
mally resting against a pad 9' secured on the 
upward-rearward surface of the rail. 3"; appro 
priate weighting, such as indicated by 6a, may be 
provided in the rear portion of the key. Oppo 
site its point of normal rest against pad 9', the 
key is provided with an upWardly-and-rear Ward 
ly extending capstan screw 0'. The key assen 
bly as so described is a known one, appropriate 
to a "dropped' type of upright-piano action; and 
it will be understood that upon a downstroke of 
the front end of the key 6', to bring it into im 
pingement against the top of pad 8, the capstan : 
screw O' Will be moved a short distance upward 
ly-and-slightly-rearwardly, in an arc about the 
pivot pad 5. 
Driven by the capstan screw G', upon down 

stroke of the key (i. e., of the front end of the 
key), is the hammer '. This may be con 
sidered as comprising the hammer head 2; the 
hammer stem 3, at the top of which the head 
f2 is secured; the hammer butt fa', in which the 
bottom end of the stem 3 is Secured; the pad 
6' covering the downward-forward surface of 
the butt 14, against which the capstan screw fo 
exerts its moving force; and preferably the fur 
ther pad 6' inset into the butt 4' underneath 
the pad 6' opposite the capstan screw fe'. 
butt 4'', and thereby the entire hammer i i", is 
pivoted at i T’ to a fange 8”, which in turn is 
secured to a suitable rail 9’ in the action. 
The string which the hammer ' is to strike 

is shown as 20, vertically disposed behind and in 
the path of movement of the hammer When it 
pivots about fl'. It will be understood that upon 
downstroke of the key, the attendant motion of 
the capstan Screw O' Will rock the butt 4' rear 
Wardly about 7", carrying the hammer head 2 
toward the string. 
The capstan Screw 0' may be so adjusted that 

at the conclusion of an abnormally slow key 
downstroke-i. e., one so slow that the pad to 
remains in contact with the capstan screw 0'- 
the active (rear) end of the hammer head 2 
Will have been brought to a very small distance 
from the string-a distance comparable, for ex 
ample, With that to which in a conventional 
action the hammer head has been brought at 
the time of “tripping' (i. e., displacement of the 
usual jack from its normal disposition in such an 
action). This hammer position (of very small 
distance of hammer head from string) may con 
Veniently be termed the "keystroke-end' posi 
tion of the hammer. 
The normal position of the hammer will be 

fixed by the resting of the butt f4 (through pad 
6') against the capstan screw O', and the rest 
ing of the rear end of the key 6' (through pad 
9) on the rail 3". The forward displacement of 
this normal position from the keystroke-end posi 
tion Will of course be determined by the distance 
through which the capstan screw 10 moves dur 
ing keystroke-and this distance of capstan 
Screw travel is in turn established, as convention 
ally, by adjustments of the effective thicknesses 
of pads 8 and 5 (as by choice of the thicknesses 
of Stacks 8a and 5a of paper or cardboard washers 
with which fixed-thickness pads 8 and 5 may be 

The S 

() 

S. 5 

4 ) 

45 

50 

55 

60 

65 

70 

75 

4. 
Supplemented), which adjustments of course fix 
the length of keystroke (as well as the normal 
key level). 
The action of gravity in normally causing the 

hammer butt 4' to rest (through pad 6') 
against the capstan screw 6" may be supple 
mented, as conventionally, by the action of a 
light Spring 2'. The lower end of this spring . 
may bear for Wardly against the rearward-up 
Ward surface of the butt A, the spring being 
Secured at its upper extremity to a fixed rail 22". 
As 2, Stop against 'overshooting' of the ham 

mer forwardly upon key release (due to momen 
tary yieldings of various parts such as pads 6', 
16' and 9', etc.), with consequent strain on the 
harriner Sten 2, there inay be provided a rail 24 
carrying a Strip of soft felt or the like 23 on its 
"e2i Surface, in Such a position that on forward 
hanliner motion to slightly beyond normal ham 
tner position the front end of the hammer head 2 
Will inpinge against the strip 23-from which it 
Will, however, normally have a slight spacing. 
If it be desired that the hammer at times have a 
reduced Spacing from the string 20, the rail 24 

5 may be moved rearwardly-for which purpose it 
has been shown as forming the cross-arm of a 
bail One of whose side arms appears at 25, pivoted 
at 26 to permit the just-mentioned rearward 
Iihovement (which may be effected by the usual 
'Soft pedal,' not shown). As usual under condi 
tions of less-than-normal hammer-to-string 
Spacing, the capstan Screw it will, when the rail 
24 has been moved rearwardly, be left out of 
driving contact with the butt 4 until some ini 
tial portion of the keystroke has been completed. 
Simply by Way of simplification of illustration, 

there has been omitted from Figure 1 any show 
ing of the usual damper for the string 20; this 
may, however, be provided in any convenient 
manner (for example, as I have shown for a 
Similar 'dropped' type of action in my co-pend 
ing application Serial No. 566,979). 
The key 6', with capstan screw 0, will be un 

derstood to form an actuating means for the 
hammer. Thus when the key 6' is subjected to 
downstroke the capstan screw will drive the ham 
mer li f' to its keystroke-end position. At this 
point the movement of the actuating means 
(6'-0") will be stopped; the hammer is free, 
however, to continue rearward movement under 
its own rearward inertia (which it will have ac 
quired during, and in amount dependent on the 
Velocity of, the keystroke, unless the latter has 
been of altogether abnormally low velocity). 
The hammer which (i) up to this point of key 
Stroke-end had been driven by the actuating 
ImeanS, NOW (ii) does continue its rearward move 
ment, as it is free to do, for a minute interval 
which ends with its striking of the String; then 
(iii) produces an initial rearward deflection of 
the String, and during that rearward deflection 
maintains its contact with the string and thus 
progresses, though at reducing velocity, rear 
Wardly beyond the string's normal position; then 
(iv) returns forwardly, still in contact with the 
String, as the string accelerates forwardly from 
its maximum deflection to its normal position; 
then ()) continues its forward movement under 
its own forward inertia (becoming free of the 
String as the string, passing its normal position, 
decelerates in its forward movement) for the 
minute interval required to bring it into its key 
Stroke-end position. 
The further behaviour of the hammer depends 

on the "history' of the key, or actuating means, 
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during the interwalls. (ii), (iii), 
above, and is dealt with below. 
The motions of the hammer. So described are 

shown diagrammatically in Figure 6, by the Solid 
curve fron its lefthand extremity to the point 
designated E. In this figure time is measured 
along the horizontal axis, and displacement along 
the vertical axis. The horizontal axis O-O itself 
designates the normal position, the horizontal 
line KE, EXE designates the keystroke-end posi 
tion, and the horizontal line SS-SS designates 
the string-striking position, of the hammer. The 
several intervals (i) , (iii), (iii) , (iv) and (y) 
above are laid off by Vertical lines at the top of 
the figure, and are designated by their respective 
numerals. The letter A. designates the begin 
ning, and the letter B the end, of interval (ii). 

If during the intervals, (iii), (iii) , (iv), and (?) 
the key has been released, the hammer, on al 
riving upon the conclusion of () at its key 
stroke-end position (i.e., at the point Ein Figure 
6), will simply continue its forward movement 
at a slightly increasing Velocity caused by gravity 
and by the Spring 2. This return of the hammer 
to normal position has been indicated in Figure 6 
by the dash-dot line E-G. Of course, if the key 
has been Only partially released, the hanner's 
return Will not extend all the Way to its normal 
position (e. g., G), but will stop at Some inter 
mediate point (e.g., F) determined by the degree 
of key release. But Whether the key has been 
fully or only partially released, there is neverthe 
less maintained the maximum possible Speed of 
return of the hammer into a position where it 
can be effectively redriven by the key-a, char 
acteristic described in piano terms as “excellent 
repetition.’ 

If, however, the key has not been released by 
the end of interval ()) the hammer Will at that 
instant conne into, impingement against the 
actuating neains (i. e., against C' in the System 
6'-9"). The hammer then (vi) will by its 
inertia, cause a temporary compression of various 
compliances in the system, including the hammer 

(i) and ()) 

stem 3 (since the hammer's inertia is principally 
in the lead 2, whose motion the curve illus 
trates), the pa?dis f6’ and 6''; the padi. 5, the pad 
3 (in this case, a temporary de-compression) and 
various other compliances, the hammer moving 
forWairdly at reducing velocity While yielding up 
its energy to those compliances; then (ii) will 
be moved rearwardly, by the release of the energy 
acquired by those compliances during interval 
(i), at a veccity Which increases until the han 
me again reaches keystroke-end position, by 
which tine all the energy it delivered to the com 
pliances (reduced only by dissipation therein) 
will have reappeared in the hammer in the form 
Gf rearWard intertia 
The Solid curve of hammer motion in Figure 6 

has been extended from E to H to indicate the 
motions occurring during these intervals (i) and 
(ii), which have been laid off similarly to earlier 
intervals. 

If no counteractive measures are applied, the 
hanner at the end of the interval (ii) Will re 
spond to its own rearward inertia by entering 
(at Hi) an interwal (viii) - which - Will be a repeti 
tion and rerepetition of the cycle (ii)-(iii) - 
(iv) — (v) - (vi) - (vii) which began at A; this 
repetition and rerepetition will continue as an 
oscillation of the hammer until the amplitude of 
motion, Which decreases with each cycle as a re 
Sult. Of Such dissipations as there are in the Sys 
ten, has died away. The dash-dot extension of 

5 

O 

5 

5 

? 5 

50 

55 

60 

35 

75 

the curve from H to J indicates a typical first 
cycle-and-a-quarter of the interval (viii); there 
Will be apparent its Similarity to the course of the 
curve beginning at A, excepting only for the 
attenuation of anpitude. 
The amplitude of the hammer oscillation just 

described is of course a function of the amplitude 
of the initial String displacement by the hammer, 
and thus of the velocity of the actuating key 
Stroke. But if the keystroke-end position of the 
hammer is nade properly close to the string 
Striking position (which should be done for good 
Sensitivity of the action), then with all excepting 
Very. Weak keystrokes the amplitude of hammer 
CScillation is usually, Sufficient to cause the ham 
mer to reStrike the String at least once, if not 
oftener. Thus if the curve in Figure 6, which 
represents a fairly strong, keystroke, were ex 
tended in its oscillatory form beyond J, then 
even in Spite of a logarithmically decaying am 
pitude it would show, following the intended 
initial one, Several repetitive crests reaching 
above C at least to the line SS-SS. Each such 
Crest Would represent a restriking of the string 
by the harn;ner even if the string were remaining 
in its normal position indicated by that line. Of 
Course actually, following the initial contact of 
the hanner with the string (represented by the 
first Crest), the String is in a state of vibration, 
Or rapid OSciliation between points displaced in 
each direction from the normal position indi 
cated by SS-SS. This fact would have some in 
fiuence. On the exact course of the curve in the 
dash-dot portion to the right of H-but since 
largely fortuitous phase and other relationships 
are involved, it is necessary in extending the 
Curve to aSSUme. Some average or typical rela 
tionships. More importantly, this fact of string 
OScillation decreases the distance beyond the 
keystroke-end position (i.e., above line KE-KE) 
through which the hammer can travel without 
danger of restriking the string, and thus increases 
the probable number of restrikings over the num 
ber that Would be expectable with a string which 
Occupied the fixed normal position except while 
actually being displaced by the hammer. 
Conventional piano actions have circumvented 

this hammer Oscillation by an escapement mech 
aniSin Which in effect removes the actuating 
means from the path of the hammer rebounding 
from the String-and following strong keystrokes 
have absorbed the very considerable kinetic en 
ergy of the hanner at a considerable distance 
from the string by dissipation in a frictional en 
gagement of the hammer with a back-check. This 
has been done, however, at the cost of elaborate, 
delicate and non-altogether perfect arrange 
ments for preserving acceptable repetition, as well 
as of the eScapesnet mechanism and back-check 
themselves. 

In Ely U. S. Patent No. 2,271,460 I showed an 
action in which the actuating means might be 
rebounded fron by the hammer, but in which 
Such rebound was suppressed. (a) by applying 
to the hammer, during interval (iv) or (v) as 
described herein, a stringward impact opposing 
and greaty attenuating the hammer rebound 
fron String to actuating means, (b) by applying 
to the haminer, during or immediately after the 
interval (vii) aS described herein, a reverse im 
pact Opposing the residual tendency of the ham 
iner to rebound from the actuating means, and 
(C) by appropriately introducing viscous en 
ergy dissipation into the system. While embodi 
ments of that disclosure perform their functions 
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of avoiding rebound of the hammer from the 
actuating means, they have exhibited certain 
disadvantages, among them being a tendency, at 
least under conditions of slight maladjustment, 
of the first of the impacts applied to the hammer 
to prolong the contact of hammer with string, 
and a considerable undoing by the same impact 
of the otherwise inherently rapid return of the 
hammer to redrivable position when the key has 
been quickly released. 

In my co-pending application Serial No. 566,979 
i disclosed an action in Which I reduced the mag 
nitude of these disadvantages by applying the 
first impact to the hammer through a spring, thus 
attenuating the effect of that impact and storing 
much of the energy thereof for delivery to the 
second impact on the hammer-which Second 
impact was delivered to the hammer at the time 
denoted by the point H of Figure 6 herein. 
According to the present invention I continue 

to deliver to the hammer at the time denoted 
by the point H (of course, assuming that key 
depression is maintained) an impact opposing 
the nowenent of the hammer toward the string. 
But I so support the inertia, means which delivers 
the impact that it is incapable of delivering to 
the hammer any impact in the reverse direction, 
this being achieved for example by using an 
energy-storing Spring as the Support for the in 
ertia, Ineans. In Such a construction the inertia, 
means is effective at least as soon as the string 
striking to deliver energy to the spring-and 
the Spring is deflected at least throughout (i. e., 
during the entirety of) the inertial-effected move 
ment of the inertia, means. 

in Figure the spring, of "leaf' construction, 
appears as 27, with its lower extremity secured in 
the hammer butt 4" slightly forwardly of the 
sten 3. From the butt the spring 27 extends 
diagonally upWardly, and forwardly, diverging 
from the stem 3. On its forward surface at its 
upper extremity the Spring carries the weight 
28, which (supplemented to a relatively minute 
extent by the mass of the upper portion of the 
Spring) forms the maSS or inertia, means of the 
System. . 
Secured in the hammer l', for example at 

the juncture of the head f2 with the stem 3, may 
be the rear extremity of a light arm. 29, which 
may extend generally forwardly, at about right 
angles to the Sten f3, to terminate in a portion 
29d folded downwardly at right angles to the 
rest of the airn 29. To the rear Surface of the 
arm portion 29a, there may be secured a pad 
3, preferably characterized by elasticity accom 
panied by appreciable Wiscosity. For the pad 
3 there may be enployed a suitably shaped lump 
of viscous material such as a synthetic resin; in 
this case the imperfect elasticity, and the tenden 
cies to “cold-flow,' of Such material may be 
counteracted, and the pad made fully elastic, by 
encasing that material in a film or skin of rubber 
(surface-dusted with graphite to obviate any 
stickineSS). More simply and usually satisfac 
torily, however, a pada 30 of relatively viscous 
rubber such as "butyl' may be employed. 

she length and biasing of spring 27 are such 
that the Weight 28 normally rests in contact 
typically, relatively light contact-against the 
pad 33. During keystroke, Or interval (i), the en 
tire ha miller inciding 29-30, and With it the 
Spring-Weight System 27-28, is moved integrally, 
and Such movement continues during interval 
(ii) as Well. But upon the striking of the string 
by the hammer at the end of interval (ii), where 
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8 
upon the hammer begins its rapid deceleration 
already Seen to occur in interval (iii), the rear 
ward movement of the weight 28 is continued 
under the influence of its own inertia-as illus 
trated by the heavy dotted line, to the right of 
A, in Figure 6. Accordingly the weight 28 upon 
the String-Striking leaves contact with the pad 
30, and begins the delivery of energy to the 
Spring-i. e., begins the deflection of the spring. 
This delivery and deflection continues at a di 
minishing rate for a space of time which is a 
function of the tine-period of the mechanical 
OScillating System formed by the spring and 
Weight-and which is followed by another space 
of time, similarly a function of that time-period, 
of redelivery of the energy of the spring to the 
weight and deflection of the spring. 
These two Spaces of time, taken together, rep 

resent an interval of free excursion of the me 
chanical OScillating System in its own oscillatory 
mode, beginning at the instant of string-striking 
by the hammer. She time-period of that system 
is So fixed, by choice of the relative values of the 
Stiffness of Spring 27 and mass of weight 28, that 
this interval of free excursion is substantially 
equalized with the surm of the interval (iii) -(iv) 
of hammer contact with string, the interval (v) 
of hanner travel from string to actuating means, 
and the interval (vi) -(z)ii) of hammer contact 
With actuating lineans prior to an attempted re 
bound therefron. The time-period of the system 
being so fixed, it is at the end of interval (vii)- 
Or at the time denoted by H in Fig. 6-that the 
Weight will be returned to contact with the 
pad 3. 
This return to contact will of course be an in 

pactive One-constituting an impact of the weight 
against the hammer opposing the attempted re 
bound of the latter toward the string. Its objec 
tive is to neutralize, by the away-from-the-string 
kinetic energy of the weight, the toward-the 
String kinetic energy of the hammer. This neu 
tralization is readily accomplished by a proper 
choice of the absolute values of stiffness of spring 
27 and mass of weight 28 (the relative values of 
which are, as seen above, to be so fixed as to 
achieve the proper time-period). 
The heavy Straight-line curve to the right of 

the point H in Figure 6 illustrates the continued 
positions (throughout continued key depression) 
of hammer and weight after the weight-hammer 
impact, when the parameters of the mechanical 
Oscillating System have been properly chosen. It 
Will of course be apparent that the hammer is 
held in keystroke-end position, wherein it is 
harmlessly out of contact with the string, even 
in spite of the vibration of the latter. It may be 
pointed out that an appreciable viscosity of the 
pad 30, abovementioned as desirable, provides 
considerable tolerance to imperfect choices of 
parameters of the Spring-weight system. When 
Such viscosity is present, then although the curve 
to the right of point H may be slightly oscillatory 
as a result of the imperfect choices, nevertheless 
the energy dissipation caused by the viscosity will 
(unless the imperfections are relatively gross) 
limit the amplitude of the oscillations sharply 
enough to accomplish the objective of obviating 
any Second contact of hammer with string. 
The appropriate introduction of a viscous 

damping of the impact of weight against hammer 
may be accomplished in other manners than by 
the use of a pad, such as 30, through which the 
impact is transmitted compressively. Thus in 
Figure 2 I have illustrated an embodiment of my 
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invention wherein the Viscous damping is pro 
vided by a flexible member characterized by ap 
preciable viscosity, and wherein that impact is 
transmitted through that member in tension. 

Purely by way of example that embodiment is 
illustrated in an upright action of the undropped 
type (Such as is more fully illustrated in the Suc 
ceeding Figure 3). Herein the rear end of a 
Straight key is illustrated as 6, provided for ex 
ample with a weight 6a similar to that of Figure 1. 
Secured to the bottom of the rear portion of key 
6 is a rigid extension plate 6b, which extends a 
short distance rearwardly from the rear end of 
the key proper and, through pad 9, rests on the 
rear action rail 3 when the front end of the key 
is not depressed. On top of the extending por 
tion of plate 6b there may be secured the pad 
6. The hammer again comprises a head 2 
and a stem 3, the lower end of the stem being 
secured in a butt 14 of somewhat different con 
struction from the butt f4 of Figure 1. The butt 
4 is provided with a forwardly extending “shoe' 
4a through which, at a little distance forwardly 
of the stem 3, there passes the adjusting screw 
0. The top of this screw may be provided with 

a Screw-driver slot Oa for adjusting purposes, 
While the botton of the screw may be formed into 
a lound head Ob. 
The butt 4, and therethrough the hammer , 

is pivoted at 7 to a rearwardly extending flange 
8, which may be secured to the top of a rail 22 
which in turin is secured to the top of the rear 
action rail. 33. A spring 2 f, one extremity of which 
appears in Figure 2 (but which is illustrated more 
in detail in Subsequent figures) may lightly urge 
the hanner forwardly about pivot 7. The for 
Ward-and-rearward position of the parts is such 
as to bring the screw-head i Ob above the pad ? 6, 
against Which it normally rests. 

It will of course be understood that in Fig 
ure 2 the movement of the hammer by the key 
6 is functionally entirely similar to that of the 
hammer by the key 6 in Figure 1, the screw 
0 performing the same function as the capstan 
O' in Figure 1. As in Figure 1, the rail 24 (form 

ing, if desired, a portion of a bail one of whose 
Side-arms appears as 25, pivoted at 26), provided 
With the Strip 23, may form a stop for excessive 
rearward eXCursions of the hammer (as well as 
a means for reducing its stroke at Will). 

In Figure 2 the mechanical oscillating system 
is shown as formed by the spring 37 and the 
weight 38. The lower end of the spring is shown 
Secured, as by the small screw 36, to the top of 
the butt-shoe 4.d.; and therefrom the spring ex 
tends upwardly and forwardly in generally simi 
lar fashion to the spring 27 of Figure 1. The 
weight 38 is carried at the top of the spring 37 
Secured for example to the rearward surface of 
the Spring. The Weight (and the Spring in con 
tact therewith) may be apertured, and there 
through there may be passed a thin strip 39 of 
viscous material having self-restoring proper 
ties and not significantly subject to “cold 
flow'-for example, “Vinylite.' This may be 
formed, immediately in front of spring 37, into 
a knot 33d, incapable of passing through the 
Spring and Weight. From the Spring and weight 
the strip 39 may extend rearwardly to the ham 
mer head 2, its rear extremity being Secured 
therein. 
The spiring 37 is so biased that it normally 

places the Strip 39 under at least slight tension. 
Upon depression of the forward end of the key 
6, and consequent raising of the illustrated rear 
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end of the key, there will occur an integral move 
ment of the hammer i f and mechanical oscil 
lating system 37-38 toward the string 20. Upon 
string-striking by the hammer there will occur 
a free excursion of the oscillating System 3-32 
similar to that of 27-28 of Figure 1-excepting 
that it will be accompanied by a release of the 
tension of strip 39 and, consequently, an inert 
"folding' of that strip. 
The free excursion of the System 37-38 in its 

own oscillatory mode involves, quite similarly to 
that of the system 27-28 of Figure 1, first a 
rearward defection of the spring and then a for 
Ward deflection thereof-culminating in a for 
wardly directed impact of the weight on the 
hammer. In this instance, however, the forward 
impact is delivered longitudinally through the 
strip 39-this having been "unfolded' by the de 
flection of the Spring, and being placed in ten 
Sion by the impact. 
The solidly shown curve in Figure 6 is equally 

applicable to the hammer movement in the en 
bodiment of Figure 2. It is to be observed, how 
ever, that the viscous damping means in tension 
(i. e., strip 39 of Figure 2) has proven generally 
even more effective than the corresponding 
means shown in Figure 1 in providing tolerance 
to inexact choices of the parameters of the 
mechanical oscillating System. 
In Figure 6 the solidly shown curve from O to 

B, the dottedly shown curve from B to H, and the 
solidly shown curve to the right of H show the 
relative positions of the weight 28 of Figure 1, or 
38 of Figure 2. For the construction of either 

5 figure the period from O to A, or interval (i), is 
One during which the actuating means drives the 
weight, or energizes the mechanical oscillating 
system; the period from A to B, or interval (ii), 
is one during which the Weight travels on in con 
tact with a portion (30 or 39a) of the hammer, 
the oscillating System remaining energized; and 
the period from B to H is one during which the 
weight moves first under its own inertia and then 
under the restoring force of the Spring, the OS 
cillating system executing a free excursion in its 
own oscillatory mode. It will be appreciated 
that, since the movement of the Weight through 
out the energization period O to A does not de 
fect the Spring in the constructions of these 
figures, the energization of the OScillating SyS 
tem in either case is wholly a kinetic energiza 
tion. 

All the folding and unfolding of the strip 39 
during the weight excursion is attended by Some 
energy dissipation, which probably becomes es 
pecially marked as the strip straightens in the 
momentary period just before impact. A bene 
ficial effect of this is the elimination of even 
minor 'clicks' or slapping noises, such as other 
wise may tend to occur with a weight arranged 
(as in Figures 1 and 2) to move with approxi 
mately the velocity of the hammer head. 

In Figures 3, 4 and 5 I show respective em 
bodiments of my invention in which the me 
chanical oscillating Systems are carried else 
where than by the hammer, but intercept the 
path of movement of a portion of the hanner. 
in these embodiments the inertia means deflects 
the spring, and thus the oscillating System is 
Subjected to internal movement in its own OS 
cillatory node, during the terminal part of in 
terval (i)-the interval of hanner-actuating 
noverinent of the key. 
In Figure 3 the rear end of the key 6 is pro 

vided, as in Figure 2, with the extending plate 
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6b secured to the bottom of the key; and again 
this extension plate 6b may carry the pad f6, 
and may normally rest through the pad 9 on the 
rear action rail 3. Again the hammer butt 4, 
pivoted at 7 to the flange 8 secured to rail 22, 
may be provided with the forwardly extending 
shoe 4a, through which passes the adjusting 
screw 0 whose head Ob normally rests on pad 
6. The hammer again includes the stem 3 

extending from the butt 4, and the head 2 car 
ried at the top of the stem 13. 

In this embodiment the mechanical oscillat 
ing system is carried by the key. It comprises 
the leaf spring 47 secured to the top of the key 
(as by Screw 47a) and extending rearwardly to 
overhang the end of the key; and the weight 48 
secured to the bottom of the overhanging por 
tion of the spring. Behind the screw 4 at the 
key 6 may be slightly reduced in height, so as to 
provide under the central portion of the Spring 
47d a surface 6c slightly lower than the bottom 
of the spring under screw 4la; and on the Sur 
face 6c there may be secured a pad 50-the 
spring 47 being so biased as to normally bear 
at least lightly against the pad 50. 
The front-and-back position of the rear ex 

tremity of the spring and weight 47-48 is just 
a little forward of the adjusting screw 0, per 
mitting access to the latter. The butt-shoe II 4a, 
however, extends forwardly beyond that screw 
So as to bring the most forward portion of the 
shoe underneath the weight 48. To the top of 
this portion is secured a pad 49. Preferably both 
the pad 49 and the pad 50, abovementioned, will 
be of elastic material characterized by appreci 
able viscosity-'butyl' rubber, for example. The 
height of pad 49 is typically made somewhat less 
than Sufficient to reach the bottom of weight 
48 when the parts are at rest. 
Upon key depression the screw 0 and with 

it the butt f 4 will be rocked upwardly, and the 
hammer head 2 rearwardly, about the pivot 7. 
The pad 49, moving in an arc of greater radius 
than the Screw fo, will presently be brought 
into contact with the bottom of the weight 48. 
Figure 3d illustrates a typical position of the 
parts when this has first occurred; the key may 
then, for example, have been moved through 
Somewhat over half of its downstroke. Up to 
this time the weight 48 has been moved simply 
with the rear end of the key, and the spring 
47 has not been deflected. During the remainder 
of key depression, however, the weight 48 is 
moved by the pad 49; in view of the step-up of 
notion in the butt-shoe 4a, this movement is 
at a greater rate than that of the key-end, and 
accordingly the spring 47 is subjected to a pro 
greSSive upward deflection. 
In Figure 6 the dottedly shown curve from O' 

to Q and the Solidly shown curve from Q to A 
indicate the relative positions of the weight 48 
during the keystroke-it being understood, of 
course, that the motions of the weight as indi 
Cated in Figure 6 have been multiplied several 
times from their actual values, in order to permit 
the convenient use of the Single figure for dif 
ferent embodiments. The solidly shown curve 
of Figure 6 of course continues to represent the 
hammer movement. 

After the conclusion of keystroke at A the 
Weight 48 continues to move under its own 
momentum, and continues to progressively flex 
the Spring 47; since the key movement has 
stopped at A, the rate of spring flexure abruptly 
increases at A. During interval (ii), or from A 
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to B, the pad 49 (which forms a part of the ham 
mer) maintains contact with the weight 48, and 
the momentum of the hammer combines with 
that of the weight in flexing the Spring. As 
in the ca.Ses of earlier i enn bodinnentS, it is upOH 
String-Striking-i. e., at B-that the free ex 
cursion of the oscillating system in its own mode, 
represented by the dotted curve from B to H, 
begins; a distinction from those cases is that in 
this case the Spring 4 had already been consider 
ably flexed by the weight 48 prior to the string 
Striking. 

It has already been noted that the actual 
movement of the Weight 48 is only a fraction of 
that of weight 28 or 38 in earlier figures, and of 
course that same is true with respect to its 
velocity. The requirement for kinetic energy 
in the weight just before the weight-hammer 
impact at H remains, however, unchanged; it 
must equal the oppositely directed kinetic energy 
of the hammer. This is accomplished with the 
Smaller velocity by a larger weight-the weight 
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requiring to be increased, in general, by the 
Square of the factor by which the velocity has 
been reduced. The timing requirements for the 
free excursion of the oscillating system remain 
as before; the greater weight will accordingly 
be accompanied by a stiffer spring. 

I consider the arrangement of the pad 49 so 
that it does not contact the weight 48 until key 
depression is partly effected to be advantageous 
in keeping at a reasonable value the flexure of 
the Spring 47 already effected at the time of 
String-Striking. This feature, however, has cer 
tain additional specific advantages. One of 
these has to do with the use of the rail 24 to 
Shorten the hammer stroke on Occasion. Upon 
Swinging of this rail to shorten that stroke, then 
if the pad 49 were normally to touch the weight, 
the rearward Swinging of the hammer Would be 
accompanied by a partial depression of the key. 
Such a partial depression is not normally an 
incident of Soft-pedal operation, and would be 
objectionable; it is obviated by the spacing under 
discussion. 
Another advantage has to do with the “feel' 

of the key to the player. In conventional ac 
tions there occurs, late in the downstroke of the 
key, a noticeable and quite sudden increase of 
key resistance to that downstroke-caused by 
the greater work required to displace the jack 
than for the hammer propulsion prior to that, 
displacement. In the embodiment of Figure 3 
such an increase of resistance (though of course 
mot the result of displacement of any jack) oc 
Curs-caused by the addition of the spring 
flexing load to the hammer-moving load already 
being borne by the key-at the instant in the 
Stroke illustrated by Figure 3a. Naturalness of 
"feel,' for such value as it has to sensitive play 
ers, is thus preserved. 

It may be pointed out that the much-reduced 
Velocity of the weight in the Figure 3 embodi 
ment (as well as in those yet to be described) 
effects an ample minimization of 'clicks' or 
Slapping noises in the action. 

Also as to the Figure 3 and later embodiaents, 
the carrying of the mechanical OScillating system 
elsewhere than on the hammer fully eliminates 
all tendencies toward prolongation of hammer 
contact with String. (These, it was pointed out 
above, are reduced in the Figures 1 and 2 em 
bodiments by the elimination of any stringward 
impact.) This is because in these later embodi 
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ments none of the stringward inetia. Of the OS 
cillating system is coupled into the harner. 
In Figure 3 I have showin a very Siriple 82nd 

effective damper and diaraper-actuating arrange 
ment for the string 26. The damper proper ap 
pears as 30, secured by the usual Set-Screw 3c. 
on a rod 3 near tha top extremity of the latter. 
The bottom portion of the rod 3: Inay be Welded 
to the vertical part of a small Spring bracket 
32, the horizontal part of which may be Secured 
to the top of the action rail 3; the Spring bracket 
may bias the damper 3C against the string 20. 
At an interimediate point on the rod 3 there n ay 
be Welded to its forward Surface the eXtre. Inities 
of a snail stirrup 3 (t, and through this Stirrup 
there may be passed a loop 33C, fol'ning the real 
extremity of a flexible tape 33. This tape may 
extend forwardly, passing alongside the hanner 
stem 3, and it may terminate in a loop 33 to form 
ing its forward extremity. This loop 33b may 
encircle a Small Spool 3 Wºhich SUrl'oundS–2nd, 
for example, frictionally engages.-a, rod 35 ex 
tending upwardly from key 3 between the key 
pivoting rod 4 and the rear extreity of the 
key. The tape 33 will be of such length that 
normally it is just, a trifle slack; fine adjustment 
of this condition inay be made by bending of 
rod 35. Upon key depression, however, the Spool 
34 will be moved upwardly and forwardly in an 
arc about the key-pivot pad 5; the tape 33 Will 
be pulled forwardly by the forward component of 
the spool movement, taking the slack out of the 
tape and pulling the damper out of contact, with 
the string. The distance of movement of the 
damper effected by key depression may be reg 
ulated by sliding the spool up and down along 
the rod 35, this being efective for such regula 
tion. Since it varies the for Ward component Of 
the Spool movement. 

In Figure 3 (and 3a, and 2) i haWe shown a, 
flange and spring construction Which I have 
found especially desirable for the pivotal mount 
ing and the biasing of the hammer. This con 
struction appears in enlarged detail in Figures 
36 and 3c. As appears in these figures, the han 
mer butt 4 is bifurcated in the usual manner to 
form the side-arms 4d straddling the flange f8. 
The pivot T is formed by a pin ia held in the 
fange (as hereinafter more fully described) and 
extending into the felt bushings 'b, which latter 
are provided as insets in each of the side-arms 
| 4 d in the Sual manner. 
The Hange 8 is formed fron a Single fiat, Sheet, 

of metal, folded back on itself so that the princi 
pa portion Gf the flange COMPriSSS tW0 lamina 
tions. The rear extremity of the lower lanina 
tion is shown as a minute doWinWardly-turned lug 
portion 8a, adapted to engage a slot 22a cut in 
the top surface of the rail 22 near the rear edge 
of the latter and by Such engagement establish 
ing at least an approximate alignment for the 
fiange-and-hammer assembly. From the lug 
portion 8a, the lower lamination eXtends for 
wardly, a portion 8b resting on top of the rail 
22; a portion 8c of reduced width extends a 
further distance forwardly. Tine fange is then 
folded, upwardly and rearwardly, back upon 
itself to form the upper lamination, the pin a 
being ciamped in the inter-laimination foid ited 
(which is arcuately formed to provide essentially 
360-degree encirclement of the pin). Froin that 
fold the upper lamination extends rearwardly, 
first having the portion 8f above and in contact, 
with the lower-lannination portion 3c, and then 
the wider portion 8g above and in contact with 
the lower-lamination portion 8b. The upper 
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lamination may terminate slightly foWardly of 
the lug 8a. 
The lug portion 8a, and the portions 8b and 
8g may be bifurcated so that the flange may be 

slipped under the Screw 22b for easy assembly to 
the rail 22. The portions 8c and 8f and the 
fold 8d, which are of Width just, freely fitting 
between the side-arms d of the butt, are also 
bifurcated, as indicated at 8e. Within this 
bifurcation the Spring 2 is coiled about the pin 

a; one end of the Spring is led rearwardly to 
bear downwardly on the flange polition 3f, while 
the other end of the Spring is led upWardly to 
bear forwardly on the butt 4 above the pivot , 
and thus to provide the light a Way-fron-String 
bias of the hammer. 

The assembly so described is a rigged and 
easily formed one. Further, it obviates Sliding 
contact between the hammer-biasing spring 2. 
and the butt 4-Such as characterizes the 
more conventional hammer-bia,Sing arangenerif; 
shown in Figure 1-and the undesirable attend 
ant friction, as a result of the biasing Spring haW 
ing its yieldable portion Substantially coincident 
with (e. g., closely encircling) the hananei pivot. 
The embodiment of Figure 4 differs froin that, 

of Figure 3 in the form and disposition of the 
mechanical oscillating System-other elements 
of the embodiment being, for example, generally 
Similar to those of Figure 3. In Figure 4 the 
oscillating System is carried by a fixed portion of 
the action-typically, a rail 55 provided for the 
purpose a little behind the most rearward posi 
tion reached by the hanner stem , and at ain 
elevation opposite an intern ediate portion of 
that Stern. To this rail Inay be Secured, as by 
Screw 56a, the downwardly hanging leaf spring 
57, at the lower extremity of which there may be 
Secured to the rear Surface of the Spring the 
weight, 58. To the forward Surface of the Spring 
57, opposite the Weight, may be secured a pad 
59-of "buty' rubber, for example. The dinnen 
Sioning and disposition of the partiS may be Such 
as to bring the pad 59 opposite a relatively low 
portion of the hammer stem i3-and to space 
the pad 59 at such a distance from that Stein 
that it Will be struck by that Stern When the han 
mer has been propelle toVard the String to the 
extent of Some fraction of its normal spacing 
therefron. In Figure 4 the da Sh-dot iliustratiO1 
of the hammer and stem shows a typical posi 
tion at which the stern Will strike the pad 58–for 
eXample, When te hanner has been propeed 
very slightly less than half-way toward the 
String. FiOIn the description as so presented it, 
Will be appreciated that in this ei? Do?ineni, te 
mechanical oscillating Systein is nonnaily free of 
any constraint-e. g., rests normally in the dis 
position to Which it is urged by its ovsji Spring S. 
and its own naSS 58. 

In this embodinent the first portion of :ey 
depression will not produce any energization of 
the mechanical oscillating Systein 5-58-55 
i. e., any movement of the Weight, or deflection of 
e Spring. ThiS, quiescent conditi.On Of the SFS 

tem is indicated in Fig'e 6 by te dGttted iline 
O''-Q. But when the hainner has reached the 
position illustrated in dash-dot lires, the Weighi, 
Will be rino Ved rearWardly With te Velocity Cf the 
hammer-stem portion opposite the padi 3. This 
is indicated in Figure 6 by the curve froii. 3 to 
A, beyond Which latter point, the action of the 
System is fairly analogous to that of the syster: 
Of Figure 3. The Solidy SOW Cu'Ve of COSe 
again represents the hannel roVenent-and 
again the notions of the Weight, as indicated in 
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Figure 6 are several times multiplied from their 
actual values (relative to hammer motions). 
Actually, with the proportions shown in Figure 4 
relative to those shown in Figure 3, the motions 
and Velocities of the Weight will be somewhat 
less-and it is for this reason that the weight 58 
has been illustrated as somewhat larger than the 
weight 48 of Figure 3, which will be found neces 
sary in following with this embodiment the 
criteria, set forth above With respecet to propor 
tioning of Weight and spring. 
This embodiment will be recognized to retain 

the features, of the Figure 3 embodiment, 
both of permitting normal 'soft-pedal' action 
(through rail 24) without unwanted key dis 
placement, and of providing a Sudden increase of 
resistance to key depression at an intermediate 
point in keystroke. (The first of these features 
of course inherently characterizes this embodi 
ment, whether or not the finite spacing normally 
exists between the Weight and the hammer por 
tion. Which moves it: Such a Spacing Was, however, 
required in the Figure 3 construction to achieve 
this feature.) 

It is to be understood that none of the embodi 
inents of my invention is limited to use with an 
“upright' action. While this should be obvious 
to those skilled in the art, it has been illustrated 
hy way of example, in connection with the embod 
iment of Figure 4-in Figure 5. Herein the rear ; 
portion of a pivoted key appears as 6'. Suitably 
Spaced above it is the horizontal string 2'. of a 
"grand' type of piano. Arranged to strike the 
String fron underneath is a harmmer f i ’’’, com 
prising the head f2' and the stem 3' at the 
rear extremity of which that, head is carried. The 
forward portion of the stem 3' is rectangularly 
formed, and its forward extremity is pivoted as 
at ' ' to the flange 8' secured on top of a suit 
able action rail 9. On and extending down 
wardly from the botton of the forward portion 
of the stem 3' a little to the rear of pivot '' 
there is secured the Small pin 93, surrounded by 
the pad 92 in contact with the stem 3’’, and pro 
jecting downwardly beyond that pad. Below the 
pin 93 there extends upwardly from the key 6' 
the capstan Screw )', adjustable in height rela 
tive to the key; and from the center of that cap 
stan Screw there may in turn extend upwardly 
the small pin 94. A coupling from key to hammer 
may be provided by a cylinder 97 provided at its 
top and botton extremities with the end-closing 
bushings 95 and 98 respectively, those bushings 
being centrally apertured to freely admit the pins 
93 and 98 respectively. 

It will be understood that the normal position 
of the hammer may be fixed by adjustment of 
the capstan screw fe', the keystroke-end position 
being determined by the distance through which 
the capstain screw moves during keystroke (which 
distance is subject to adjustment in the usual 
manner)-all in analogy to the constructions set 
forth in connection with Figure 1. And for a 
stop against Overshooting of the hammer down 
wardly upon key release, the key 6' may be 
extended rear Wardly and Ray have Secured to 
its surface underneath the botton end of the 
hammer head 2' a pad 6' of suitable thickness. 
The extremities of pins 93 and 94 within the 

cylinder 9 are free to assume various angles to 
the axis of the cylinder without binding, as a 
result of the cylinder diameter being substantially 
larger than that of the pins. The length of each 
pin may be great enough to preclude detachment 
of the cylinder from the action while the latter 
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1remains in assembled condition and in place 
under a normally positioned string. 

In this embodiment the mechanical oscillating 
System may comprise a leaf spring 67 having its 
forward end secured (for example, by the same 
screw 8d' as secures the flange 8' to the rail 
9) to the top of the flange 3', and extending 
rearwardly therefron to overhang a portion of 
the hammer stem f3'; a rod 66 secured in a rear 
Ward portion of the Spring 6 and hanging down 
wardly therefrom through an oversize aperture 
{3da''' ilin the hammer stem || 3'' (and preferably 
arcuately shaped, so as to limit, the Size of aper 
ture 3a' required for obviation of binding in 
that aperture upon hammer movement); a weight 
83 secured on the bottom of the rod 67 a little 
below the downmost position of the hammer stem 
E3’’; and a pad 69 secured to the botton of 
spring 6 surrounding rod 66. 
The dimensioning and disposition of the parts 

will of course be such that the hammer stem 3' 
strikes the pad 69 at an intermediate point in 
keystroke, entirely analogously to the Striking of 
pad 59 by stem 3 in Figure 4-excepting that, 
purely by way of example of variation, the dash 
dot illustration in Figure 4 of the position at 
which this striking will occur has been made to 
show a hammer movement of a little over (rather 
than under) half-way from normal position 
toward the String. 
The correspondence of function to that of the 

embodiment of Figure 4 Will be apparent, and 
need not be detailedly developed. 

In all the embodiments of my invention the 
choices of mass and stiffness of the weight and 
spring in the mechanical oscillating System will 
be made according to principles already stated. 
It is of course to be understood that these param 
eter's may require variation between the Several 
notes of the instrument. This results from the 
criterion that the interval of free excursion of 
the mechanical oscillating System shall equal the 
Sum of intervals (iii) , (iv) , (v) , (Vi). and (vii) - 
and the facts (1) that the lengths of intervals 
(iii) and (iv) are infiluenced by the mass of the 
hammer and the mass and stiffness of the string, 
(2) that the lengths of intervals (Vi) and (Wii) 
are influenced by the mass of the hammer and 
the stiffness of various compliant portions of the 
action (e.g., the hammer stem, various pads, and 
to some extent the key itself), and (3) that at 
least the mass and stiffness of the string and the 
mass of the hammer are usually progressively 
varied throughout the scale of the instrument. 

t; has already been pointed out that the pad 
33 of Figure 1, the strip 39 of Figure 2, and the 
pads 49, 59 and 69 of Figures 3, 4 and 5 respec 
tively are desirably characterized by appreciable 
viscosity, so that they may perform an energy 
dissipating function upon the impact of hammer 
against actuating means-thereby increasing the 
attenuation of oscillations which may tend to 
occur after the weight-hammer impact, and so 
increasing the tolerance of the system to inexact 
ness of choice of parameters. To a reduced 
extent, the same function is aided by viscosity of 
the several other pads innmediately associated 
with the key and hammer in the several embodi 
inents-and for this reason each of those other 
pads (e. g. in Figures 3, 5, 8, and 16) may desir 
ably be characterized by appreciable viscosity or 
energy dissipation. 
While I have disclosed my invention in terms 

of particular embodiments thereof, and with ref 
erence to a piano as a typical musical instrument 
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and to a string as a typical 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 or Scope of the invention, 
which I undertake to define in the following 
claims. 

| clain: 
1. In an action, for exciting the vibrator of a 

musical instrument, including a vibrator-striking 
hammer and actuating means therefor against 
which the hammer may rebound after Striking 
the vibrator: an anti-rebound device for deliver 
ing to the hammer an impact opposing a rebound 
of the hammer from the actuating means, said 
device comprising a mass moved by said actuating 
means coincidentally with at least the final por 
tion of movement of the hammer by the actuating 
means, and moved by its own inertia after the 2 
hammer strikes the vibrator; and a spring, de 
flected by Said mass at least during. Said last 
mentioned movement, and supporting said maSS 
in the action. 

2. In an action, for exciting the vibrator of a 
musical instrument, including a vibrator-striking 
hamme and actuating means therefor against 
which the hainner may rebound after striking 
the vibrator: an anti-rebound device for deliver 
iing to the hammer an impact opposing a rebound 
Of the hanlmer from the actuating means, Said 
device comprising a mass moved by said actuat 
ing means coincidentally with a? least the ter 
ininal portion of movement of the hammer by 
the actuating nineans, and moved by its own inertia 
after the hammer strikes the vibrator; and a 
Spring deflected by Said maSS at leasü through 
Out Said last-mentioned movement of Said maSS. 

3. In an action, for exciting the vibrator of a 
musical instrument, including a vibrator-striking 
hammer and actuating means therefor against 
which the hammer may rebound after striking 
the vibrator: an anti-rebound device for deliver 
ing to the hammer an impact opposing a rebound 
of the hammer from the actuating means, said 
device comprising a mass moved by the actuating 
means coincidentally with at least the terminal 
portion of movement of the hamimer by the actu 
ating means and moved by its own inertia after 
the hammer Strikes the vibrator; and a spring 
deflected by Said mass at least during a portion 
of each of said two movements of said mass. 

4. In an action, for exciting the vibrator of a 
musical instrument, including a vibrator-striking 
hammer and actuating means therefor against 
which the hammer may rebound after striking 
the vibrator: an anti-rebound device for deliver 
ing to the hammer an impact opposing a rebound 
of the hammer from the actuating means, said 
device comprising a mass supported for move 
ment relative to the hanner but for the delivery 
of impactive force from ühe mass to the hammer 
only in a direction of opposition to moveinent 
of the hanner toward the vibrator; and neans 
for damping impactive forces delivered from the 
na SS to the hammer. 
5. In an action, for exciting the vibrator of a 

musical instrument, including a vibrator-striking 
hanisher and actuating means therefor against 
which the hammer may rebound after striking 
the Vibrator: an anti-rebound device for deliver 
ing to the hainner an impact, opposing a rebound 
of the hammer from the actuating means, said 
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device comprising a mass supported for move. . 
ment relative to the hammer but for the delivery 
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of impactive force from the mass to the hamme) 
only in a direction of opposition to movement 
of the hammer toward the vibrator, and furthe: 
comprising a flexible length of material charac 
terized by high internal danping, through Which 
in tension Such impactive force is delivered and 
damped. 

6. In an action, for exciting the vibrator of a 
in usical instrument, including a Vibrator-striking 
hanner and actuating means therefor against 
Which the hanner may rebound after Striking 
the vibrator: an anti-rebound device for deliver 
ing to the hammer an impact opposing a rebound 
of the hammer from ühe actuating means, said 
device comprising a Spring, and inertia, means, 
kinetically energized by the actuating means 
and effective at least as soon as the hammer 
strikes the vibrator to deliver energy to said 
spring for storage therein. 

7. In an action, for exciting the vibrator of a 
musical instrument, including a vibrator-striking 
hammer and actuating means therefor against 
which the hammer may rebound after striking 
the vibrator: an anti-rebound device for deliver 
ing to the hammer an impact opposing a rebound 
of the hammer from the actuating means, said 
device comprising a Spring, an inertia, means, 
kinetically energized by the actuating means and 
SUppOrted for novement, relative to the hammer 
but for the delivery of impactive force from the 
maSS to the hammer only in a direction of opposi 
tion to movement of the hammer toward the 
Vibrator, for delivering energy to said spring for 
storage therein, 

8. In an action, for exciting the vibrator of a 
musical instrument, including a vibrator-striking 
hanner and actuating means therefor against 
which the hammer may rebound after striking 
the vibrator: an anti-rebound device for deliver. 
ing to the hamliner an impact opposing a rebound 
of the hammer from the actuating means, said 
device comprising an oscillating system, formed 
by COOperating maSS and compliance, at least 
partially intercepting the path of movement of 
a portion of the hammer. 

9. In an action, for exciting the vibrator of a 
musical instrument, including a vibrator-striking 
hammer and actuating means therefor against 
Which the channmer may rebound after striking 
the Vibrator: an anti-rebound device for deliver 
ing to the hammer an impact opposing a rebound 
of the hammer from the actuating means, said 
device comprising an oscillating system, formed 
by Cooperating mass and compliance, subjected 
by the actuating means to internal movement 
Simultaneously with a movement of the hammer 
preceding its striking of the vibrator and capable 
of executing a free excursion thereafter. 

10. In an action, for exciting the vibrator of 
a musical instrument, including a vibrator strik 
ing hammer and actuating means therefor 
against which the hammer may rebound after 
Striking the vibrator: an anti-rebound device for 
delivering to the hammer an impact opposing a 
rebound of the hammer from the actuating 
means, Said device comprising a mechanical oscil 
lating system subjected to internal movement at 
least as Soon as the hammer strikes the vibrator 
and capable of executing a free excursion there 
after, Said System comprising a cooperating 
Spring and maSS jointly having a period of free 
excursion Substantially equal to the sum of the 
intervals of hammer contact with vibrator, of 
hammer travel from vibrator to actuating means, 
and of hammer contact with actuating means in 
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mediately prior to an attempted rebound there 
from. 

11. The combination, with an action for excit 
ing the Vibrator of a musical instrument and in 
cluding a Wibrator-Striking hammer and actuat 
ing means therefor against Which the hammer 
may rebound after striking the vibrator, of an 
anti-rebound device comprising means for deliv 
ering to the hammer an impact opposing a re 
bound of the hammer from the actuating means, 
said impact-delivering means extending to inter 
cept the path of movement of a portion of the 
hammer. 

12. The combination, With an action for excit 
ing the Vibrator of a musical instrument and in 
cluding a vibrator-striking hammer and actuat 
ing means therefor against which the hammer 
may rebound after striking the vibrator, of an 
anti-rebound device comprising means for deliv 
ering to the hammer an impact opposing a re 
bound of the hammer from the actuating means, 
said impact-delivering means being secured to a 
stationary portion of said action and extending 
therefrom to intercept the path of movement of 
a portion of the hammer. 

13. The combination, with an action for excit 
ing the Vibrator of a musical instrument and in 
cluding a vibrator-Striking hammer and actuat 
ing means therefor against which the hammer 
may rebound after striking the vibrator, of an 
anti-rebound device comprising means for de 
livering to the hammer an impact opposing a re 
bound of the hammer from the actuating means, 
Said impact-delivering means being carried by 
the actuating means. 

14. The combination, With an action for excit 
ing the vibrator of a musical instrument and in 
cluding a vibrator-Striking hammer and actuat 
ing means therefor against which the hammer 
may rebound after striking the vibrator, of an 
anti-rebound device comprising means for deliv 
ering to the hammer an impact opposing a re 
bound of the hammer from the actuating means, 
said impact-delivering means being carried by 
the actuating means and extending therefrom 
to intercept the path of movement of a portion 
of the hammer. 

15. In an action, for exciting the vibrator of a 
musical instrument, including a vibrator-striking 
hammer: the combination of a flange, means piv 
oting the hammer to Said flange, and a spring 

O 

2 

30 

20 
having a central portion coiled about said ham 
mer-pivoting means and having terminal por 
tions extending therefrom to bear against Said 
flange and said hammer, respectively. 

16. In an action, for exciting the vibrator of 
a musical instrument, including a vibrator-strik 
ing hammer and movable actuating means there 
for against Which the hammer may rebound after 
striking the vibrator: an anti-rebound device for 
delivering to the hammer an inpact opposing a 
rebound of the hammer from the actuating 
means, Said device comprising an Oscillating sys 
tem, formed by cooperating maSS and compli 
ance, subjected by the actuating means to inter 
nal mOVement Simultaneously With at least the 
terminal portion of the movement of the hammer 
by the actuating means and Subjected to further 
internal movement by its own inertia after the 
hanner Strikes the vibrator. 

17. In an action, for exciting the vibrator of a 
musical instrument, including a vibrator-striking 
hammer and movable actuating means therefor 
against which the hammer may rebound after 
Striking the vibrator: an anti-rebound device for 
delivering to the hammer an impact opposing a 
rebound of the hammer from the actuating 
means, Said device comprising an OScillating Sys 
ten, formed by cooperating maSS and compliance, 
both bodily and internally movable, Subjected 
by the actuating means to both bodily and inter 
nal movement simultaneously with at least the 
terminal portion of the movement of the hammer 
by the actuating means and subjected to further 
internal movement by its OWin inertia, after the 
hammer Strikes the vibrator. 

BENJAMIN F. MESSNER. 
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