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1. 
My invention relates to progressively acting 

electrical contact devices, which for convenience 
I shall hereinafter refer to as 'SWitches.' While 
the utility of my invention is not so confined, I 
Shail describe it in an exemplary embodiment, 
which is a Volume control Switch designed pri 
marily for use in electrical musical instruments, 
Such as the electronic organ. 

It is a primary object of my invention to pro 
Wide a volune control Which has long life, and 
is capable of performing satisfactorily after 
many millions of cycles of operation. 

It is an object of my invention to provide a, 
Volume control or like Switch which is simple and 
inexpensive in construction but positive in ac 
tion, adequately protected in use, not likely to 
get out of order either by reason of physical in 
jury or by reason of wear, and relatively simple 
to adjust. 

It is an object of my invention to provide a 
Switch mechanism of the type in which a plural 
ity of blades or leaves are caused to act sequen 
tially in making and breaking a seriese of con 
tacts, in which simple and adequate means are 
provided to enforce the Sequential making and 
breaking actions in a predetermined Order. 

It is an object of my invention to provide a 
Volume control or like switch which in operation 
will be electrically silent and which will not de 
velop electrical noise upon the wearing of contact 
elements or other injury thereto. 

It is an object of my invention to provide a 
Volume control or like Switch which is Small in 
size and Self-contained in that all of the resist 
ance elements required may be included in the 
casing of the switch; and it is a further object 
to provide a switch in which the operating de 
vices are adequately enclosed and protected from 
external influences. 
These and other objects of my invention, which 

will be set forth hereinafter or will be apparent 
to one skilled in the art upon reading these speci 
fications, I accomplish in that construction and 
arrangement of parts of which I shall now de 
scribe the aforesaid exemplary embodiment. Ref 
erence is made to the drawings forming a part 
hereof and in which: 

Figure 1 is an elevational view with parts in 
section of an exemplary embodiment of my Wol 
ume control Switch and the actuating pedal of 
a musical instrument. 

Figure 2 is a partial plan view with portions 
in section of my volume control Switch. 

Figure 3 is a partial sectional view taken along 
the line 3-3 of Figure 2, - 
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Figure 4 is a partial plan view showing the 

blades or leaves in circuit closing positions. 
Figure 5 is a partial perspective view of a stop 

means which I employ and which for conven 
ience shall refer to hereinafter as a 'comb.' 

Figure 6 is a diagrammatic view of operating 
elements of my volume control switch in combi 
nation with certain circuit elements showing a 
mode of use of my structure. 
Figure 7 is a partial circuit diagram showing 

a modified mode of operation. 
Referring first to Figure 2, I prefer to provide 

a casing of metal or other suitable substance 
having a botton wall i, side walls 2 and 4 and 
end walls, one of which is shown at 5. This cas 
ing will be provided with a cover, not shown in 
Figure 2 but indicated at 6 in Figure 1. I may 
line the inner surface of the cover 6 with a suit 
able gasket material to provide a dust-tight seal. 
The cover may be fastened in place in any suit 
able way; and I have shown in Figure 2 adja 
cent the end Wall 5 an ear having a tapered 
perforation to receive a screw. The side Wall 2 
of my casing is shown perforated and provided 
with an insulating grommet or bushing 8 for the 
passage of the electrical leads from the SWitch. 
The side wall 4 is shown perforated and provided 
with a bushing 9 through which an insulative ac 
tuating plunger f) is movable axially. Except 
ing for these two openings, the casing may be 
completely closed, thus protecting the interior 
mechanism from dust and other external influ 
eCeS. 

The plunger to may be actuated in any way 
desired. Where the device is to be used as a 
Volume control switch moved by the conven 
tional foot pedal in an organ-type instrument, 
I may fasten a leaf spring to the end wall 5 
of the casing. This leaf Spring is bent over be 
yond the side wall 4 and is provided with an ac 
tuating bar or lever 2. 
The manner of connecting the switch to a foot 

pedal is illustrated in Figure 1. Here the Switch, 
generally indicated at 3, is mounted upon a 
bracket 4 in the instrument. The foot pedal 
5, pivoted as at 6, to a Support f on the base 

of the instrument may simply be connected by a 
link 8 or other transmission element to a point 
near the Outer end of the lever 2. Such that the 
normal range of movement of the pedal 5 will 
produce the required movement of the lever 2. 
Within the casing I provide a plurality of 

blade-like leaves 9, 9a, etc. Each of the blades 
is provided with contact elements indicated at 
20. The blades are clamped in parallelism ber 



2,498,569 
3 

tween insulating blocks 2, 2a, etc. Warious 
modes of mounting may be employed. I have 
illustrated a pair of threaded bolts 22 and 23 
Which extend through the insulating blocks and 
leaves respectively, and through the side Wall 
4 of the casing. At the opposite end of the Stack 
these bolts engage in threaded perforations in 
a metal member 24 so that the assembly may be 
strongly clamped by tightening the bolts 22, 23. 
It will be understood that the leaves 9, 9d, etc. 10 
are provided With oversize holes where the bolts 
22, 23 pass through the assembly So that electrical 
contact between the blades is avoided. Insulative 
bushings 22a and 23d, around the Screws 22 and 
23 respectively paSS through these oversize holes 
and through similarly sized holes in the insulative 
blocks 2, 2d, etc. The bolts 22, 23 may be car 
ried through the opposite wall of the casing for 
rigidity if desired. 

In the operation of this Sort of Switch mecha 
nism, the blades 9, 9d, etc. are intended nor 
mally, to be so positioned that, their various con 
tacts 2, 20a, etc. are separated. An axial in 
Ward movement of the plunger will bring it 
against the blade 9 or the contact element 2 
thereon, and, moving the blade end to the left 
in Figure 2, Will bring the contact 2) against 
the contact. 2d. On the blade 9d. A further 
movement Will produce contact between element 
20a and element 20t, and so on throughout the 
series. This, however, presupposes an accurate 
initial positioning of the Several blades With their 
contact elements separated, as shown in Figure 
2. I accomplish this by providing Stop men 
bers for each of the blades so positioned as to 
maintain the desired initial relationship of the 
blades, and by biasing the blades against the 
Several stops resiliently. 

Figure 4 shows the assembly of blades fully 
actuated to contact closing position. It will be 
noted that the first blade 9 will be required to 
move a greater distance than the next blade 9d., 
and So, on throughout the assembly. Further, 
Since the blades are in parallelism and closely 
Spaced, it will be noted that the distance which 
the end of the first blade must move is greater 
than the normal distance between blades and 
hence between blade stops. Provision must be 
Inade for these factors, and I do So by dividing 
the Stops into tWO or more rows, arranging them 
in staggered formation, and providing the blades 
With tongues on alternate sides in such fashion 
that any blade is permitted to move past the 
Stop for the next succeeding blade. 
Referring to Figure 5, I have shown a stop 

naechanism 25 in the form of a comb made of 
insulative substance. At each side of one edge I 
provide Series of actual stops, one series being 
indicated at 26, 26d, etc. and the other at 27, 
27d., etc. The stops in the two series are shown 
in offset relationship. 

Referring to Figure 3, it will be seen that the 
blade 9 is provided With a tongue 28 which will 
engage the stop 2 but will pass the stop 26. 
The next succeeding blade 9a, is provided with 
a tongue 29 which will engage the stop 26 but 
not the stop. 27a. Thus when the several blades 
are moved or deflected by the plunger , each 
blade may move from its stopped position, past 
the next succeeding Stop, and as far as the sec 
Old Succeeding stop in the series. However, I 
may make the plunger O. of such length that its 
Cuter end is flush With the bushing 9 when all 
contacts are closed, thus preventing injury to 
the blades due to their being pushed against the 
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4. 
stops. In an assembly in which the dimensional 
relationships and number of blades are substan 
tially as shown, this range of movement is suf 
ficient. For larger numbers of blades it is with 
in the Scope of my invention to divide the Several 
stops into more than two series, and provide 
tongues on the blades which will contact the 
stops in Only one series for any one blade. Since 
the required movement of my blades is progres 
sive from one side of the assembly to the other, 
it is also within the Scope of my invention to 
graduate the distances between stops in the Sey 
eral Series, if desired, to make them proportional 
to the required movements of the Several blades. 
fy Such arrangements I may provide a struc 
ture in which movement of the several blades is 
permitted, as illustrated in Figure 4, to bring 
their several contacts successively into closed 
circuit position, while When the blade assembly 
is released by Outward movement of the operat 
ing ever 2, the blades Will return to position 
against their respective stops with the contacts 
all open, aS ShoWin in Figure 2. 
The comb element 25 is mounted in its proper 

position in the casing in any suitable way. I 
have illustrated it as mounted upon spacing 
Washers 30 against the back Wall f of the casing 
by means of bolts 3 and 32. 
The ends of the leaves 9, 19d., etc. opposite 

their contact ends may be connected as desired 
into any appropriate form of electrical circuit. 
A particular arrangement having advantages 
where the device is to be used as a volume con 
trol for electrical musical instruments is illus 
trated in Figures 2 and 6. Here the first blade 9 
is directly connected to an electrical lead, the re 
maining blades 9a, 9b, etc. are interconnected 
by resistance or other impedance elements 34a, 
34b, 34c, etc., which are in turn connected to a 
bus bar 35. An electrical lead 36 is also con 
nected to this bus bar; and the leads 33 and 36 
paSS through the bushing 8 in the Side of the 
Switch. 

In Figure 6 where like index numeras indicate 
the same parts of the Switch mechanism itself, 
I have shown at 3 an electronic tube which may 
be considered as part of an amplifier. An input 
circuit 38 is shown as connected to the grid of . 
this tube. It Will be maintained at a desired 
signal level above ground by means of a resist 
ance 39, and Will, Of course, carry to the tube 
electrical pulses from the musical instrument, 
which pulses are to be amplified and reproduced. 
The blade 9 of my switch is connected by 

means of the lead 33 to the input circuit 38 of 
the tube 37. The bus 35, to which the several 
resistances 34a, 34b, etc. of the blades 9a, 3b, 
etc. are connected is grounded by the lead 36, 
through a resistor AC bypassed by a capacity 4. 
When my switch is in the open position, as ill 
lustrated in this figure, the volume of the elec 
trical pulsations which are amplified and repro 
duced in the instrument will be determined by 
the value of the resistor 39. When the blade 9 
is moved to the left until it makes electrical con 
tact with the blade. 9a, a resistor 34a is con 
nected to ground in parallelism with resistor 39, 
as Will be evident. A greater percentage of the 
electrical pulsations in the input circuit 38 will 
then be bypassed to ground, and the volume will 
be diminished. When the blades 9 and 3d are 
moved further to the left until contact is made 
With blade 9b, resistance 34b will be connected 
to ground in parallelism with resistor 34a, and 
a further percentage of the input will be bypassed 
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to ground, and so on. In this circuit the Open 
position of my switch is the position of maximum 
volume in the reproduction System. 
An advantage of the circuit illustrated in Fig 

ure 6 is that it enables me to use higher values 
for individual resistors, which is desirable in 
relatively low resistance controls. It also sim 
plifies the soldering problem, as will be evident. 
In the use of my structure resistors may be 

connected between the blades in such fashion as 
to be by-passed by the progressive contacting of 
the blades as will be readily understood. A modi 
fied system is illustrated in Figure 7, where the 
resistors 34a, 34b, etc. are connected together in 
Series. Blades 9 and 9a are as shown, respec 
tively connected to the opposite sides of a resis 
tor 34d in the center of the series so that when 
these blades are brought into contact, the resis 
tor will be bypassed. Blade 9b is connected to 
the Outer terminal of an adjacent resistor 34c 
in the series. Blade 9c is connected to the outer 
terminal of a resistor 34e lying on the opposite 
side of the resistor 34d in the series. This mode 
of connection is followed throughout, each suc 
cessive blade being connected to the outer ter 
minal of a resistor alternately on One side or the 
other of resistors connected to preceding blades. 
The series of resistors 34a, 34b, etc. may be con 

nected to an input lead 38 of a thermionic tube 37, 
in place of the resistor 39 in Figure 6, i. e., one : 
side of the resistive network 34a, 34b, etc. may be 
connected to the lead 38, and the other side to 
ground. 

Contact between the first two blades bypasses 
a resistor 34d in the series. Contact between the 
next two blades bypasses a pair of resistors 34d 
and 34c in series. Contact between the third and 
fourth blades bypasses resistors 34e, 34d and 34c 
in series, and so on. But it will be seen in this 
System that each pair of contacts, as it closes 
is effective in bypassing a series combination of 
all of the resistors previously bypassed plus one, 
So that variations in electrical contact between 
preceding pairs of blades will not be productive 
of electrical noise. In other words, after contact 
has been established between any two blades in 
the Switch other than the first two blades, the 
opening of contacts between preceding blades 
would have no electrical effect on the circuit. 
This arrangement is of value in minimizing elec 
trical noise Such as might be produced by foreign 
matter between the contacts. If the resistive net 
work 34a, 34b, etc. of Figure 7 is substituted for 
the resistor 39 of Figure 6 the amplitude of the 
input to tube 37 Will be Smallest When all contacts 
are closed, as illustrated in Figure 4. It is pos 
sible, of course, to connect the resistive network 
34a, 34b, etc. of Figure 7 in series in the lead 38 
of Figure 6, in which event the position of great 
est volume input will be the closed position of 
the contacts. 
The above mentioned initial bias of the blades 

f 9, 9a, etc. against the stops eliminates what may 
be called contact bounce which could occur if the 
blades were left free. One type of bounce may 
occur when contact is made, one of the contact 
elements tending to bounce away from the adja 
cent one before the blades are stressed enough to 
insure positive contact. The other type of bounce 
may occur on closely Spaced contacts Such as 
herein illustrated, this spacing being as close, in 
instances, as .003 to .005 inch. If the blades were 
not resiliently biased against the stops, then 
when the contacts are opened, the blades Would 
tend to vibrate freely in such manner that adja 
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6 
cent contacts might reclose momentarily or re 
peatedly. Since bouncing could cause electrical 
noise in circuits such as those described herein, I 
have provided by the means described, for prac 
tically noiseless operation of my structure. 
The dimensions and spacing of my blades and 

of the other features of my switch are not limita 
tions upon the invention. By way of a single ex 
ample, however, I have produced switches of this 
type employing blades A in. wide by .010 in. 
thick, formed of phosphor bronze with hard 
platinum alloy contact elements. In these struc 
tures the free length of the spring is limited to 
about 1% in., and the blades are resiliently pre 
loaded by One-quarter of an ounce or more per 
blade. These switches are performing satisfac 
torily after more than 10 million cycles of oper 
ation. 

Modifications may be made in my invention 
without departing from the spirit of it. Having 
thus described my invention in a certain ex 
emplary embodiment, what I claim as new and 
desire to secure by Letters Patent is: 

1. In a structure of the class described, a 
Series of resilient conductive blades Supported in 
Spaced positions and in electrical isolation, so as 
to have freely extending end portions, pressure 
exerted upon an end portion of the first blade 
of said series serving to move it into electrical 
contact with the second blade and to move said 
second blade toward the third and so on through 
out the series, an actuator for exerting said pres 
sure on said first blade, said blades being resil 
iently biased in a direction toward said actu 
ator, and stops for said several blades individ 
ually, the biasing of said blades bringing then 
to rest against said stops in the absence of said 
pressure, the stops being located to retain said 
blades out of contact. 

2. The structure claimed in claim 1, wherein 
said stops are arranged in a plurality of rows 
and wherein said blades have tongues each lo 
cated to contact a stop in one only of said rows, 
each successive blade tongue contacting a stop in 
a different roW. 

3. The structure claimed in claim 1, wherein 
said stops are arranged in a plurality of rows 
and wherein said blades have tongues each lo 
cated to contact a stop in one only of Said roWS, 
each successive blade tongue contacting a stop 
in a different row, Said stops forming part of an 
insulative structure in which the stops of the 
several rows are staggered with respect to each 
other. 

4. The structure claimed in claim 1, Wherein 
said stops are arranged in a plurality of roWS 
and wherein said blades have tongues each lo 
cated to contact a stop in one only of Said roWS, 
each successive blade tongue contacting a stop 
in a different row, said stops forming part of an 
insulative structure in which the stops of the 
several rows are staggered with respect to each 
other, and including a casing in which said 
blades are so supported in clamped relationship 
between insulative blocks, in which said insula 
tive stop structure is supported and in which 
said actuator comprises a plunger element mov 
able axially through an opening in a Wall of 
Said Casing. 

5. The structure claimed in claim 1, wherein 
said stops are arranged in a plurality of rows and 
wherein said blades have tongues each located to 
contact a stop in one only of said rows, each suc 
cessive blade tongue contacting a stop in a dif 
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ferent row, said stops forming part of an in 
Sulative structure in which the stops of the Sev 
eral rows are staggered with respect to each 
other, and including a casing in which said bladeS 
are so supported in clamped relationship be 
tween insulative blocks, in which said insulative 
stop structure is supported and in Which Said 
actuator comprises a plunger element movable 
axially through an opening in a Wall of Said 
casing, and further includes a resilient element 
attached to a wall of Said Casing and having a 
free portion with a lever arm thereon for nov 
ing said plunger. 

6. The structure claimed in claim 1, Wherein 
said stops are arranged in a plurality of roWS 
and wherein said blades have tongues each io 
cated to contact a stop in one. Only of Said roWS, 
each successive blade tongue contacting a Stop 
in a different row, said stops forming part of an 
insulative structure in which the stops of the 
several rows are staggered with respect to each 
other, and including a casing in Which said blades 
are so supported in clamped relationship between 
insulative blocks, in which said insulative Stop 
structure is supported, said casing also contain 
ing impedances, electrically interconnecting Some 
at least of said bladeS. 

7. The structure claimed in claim 1, wherein 
said stops are arranged in a plurality of roWS 
and wherein said blades have tongues each lo 
cated to contact a stop in one only of said roWS, 
each successive blade tongue contacting a stop 
in a different row, said stops forming part of an 
insulative structure in which the stops of the 
Several roWS are staggered with respect to each 
other, and including a casing in which Said blades 
are so supported in clamped relationship between 
insulative blocks, in which said insulative Stop 
structure is Supported, said casing also contain 
ing impedances electrically interconnecting some 
at least of said blades, said impedances being 
connected respectively between all blades except 
ing the first and a bus bar, and leads from Said 
first blade and Said bus bar passing through an 
opening in a Wall of Said casing. 

8. The structure claimed in claim 1, wherein 
Said Stops are arranged in a plurality of roWS 
and wherein said blades have tongues each located 
to contact a Stop in one only of Said roWs, each 
Successive blade tongue contacting a stop in a 
different row, Said stops forming part of an insu 
lative Structure in which the stops of the several 
rOWS are Staggered With respect to each other, 
and including a casing in which said blades are 
SO Supported in clamped relationship between 
insulative blocks, in which said insulative stop 
Structure is supported, said casing also contain 
ing in pedances electrically interconnecting some 
at least of said blades, said impedances being 
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connected respectively between all blades except 
ing the first and a bus bar, and leads from Said 
first blade and said bus bar passing through 
an Opening in a Wall of Said casing, Said casing 
having a cover completing a Substantially dust 
tight encioSure of the parts Within the casing. 

9. A volume control SWitch having the struc 
ture claimed in claim. 1, in which all of said 
blades excepting the first are connected by in 
pedances to a grounded bus bar and in which 
Said first blade is connected to a circuit the 
volume of which is to be controlled, which cir 
cuit is maintained at a signal level above ground 
by a grounded impedance, whereby the exertion 
Of preSSure on Said blades to bring them. Suc 
ceSSively into electrical contact with each other 
resultS in the Connection of an increasing num 
ber of Said first mentioned impedances in par 
allelism. With the last mentioned impedance to 
decrease progressively the effective signal level 
in said circuit. m 

10. A. Volume control switch having the struc 
ture claimed in claim 1, in Which an impedance 
network is provided having impedance portions 
in Series, Wherein the first pair of blades are 
connected to Successive impedance portions ly 
iing alternately on opposite sides of the first 
mentioned portion so that the effecting of elec 
trical contact between any two blades other than 
the first pair, will bypass a series of impedance 
portions to which preceding blades are inter 
mittently connected, for the purpose described. 

11. In a progressive contact switch mecha 
raism, a Series of blades supported in spaced re 
lationship in electrical isolation and having free 
ends extending in the same direction so that 
preSSure exerted in one direction on the first 
blade of Said Series will bring it into electrical 
contact with the second blade and move it to 
Ward the third and So on throughout the series, 
Said blades being biased in the direction from 
which Said pressure is exerted, and individual 
stops related to the blades of the series to re 
tain them in Substantial parallelism and out of 
electrical contact with each other, the relation 
Ship betWeen the blades and stops being such 
that each blade can move past the stop for a 
Succeeding blade. . 
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