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This invention relates to electrical circuits
and more particularly to electrical systems.

It is the principal object to provide an elec-
trical switching system for rapid and accurate
control of a group of impedances from a single
control member to vary the impedance progres-
sively over a wide range in uniform increments.

It is also an object to provide control means
for groups of impedances arranged in a Units
or first order group, and at least one higher
order group in which the entire range of values
may be traversed progressively in uniform in-
crements, avoiding any open circuit positions or
abrupt changes in the circuit values.

It is a further object to provide a system hav-
ing circuits arranged in groups of a first and at
least one higher order of values with switch
means for each group coupled together and oper-
able from a single shaft in which the total value
of the groups included in the circuit is a func-
tion of the total angle to which such. shaft is
attached, the system providing for traversing
the entire range of values in a continuocus man-
ner and with no greater change of values at any
time than approximately that of the first order
of values.

1t is also an object to provide an electrical
switching system having eircuits of a first and
at least one higher order of values which are ar-
ranged to be switched progressively -in steps of
the first order of values over the entire range
without causing any change in values as great
as the second or any higher order of values.

- Other objects and advantages will be appar-
ent. from the following description, the accom-
panying drawing, and the appended claims.

In the drawing, the single figure is a schematic
view showing the single control element and the
group of switching arms operatively related
thereto, in accordance with the present inven-
tion.

The provision of “decade type” switches is well
known in which electrical circuits, such for ex-
sample as resistors, reactors, or other impedances,
are arranged to be adjustable and progressively
included in an electrical circuit. For example
impedances may be arranged in a group of a
drst order of values, and in other groups of a
second, third, or still higher order of values.
Thus, as a specific example, the first order group
may comprise 10 resistors each having a resist-
ance of 1 ohm, the second order group compris-
ing ten resistors each having a resistance of 10
ohms, the third order group comprising ten re-
sistors each having a resistance of 100 ohms, and
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so on. By providing separate switch arms for
the resistors of each group, a total resistance
may be selected to have any (integer) value be-
tween 1 and 1,000 ohms.

Further analysis will show that if the adjust-
able contact arm of the first order group of re-
sistances is wide enough to span two adjacent
contacts, it will not cause open circuits at any
time and the maximum change in- the total re-
sistance in the circuit at any time will be only
the value of a unit of the first order group, in
the case above referred to, such value being 1
chm. However when the contact arm of the
second order leaves one resistance point and
passes to the next adjacent point, it will cause an
abrupt change in the resistance in the circuit of
a unit of the second order of values, namely, 10
ohms in the case assumed. Similarly the changes
occurring upon movement of the third order
switch arm will be abrupt changes or steps or
100 ohms each. With stch an arrangement a
sharp change in the electrical values in a circuit
will thus occur at each transfer of the switch
arms of the second and any higher order of
values, interfering with the smooth and regular
progression which is desired for many purposes.
Similar analysis will show that if the switch arms
are of less width so that they do not span adja-
cent contacts, open circuit conditions will occur
in addition to the abrupt changes in values
described, and additional objectionable line con-
ditions will thus be invoived.

The present invention provides a switching
system of the so-called decade type in which re-
sistors, reactances or other electrical circuits are
arranged in a first order group and at least one
higher order group. A single continuously ad-
justable control element is provided in conjunc-
tion with suitable switching means so that by
ceontinuous operation of the control member, the
entire range of values may be progressively
traversed with regular and uniform steps, the in-
crements being those corresponding to the first
This uniformity continues
through the operation of the switching elements
for the control of the second and higher order
of values, there being no abrupt change in the
cireuit values at the time when the switch con-
tacts establish or break connection with the cir-
cuits of the second or any higher order of values.

Referring specifically to the example asbove
given, the present invention provides for includ-
ing resistance in a circuit beginning with 0 ohm
up through 10 ochms in the first order of values,
then upon further operation of the control mem-~
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ber incorporating the first of the 10 ohm or second
order values of resistance. Continued operation
of the control member increases the resistance
by one ohm steps up to 20 ohms when two of the
second order resistors are included. This proc-
ess is continued up to 100 ohms, at which time
the first unit of the third order of values is in-
cluded, and.the values progress.continuously in

the same manner. through the entire range of

the circuits provided. At no time is the circuit
left in an open condition and there are no abrupt
changes in the resistance included in the circuit,
the steps being regular and uniform and varying
by 1 ohm values throughout the entire range.
Further the actual resistance in the. circuit at
any time is a direct function of the total angle
through which the control member hags heen ap-

erated so that a highly desirable system is pro-

vided which is particularly suited by automutic
or remote control.

Referring to the drawing which discloses a.

preferred embodiment of the invention, the elec-
trical circuits are represented by way of illus-
tration as resistances. They were arranged in
groups comprising a first order group made.up-of
resistors Rl to RI18 respectively. While.the sys-
tem herein shown makes use of ten resistors in
each group, and is thus based on a decimal sys-
tem, it will be evident that the number of units
in each group may be selected as -desired and may
be either less or greater than the ten which have
been illustrated. For example, an advantageous
grrangement is comprised of 12 units in each
group and would thus be based on a duodecimal
system. ' Inh -any-case the values of each one of
the impedances of the second order group are
the same as the value of entire bank of first order
fmpeédances.

The resistors of the second order group.are
shown at R3! through R40, and each has ten
times the resistance of those of the first order
group. The resistors of the third order group
are shown at R1I through R89, each of which
comprises 10 times the resistance of the units :of
the second order group or a resistance of 100
times that of the resistors of the first: order
gfoup. -

““Resistors Rl to R18 are connected in series
felation with each other and connections are
brought out from each resistor to a series of
contact terminals. correspondingly numbered |
through 10 which are miounted concentrically
on a suitable insulating plate 12. A movable
switch arm 14 is mounted on shaft 1§ for move-
ment in a continuous manner over the contacts
‘%o 10. ‘As shown it is of sufficient width so
that 1t will span two adjacent contacts.

_Shaft 15 is shown as being.rotated by a handle
18 for manual operation, it being understood that
any desired automatic operation or control may
be utilized instead of the manual control. A
‘cam 17 is mounted on shaft 1§, the cam having
high and low areas which are approximately
‘équal‘in their afcuate extent.

“Cam 17 controls a single pole doublé throw
toggle or snap action switeh comprising a mov-
#ble contact arm 20 which is actuated by the
cam between two positions where it closes alter-
‘nately with contacts 21 and 22. The cam is so
arranged relative to switch arm 28 that when
‘rotated in the direction indicated by the ar-
row in the drawing, the high portion of -the
‘éam ‘engages with spring arm 20:to cause the
opening of switch contact 22 and the simul-
taheous closing of contact 21 at thé time when
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the switch arm 14 of the switch is centered over
contact terminal 10. .

Resistors R31 to R40 comprising the group of
values of the second order, are also connected in
series relation with each other and connections
are made from the several resistors to contact
terminals numbered 31 to 40 which are con-
centrically mounted on insulating plate 42. In
addition a second insulating plate 48 is provided
which is mounted in parallel but axially spaced
relation with plate 42 and which also contains
a series of contacts connected with the same
group. of resistors 31 to 40 and marked 81’
through 40’ respectively.

-A main movable switch arm 44 is mounted on
shaft 4§ for movement over contacts 3i to 40
and like arm. 14, is of sufficient width to span
each twog adjacent contacts. Shaft 45 also car-

" ries ahother switch arm 46 which traverses con-
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tacts 31’ to 40’. Auxiliary switch arm 46 operates
in unison with arm 44, but as shown is angularly
displaced therefrom or retarded by one step or
contact. Thus when arm 44 is on contact 35,
for example; arm 46 is on contact 24. Purther,
arm 46 is not wide enough to span adjacent con=
tacts, but is of such width that upon movement
in- elther direction it establishes contact with.
the terminal toward which it is moving before
arm- 44 breaks contact with the terminal it is
leaving.

Shaft 45 is driven by a large gear 50 engaging:
with small pinion §1 of shaft (5. The ratio s
such that a complete revolution of shaft 15 causes
the advance of shaft 45 and of the contacts 44
ahd 46 by one step. Shaft 4§ carries a cam 67
similar to cam {1 which actuates the movable
switch arm 60, forming part of a snap action
switch similar to switch 20, to cause it to close
alternately with its contacts 64 and 62. .

Resistors R11 through R80, comprising the cir-
cuits of the third, and in this case the highest,
order of values, are similarly connected in series
relation with each other. A double set of insulat-
ing plates 82 and 83 are each arranged with its
respective .sets of contact terminals 11 to 80 and
11’ to 80’, similar to the arrangement of the re-
sistors of the second order of values described
above. Main and auxiliary switch arms 74 and 18
cooperate with contacts 71 to 80 and 71’ to 80’ re-
spectively, arm 16 being displaced or retarded by
one- step relative to arm 74 as above described
with respect to arms 46 and 44. Both switch arms
are rotated in unison by shaft 85 from gear 80
driven by pinion 9 on shaft 45. Again the re-
duced ratio is such that shaft 85 and its contact
arms T4, 16, are advanced by one step in response
to a-complete rotation of shaft 45: .

Switch arm 20 is directly connected with resis-
tor R1 by line 95, while contact 2! is connected
with terminal 10 on the first ‘bank of resistors by
line 96. Contact 22 is connected directly to the
asuxilary switch arm 46 of the second bank of
resistors-by line 91. One side of the main circuit
is indicated at 108, connection from which is made
directly to the resistor R10, and a parallel con-
nection being made to the movable switch arm #4.
" Resistor R1 iIs also connected directly to R48
as shown at 102 and by a parallel connection 108
to-the movable switch arm 44. Resistor 31 is con-
nected as shown at 110 to switch arm 60, and
through line 112 with the first unit R1I of the
third bank of resistors, a parallel connection 114
also being: made to the switch arm T4. Contact
€1 is connected to terminals 40 and 40’ while con-
tact 62.is connected to the auxiliary switch arm
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16 of the third bank of resistors. Connection is
made by a line 115 from the end of resistor R80
to the opposite main line terminal (18,

-In operation, the system above described func-
tions in the following manner,  Assuming a ro-
tation of shaft 15 in the direction of the arrow
shown inthe drawings, i. e., counter-clockwise,
movable contact 14 moves over the terminals 1
to 10 in sequence, providing for gradually in-
creasing the resistance in the circuit in uniform
steps- of the value of each individual resistance
element. The circuit through the first bank of
resistors may be - followed from terminal 100,
through the rotatable switch arm 14, to the con-
tact terminal which it engages, into the succes-
sive resistors Rn down to Rl which may be in-
cluded, and out through line. 102 to the resistors
of the second and third banks which may be in-
cluded. Thus with control in the position shown,
the circuit may be traced through line 103, switch
arm 48, resistors R35, R34, R33, R32 and R3l, line
110, line {12, line 114, switch arm 74, resistors
RI18 through RTl, and from line {15 to the op-
posite circuit terminal {186.

As the arm 14 moves from terminal | to ter-
minal 5 the high portion of the cam !T main-
tains switch arm 20 against contact 21 thus com-
pleting a circuit from terminal 0 directly to the
outer terminal of RI. Since however terminal
10’ is not connected with the bank of resistors in
any’ way, this circuit is 1neffect1ve under these
conditions.

" As the swifich arm 14 moves from terminal 5 to
terminal 6, the low point of cam 17 engages the
switch arm 20 and allows the same to move under
its spring action, opening contact 21 and closing
against contact 22. This establishes a circuit
from line 105 to the movable switch arm 46 which
is trailing behind contact 44, but moving toward
the same contact point which arm 44 is leaving.
Thus by way of example when switch arm 44
Jeaves contact 34 and approaches contact 35, arm
46 approaches its contact 34’, and establishes con-
tact therewith before switch arm 44 leaves its con-
tact 34. It will thus be evident that during the
remaining half of the revolution of shaft 15, and
even following the complete opening of the cir-
cuit between switch arm 44 and its contact 34,
the line circuit is maintained through line 95,
switch 20, contact 22, line 97, and auxiliary switch
arm 46, which is in direct contact with its con-
tact 34’. Thus there is no premature incorpora-
tion of the next step of resistance in the circuit,
until that condition is desired, and the fact that
main switch arm 44 has moved up to contact 35 is
ineffectual.

As the final movement of switch arm 14 into
contact with its terminal 10 is completed, it will
be evident that the final unit value of the resist-
ance has been included in the first bank of re-
sistors, corresponding for example to four units in
the second bank comprising resistors R31 to R34
and 10 units in the first bank comprising re-
sistors Rl to R10. At this point, the rise of cam
11 engages switch arm 20, causing it to move
rapidly from its closing position against contact
22 to its closing position against contact 21. This
movement effects the opening of the circuit
through auxiliary switch arm 46 which is on con-
tact terminal 34’, and the circuit is then com-
pleted through main switch arm 44 which en-
gages contact 35, thus including the next unit or
resistor R35, in the circuit. Simultaneously, the
closing of switch ‘arm 20 against contact 21 es-
tablishes a short circuit for the entire first bank
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of resistors Ri to RI0 so that the total resistance
in the circuit remains the same. There is there-
fore no abrupt change in the total resistance in-
cluded in the circuit, the switching operation
above described providing for the simultaneous
incorporation of an additional step of resistance
of the second order of values concurrently with
the exclusion of the entlre first . order group of
resistances.

It will be evident from the above that further
operation of shaft 15 provides for reincorpora-
tion of the first bank of resistors in a step by step
manner, with similar switching of the circuits of
the final or last step of the units resistances, in
the manner described above. It will also be clear
that the system works equally well in both di-
rections, providing for selective increase or de-
crease of the resistance values in the uniform
steps, in the manner already described.

The functioning of the third order group of
resistances is similar to the operation -already
described, the lower value circuit being estab-
lished through switch arm 76 while switch arm
14 completes its movement to the next succeed-
ing position, with the final transfer of the circuits
being governed by cam 57 to occur upon the move-
ment of switch arm 44 to terminal 40. It will
thus be clear that the inclusion or exclusion of
one of the resistors: RTi or R80, comprising re-
sistors of the third order of values, effects no
change in the overall value of the resistance in
the circuit, and again there is no abrupt change
in the eircuit, the maximum change which oc-
curs being approximately that corresponding to
a single unit of the first order of values.

It will also be clear that the final position of
all of the contact arms described above, as well
as the total value of resistance (or other electri-
cal values) included in the circuit will be a direct
function of the total angle through which shaft
15 has been rotated. It is thus possible to pro-
vide for automatic control of a group of electric
circuits over a wide range of values while assur-
ing uniform and predetermined electrical circuib
conditions at all times, the total value of which
is a direct function of the total angle through
which the control shaft has been operated. The
device is extremely simple and both reliable and
satisfactory in operation, providing for the ob-
taining of new and highly advantageous results
in switching systems of the character described.

While the forms of apparatus herein described
constitute preferred embodiments of the inven-
tion, it is to be understood that the invention is
not limited to these precise forms of apparatus,
and that changes may be made therein without
departing from the scope of the invention Whlch
is defined in the appended claims.

What is claimed is: :

1. A continuously variable system comprising
a group of electrical circuits of a first order of
values, at least one additional group of electri-
cal circuits of the next higher order of values,
a continuously adjustable control shaft, a first
control member operable by said control shaft
through a cycle of movement to progressively con-
nect with all of the circuits of said first order
of values, a second control member for connecting
with said circuits of the higher order of values,
means for operating said second control member
in coordinated relation with said first control
member, switch means actuated respectively by
said control members for progressively connect-
ing with said electrical circuits of both said first
and said higher order of values in uniform incre-
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ments not grester thaa those of satd first iorder
of vulues and means establishing a continuously
cibsed circutt through said switch means includ-
ing suid electrical circults of Both said first order
of valwes and of said higher order of values.

2. & continuously variable system comprising
& group of electrical efrcuits of a first order of
valmes, at least one additional group of electrical
circuits of the next higher order of values; & con-
tinwously adjustable control shaft, a first eontrol
mesler operable by said control shaft through
s ¢ycls-of movement to-progressively connect with
all of the circuits of sald first order of values,
& Begond control member for-connecting with said
diremiits. of the higher order of values, means for
operating said second: icontrol member in coordi-
nated relation: with safd first control member pro-
viding for an advance of one step uUpon a com-
plete cycle of movement of said control shaft,
switoh means actuated respectively by said con-
trol: members for progressively ‘connecting with
sl electrical circuits of both sald first ‘and’sald
Righer order of valies'th uniform increments not
greater than those of said first order of values,
and: means estadlishing a continuously closed cir-
cult through sald switch means including said
electrical circuits of both said first order of values
and:of said higher erder of values. R

‘3. A decadd type switehing system operable

frorn a single continuously adjustable control -

shalt eomprising groups of electrical circuits of
8 Arst and at least one higher order of values,
& eontrol member continuously adjustable with
réspect to sald first order of values, means cou-
pled witly sai@ control member and operating in
& reduced: speed ratio therewith for connecting
with said electrical: circuits of said higher order
of’ values; switch means operated respectively by
2a}' control' members for switching said ‘circuits
in: predetermined sequence to selectively traverse
the entire range of values in uniform steps cor-
responding: t0-those of the first order of values,
and means estadlishing a continuously closed cir-
euit through said switch means including satd
eleetrical oircults of both said first order of values
and of said higher order of valies.

4 A continuously vsriable switching system
for: use with groups of impedances of a first and
ot least one higher order of values comprising

switch rmeans progressively adjustable with re- 9

spett: to: the impedances of sald first order of
valtes;, n. second switch means progressively
adijustable with respect to the impedances of
stid hizher onder of values, a third switch-means
alsd: progressively. adjustable with respect:to the
impedsnoes of said -higher order-of values, means
for: operating: said second and. third switch
means in correlated relation with said frst
switch means to provide for a step -of progression
{from: one impedance to the next in sald second
arder upon ocomplete traverse of the impedances
of said first order by sald first switch means,
means for operating said third switch means in
offset relation- by one step. with respect to said
second. switch means, and  auxiliary switch
switch means operable at an intermediate point
in the cyele of said first switch means for alter-
nately establishing circuits through said second
and third switch means to maintain a continu-
ously. closed circult. in which the impedance
changes - uniformly. throughout the entire range
in iacrements of sald first order of: values.

5. A continuously variable switching system
comprising a group of electrical circuits of a
first order of values, at least one additional group
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of electrical ‘circuits of: the mext higher order of
values, a continuously -adjustable control stmft,
a first controi. member -operable by said comtrel
shaft through a cycle of movement te. . pro-
gressively connect with all of the cirouits of sadd:
first order of values, a second ‘control member
for the circuits of said higher order of vaines;
means for advancing said second control memm~
ber by one step in responsie to-completion: of &
cycle of movement of said first. control: member,
and means for-establishing a circuit through said.
succeeding unit and simultaneously excluding
said first group of circuits upen completion of
said cycle-of said first control: member. -

6. A continuously variable switching system:
comprising a group: of electrical circuits of ‘»
first order of values, at least one additional group
of electrical circuits of the next higher order of.
values, a continuously adjustable: control sksdt,
a first control member operable by said: comtra?
shaft through a cycle of movement to. progres-
sively connect with all of the circuits of said fiest
order of values, a second control member foor
the circuits of said higher order of values, memns

5 for advancing said second control member by

one step in response to completion of a cyele of
movement of said first control member, means
to maintain a circuit through a preceding uni
of said second group while said second contrel
member is moving into contact with- the suee
ceeding unit of said group, and means for estab«
lishing a circuit through said succeeding umit
and simultaneously excluding said first group of
circuits upon completion of said cycle of said -firs

conirol member. :

7. A continuously variable. switching systesn
comprising a group of electrical circuits of &
first order of values, at least one additional group
of electrical circuits of the next Higher order of
values, a continuously adjustable control shaft;
a first control member operable by said comtral
shaft’ through a cycle of movement to progres-
sively connect with all of the circuits of said firs
order of values, a second control: member for
the circuits of said higher order of values, mesns
for advancing said second control member by one
step in response to completion of a cycle of move-
ment of said first control:member, means estalys
lishing a main circuit through the next succeed-
ing unit of said second order group in the diree«
tion of travel of said second control member,
means concurrently establishing an auxiliary
circuit through the preceding unit of said secomd
order group, and means for switching from:ome
of sald circuits to the other at a predetermbmed
point in the cycle of said first control member,
means establishing a main circuit through the
next succeeding unit of said second order group
in the direction of travel of said second control
member; means concurrently establishing aa
auxiliary circuit through the preceding unit of
said:-second order group, and means for switch-
ing from one of sald circuits to the other at:'a
predetermined point in the cycle of said first con-
trol member. ‘ : ‘

8. A continuously variable switching system
comprising a group of electrical circuits of a fitst
order. of values, at least one additional group of
electrical circuits of the next higher order of
values, a continuously adjustable control shaftt,
a first control: member operable by: said contrel
shaft through a cycle of movement to ‘progres-
sively connect with all of the circuits of said first
order of values, a:second control-member for tie
circuits-of said higher order of values, means tor



2,448,885

9

advaneing sald second confrol member by one
step in response to completion of a cycle of
movement of said first control member, means
establishing a main circuit through the next suc-
ceeding unit of said second order group in the
direction of travel of said second control mem-
ber, means concurrently establishing an auxiliary
circuit through the preceding unit of said second
order group, and means operable simultaneously
with completion of a cycle of said first control
member for excluding said first order group and
transferring from said auxiliary to said main
circuit.

9. A switching system operable from a single
continuously adjustable control shaft comprising
groups of electrical circuits of a first and at least
one higher order of values, a first control mem-
ber continuously adjustable with respect to said
first order of values over a cycle of movement
successively including the units of said first order
group, a second control member coupled with
said first control member for connecting with
said circuits of said higher order of values and
advancing by one step for a complete cycle of
said first control member, and switch means for
progressively connecting with said circuits in uni-
form steps of said first order of values including
a main contact arm operated relative to said
higher order group by said second control mem-
ber, an auxiliary contact arm also operated by
said second control member and offset from said
main contact arm by one step, means estab-
lishing a main circuit through said main con-
tact arm before said main contact arm leaves a
contact, means establishing an auxiliary circuit
through said auxiliary contact arm and said
same circuit before that circuit has been left
by said main contact arm, and means for trans-
ferring between said auxiliary circuit and said
main circuit.

10. A switching system operable from a single
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continuously adjustable control shaft compris-
ing groups of electrical circuits of a first and at
least one higher order of values, a first control
member continuously adjustable with respect to
said first order of values over a cycle of move-
ment successively including the units of said
first order group, a second control member cou-
pled with said first control member for connec-
tion with said circuits of said higher order of
values and advancing by one step for a complete
cycle of said first control member, and switch
means for progressively connecting with said cir-
cuits in uniform steps of said first order of
values including a main contact arm operated
relative to said higher order group by said sec-
ond control member, an auxiliary contact arm
also operated by said second control member and
offset from said main contact arm by one step,
means establishing a main circuit through said
main contact arm before said main contact arm
leaves a contact, means establishing an auxil-
iary circuit through said auxiliary contact arm
and said same circuit before that circuit has
been left by said main contact arm, means for
transferring between said auxiliary circuit and
said main circuit, and means for excluding the
circuits of said first order group simultaneously
with a transfer from said auxiliary circuit to
sald main cireuit.
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