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This invention relates to electrical apparatus
and, in particular, to circuit controlling apparatus.

This .application is a continuation-in-part of
my copending application, Serial No. 416,171, filed
October 23, 1941,

In electrical systems, switches and electro-
magnetic operating devices therefor have been
utilized for controlling and .establishing .given
circuits. The -electromagnetic devices usually
consist of a core member, a winding disposed to
be energized magnetically associated therewith,
and an armature disposed for movement for actu-
ating the switch to effect a switching operation
when the winding is energized.

‘Where weight is ‘a consideration in the type of
circuit-controlling - device utilized, an electro-
magnetic apparatus of the type having a variable
magnetic gap between the armature and the core
member.is employed as the actuating mechanism
in contrast-with the type of electromagnetic appa-
ratus :having an overlapping .gap. The variable
magnetic.type of electromagnet is usually smaller
-and less -complicated than the overlapping gap
type of electromagnetic devices.

Where the variable gap type of electromagnetic
«devices:are:employed with a plurality of switches
for effecting :progressive .switching operations, it
ds:found:that the opposing forces of the switches
and the operating device :are unbalanced during
operation, -and that :stability of .operation is not
obtained. Further, :the :electromagnetic device
will.not:have:the voltage sensitivity over its work-
ing ;range required for .sensitive operations such
as in voltage regulators for aircraft applications.

JAn -object .of -this invention is to provide in a
circuit-controlling apparatus having a plurality
.af ;spring biased progressively operated switches
for .compensating for:the change in forces of the
spring biased switches as the switching operations
are effected to give a substantially uniform sta-
‘hility .of operation of the switches.

A ‘more ‘specific object of this invention is to
provide in an electromagnetic device disposed for
actuating ‘a .plurality of spring biased progres-~
sively: operated switches for compensating for the
change in balance of the forces of the electro-
magnetic device and the switches resulting from
the-operation-of the switches.

Other ‘objects of this invention will become
apparent from the following description when
taken .in .conjunction with the accompanying
drawing, in which:

.Flgure .1.is.a view in elevation of the circuit-
controlling .apparatus of this invention;

Fig, 2 is a view of a part of the electromagnetic

[

10

20

25

30

40

45

50

65

device of Fig. .1 taken .along .the .line II—II
thereof;

Fig. 3 is a plan view, greatly enlarged, of an-
other part of the electromagnetic device of Fig, 1
taken along the.line ITT-—IIT thereof; and

Fig. 4 is a-graph, the curves of whic¢h.represent
the opposing forces .which are balanced in .the
circuit-controlling -apparatus.of this.invention.

Referring to Fig. 1, this invention is .illustrated
as applied -to-a circuit-controlling. device 10-.com-
prising the switching apparatus.i12 and an electro-
magnetic device 14 disposed-to control.the opera-
tion of -the switching apparatus 2.

The switching apparatus 12 illustrated .com-
prises a plurality of-elongated:self-biased. spring
leaf. members 16 -having -one of their ends.insu-
lated from each other by means:of layers |T.of
suitable insulating material, such .as fishpaper,
and fixedly supported with respect to-each-other
in an insulating clamping member -i8, the.details
of which are not shown. The other.ends of the
spring leaf members 16 are free to mave away
from an adjustable -stop 20, the stop -being .pro-
vided with a beveled -or sloped .surface,22 for
receiving :and spacing -the -ends of the -biased
members 16 for limiting their -movement in the
self-biasing -direction.

Each of the spring leaf ‘members 16 is.of .good
conducting material, such as beryllium .copper
alloy, and carries a contact button -24 near its
free end. The contact butions 24 :are so .posi-
tioned that as the spring leaf -members 16 -are
actuated away from the sloped surface 22:of the
stop 20, the contact buttons are -progressively
actuated into engagement. In.practice, thepro-
jecting -ends of the fixed spring leaf members 16
are connected to different -seetions of .a .resistor
(not shown) by suitable .conductors, so .that :as
she spring members:16 are:actuated to the circuit
closing position, the sections of .the resistor-are
progressively shunted by the progressively closed
contact buttons 24 .carried .by the .spring leaf
member {.6.

For a -more.complete description.of the details
and construction of -the switching -apparatus (2,
reference may be had to Patent No. 2,246,301
which issued June 17, 1941, to C. R. Hanna et al.
and -which -is .assigned to the assignee of this
invention.

The electromagnetic .device 4 may be .of .any
form, and as illustrated comprises a core mémber
26 having an .energizing winding 28 mounted
thereon, the winding 28 being disposed to:be en-
ergized in a predetermined manner from a suit-
able source of power (not shown),
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A bracket 30 of non-magnetizable material is
carried by the electromagnetic device {4, and is
secured thereto as by means of the screw 32.- As
illustrated, the bracket 30 is provided with spaced
depending legs 34 disposed or positioned for
mounting an armature member 35 thereon.

The armature member 38 is of elongated form
being formed of the long thin members 27 and
46 and carries a confact button:28 of non-mag-
netizable material at the upper end of the mem-
‘ber 31, and is disposed -to be pivotally secured to

the depending legs 34 of the bracket 32 by means -

of the spring pivot member 40. The positioning
of the armature member 36 and the function of
the button 38 in the structure of  this invention
will be explained more fully hereinafter. As
more clearly illustrated in Fig, 2, the spring pivet
member 40 is of substantially U-shape, the base of
the pivot member 40 being secured to-the darma-
ture member 386, as by means of the rivets or
screws 42, or where desired, as by means of cop-
per:brazing. - The legs of the spring pivot mem-
ber 40 are spaced in the same manner as the di-
vided legs 34 of the bracket 29, and are secured
tothe legs 34 by means of the screws 44.

 Referring again to Fig. 1, the member 46°cf the
armature member. 36 COnstitutes a driving meni-
ber ‘disposed to actuate the spring leaf members

16" to effect progressive switching operations as’

the armatuire member 38 is'moved. The tip 48 of
‘the driving member 46 is of insulating material
for insulating the armature member 35 from the
conducting spring leaf members [6.

In order to balance the magnetic pull ‘on the
armature member 3% when the winding 28 is en-
ergized, a coil spring member 50 is-provided. One
end of the coil spring 508 is secured to the lower
end of the armature member 38, as illustrated in
Fig. 2, the end of the spring 50 being hocked
through suitable openings 52 in the armature 36.
The other end of the spring 50 is secured to an ad-
justable serew 54 which is carried on one end of
the bracket 56, the other end of the bracket 58
being secured to the bracket member 30 in any
suitable ‘manner. - By adjusting : the position- of
‘the screw 54, the tension of the coil spring &9
may be so adjusted that the force of the spring
“will balance the magnetic pull of the electromag-
netic device 14 throughout the operating range of
“the armature 36.

As the spring leaf members (6 are progressively
actuated to their circuit closing position, the sbiff-
ness of the spring leaf members 16 increases, de-
pending upon the number of spring leaf members
‘16 that form the switching assembly. This stiff-
ness or resistance of the spring leaf members 15
to the actuating force for effecting a circuit clos-
ing operation is a variable, varying over the oper-
ating range of the armature member 36. In or-
- der to-offset the variable stiffness factor of the
spring leaf assembly, a magnetic trimmer 58 is
provided for cooperating with the electromagnetic
device 14 for compensating for the change in bal-
ance of the forces of the circuit-controlling ap-
paratus due to the change in the stiffness factor
of the switching members as switching operations
are effected.

As more clearly shown in Pig, 3, the magnetic
trimmer 58 comprises a substantially "U-shaped
member 60 of magnetizable material having one
of its legs 62 secured to the core member 25 of the
electromagnetic device 14 as by means of a close
“press fit. The other leg 64 of the U-shaped mem-
ber 80 terminates opposite the core member 26 on
the opposite side of the armature 36. Thus, as
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the armature member 36 moves within the gap be-
tween the legs of the U-shaped member 69, a
variable gap is provided on both sidés of the ar-
mature member 36.

In order to adjust the var1able gap between the
legs 64 and the armature member 38, a screw 6%
of magnetizable material is adjustably carried by
the leg 64; a nut 68 being provided for securing
the screw 66 in any given position. ‘The screw 68§
terminates in.an end cap 70 of non-magnetizable
material, such as brass or the like which is brazed
to the screw 66.  The size of the screw 86-and the -
air gap between the screw and the armature
member determines the magnetic pull applied to
the armature member by the magnetic trimmer
in opposition to the main magnetic:.pull of: the
electromagnetic device: - In this embodiment, the
screw 66 has a small surface area as compared to
the surface area of the main core member 26 and
the gap between the screw 66 and the armature
member 36 is maintained relatively small as com-
pared with the gap between the armature mem-
ber-36 and-the main core member 26. -

As illustrated in Fig. 1, and‘'more clearlyshown
in Fig. 3, the contact button 38 - carried 'by- the
armature member 36 is of a size sufficient to in-
sure that the armature member 36 is maintained.
in & position where the air gap between the ad-
justing screw 66 and the armature member 36 is
smaller than the air gap between the armature
member 3§ and the main: core member 26 ‘when
the button 38 is seated against the core member
and for all operative movement of the armature
member 36 over the working range of from “open”
to “closed” positions of the leaf spring members
8. By positioning the armature member in-this
manner, a small air gap between the armature
member 86 and the adjusting screw 66 provides
for applying a magnetic force-to the armature
member 36 which increases in & non-linear rela-
tion as the armature member approaches -the
screw- 66, such' increasing.force being :substan-
tially equal but opposite to.the bias or stiffness of
the leaf springs 16 as they are actuated to a: cir-

- cuit closing position.

The operation of the c1rcu1t-controll1ng ap-
paratus of this invention can be best explained
by reference to the curves of Fig. 4. In this
graph, the horizontal line 72 represents the ar~

~mature travel from g position where the contacts

are closed to the position where the contacts are
open, as represented by the vertical lines 14 and
16, respectively. Forgetting for the moment:the
presence of the magnetic trimmer 58, the mag-
netic pull of the electromagnetic device {4 on
the armature member 36 as the armature travels
from the circuit closed position to the circuit open
position is represented by the curve -718. “In the
graph, this curve 18 is represented as a negative

-force as opposed to the forces which will be illus-

trated above the horizontal line 72.

Opposing thé magnetic pull 18 is the force of
the spring pivot 40 and the force of the adjust-
able spring 50, as represented by the curve:80.

‘As is- evident, these opposing forces represented

by the curves 18 and 80-substantially balance
each other throughtout the operating range.or -
path of movement of ‘the armature 36. “The

matching of the substantially linear forces repre-
sented by the opposed curves 78 and 80 ig made
possible by maintaining a large gap between the
armature member 36 and the core member- 26,
so that the movement of the armature member
36 is in response to.a change of only the linear
portion of the normal magnetic force curve for
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‘movement ‘of the armature member 36 through
the total air gap between the screw 68 and the
.care ;member 26 if such movement ‘were per-

‘mitted. However, the button 38 limits the move-

‘ment as described. -

‘However, when a plurality.of spring biased :pro-
gressively operated:switch members,:such as:rep-
resented by the spring leaf members {6, nre tobe
actuated through progressive switching :opera-
tions, the stiffness factor :of ‘the spring members
48 introduces.a force which unbalances the here-
tofore balanced forces.of the electromagnetic.de~
vice 14 ;and ‘the oppesing “pivot .member 40 and
:spring ‘nember $0. ‘This stiffness factor of the

spring leaf -members 46 .is Tepresented in ‘the

graph by the curve:82,.and as illustrated -opposes

the forces represented by the:curve 80. 'Thus, in

.effect, the forces ‘of ‘the pivot member 40 :and
the adjustable spring member 0 are :opposed
throughout the operating range of the armature
‘36 from the circuit closed pesition to ‘the circuit
opening -position -by ‘the sum of the forces repre-
sented by the ccurves 18 and 82, The non-linear
force of the leaf spring 16 as represented by ‘the

.ourve -82 is, however, a small ‘portion of the total &:

force opposing the force of the pivet and main
spring represented by the curve 80, In prac-

‘tice, it ‘is impossible to so adjust the tension of

+the spring 50 to balance these opposing forces

.even ‘though the force -of the leaf springs 16°is ¢
_stnall te give a substantial linear stability or rela-

tion 'between ‘the voltage and deflection of the
armature member 36 over the entire range of
travel 'of the armature.

. By adding the magnetic trimmer 68, which
constitutes ‘an -extension of ‘the core member 2§,
it is found that the magnetic pull of the leg 64
of the U-shaped member 60 and the magnetizable
screw ‘66 carried ‘thereby on the armature mem-~
‘ber ‘36 is a variable, depending upon the position
of the armature with respect to the screw mem-
ber ‘66 and the size of the screw, the magnetic

‘pull of the trimmer increasing as the armature

36 approaches the screw member 66 and as the
magnetic pull of the core member 26 on the ar-
mature 36 decreases. ‘The magnetic pull of the
trimmer through the screw 66 on the armature

‘member 36 in opposition to the main force repre-

serits o small percentage of the main force ap-

plied to the armature member by the main ‘core ;

member 26. The magnetic pull of the trimmer
on the armature member 36 may be varied by ad-
justing ‘the position of the screw member 66 to
vary the size of the air gap between the screw
66 and the armature 36.

As described hereinbefore the leaf springs 16
have & non-linear stiffness factor or force as rep-
resented by the curve 82 of Fig. 4. The travel
of the armature member 38 is limited to that
small amount required for actuating the leaf
spring 16 from “open” to “closed” positions, and
it is necessary, therefore, to provide a positive
force for only that travel which will be in opposi-
fion to the non-linear force of the leaf springs

18. ‘This is accomplished by the use of the trim- |

mer described hereinbefore, the screw 66 and 2
small air gap provided thereby giving a small
non-linear force which is in opposition to the
stiffness factor of the leaf springs 16.

Thus, by suitably adjusting the screw mem-
ber 66, a magnetic pull curve 84, as represented
in Fig. 4, may be obtained which is in opposition
to but which will substantially match the non-
linear -curve 82 representing the stiffness factor
of the progressively operated switching members
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16. The magnetic trimmer thus compensates for

-any-change in the balance between the pulls ex-
.erted on the armature resulting from a progres-
sive .operation .of ‘the :spring biased switch mem-
bers 16, and results in the obtaining of :a stable
.operating curve, -as represented by .86, which is
substantially linear with respect to the movement
.of the grmature throughout:the operating range
-of the .armature.

The net force represented by -curve :86 is al-
ways 'in one direction to tend to-effect an.oper-
ation ‘of the ‘leaf springs 16 toward an open
position in :-opposition to the force of the -pivot
and main spring which tend to operate :the leaf
spring 4§ to a circuit closing position. In-other
words, by positioning:the armature member:36,:as
described ‘hereéinbefore, so that the gap between
the :screw 66 and ‘the armature member 86 -is
smaller than the gap between the armature:mem-
‘ber 36 and :the core ‘member 26, ‘that is, with
the armature member -36 maintained to-one side
of the center line ‘of ‘the -air gap between the
screw 66 :and the -core member 26, the trimmer
applies a definite ‘positive force in one direction
to the armature member 36 at all times while the
energizing winding 28 is energized. This posi-
tioning of the armature member 36 in the gap
insures a gradual movement of the armature
member 36 to actuate the leaf spring members
I6 in response to a slight decrease ‘in the ener-
gization of the-energizing winding 28.

Through the use of ‘the magnetic trimmer, it
is pessible to operate a larger number of the
progressively operated spring biased switching
members 16, as the magnetic pull of the trimmer
can be matched against the stiffness factor of
the biased switching members regardless of the
number of switching members employed. . Fur-
ther, since all the forces.of the circuit-controlling
apparatus are in substantial balance regardless
of the number of switching operations effected,
an increased voltage sensitivity response of the
circuit-controlling apparatus is obtained, it being
found that substantially the same voltage change
is required for each switching operation through-
out the progressive operation of the switching
members. Further, where, in service, it is found
necessary to make:changes in the switching mem-
‘bers, the circuit-controlling apparatus.of this in-
vention can ‘be readily adjusted by adjusting the
position of the screw 66 with respect tothe arma-
ture member to give a substantially perfectly
balanced circuit-controlling apparatus.

Although this invention has been described
with reference to a particular embodiment there-
of, it is, of course, not to be limited thereto
except insofar as is necessitated by the scope

, of the appended claims.
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T claim asmy invention:

1. In a circuit-controlling apparatus, in com-
bination, & plurality of spring biased switches,
a spring biased armature member for actuating
progressively the spring biased switches to closed
positions, electromagnetic means comprising a
core member and a winding thereon disposed
to be energized to exert a magnetic pull on the
armature member to actuate it to progressively
release the spring biased switches, -means com-
prising an extension of the core member of the
electromagnetic means disposed to exert a mag-
netic pull on the armature member in opposition
to an inversely varying with the magnetic pull
of the core of the electromagnetic means, the
extension and core member being dispoesed -on
opposite sides of the armature member t0 pro-
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vide :a predetermined gap ‘therebetween;, means
disposed to limit'the movement of the armature
member towards the core member when the elec-
tromagnetic: means 'is ~energized, said - limiting
means cooperating with the extension‘to provide
an air gap between the extension and the arma-
ture member that is smaller: at all.times -than
the air gap between the core member and the
armature member to insure the exertion of a con-
tinuous non-linear magnetic pull by the exten-
sion,in -one direction ‘on the -armature member
when the  electromagnetic means is energized,
the-non-linear magnetic pull of the extension
compensating for the change in:balance between
the forces of the biased switches, armature bias-
ing spring and the agnetic pull of the electro-
magnetic means exerted on the armature mem-
ber resulting from the progressive release of the
spring biased switches.:

2. In g circuit~ controlhng apparatus, in -com-
bination, a-plurality of spring- biased switches,
a-spring -biased armature member for actuating
progressively the-spring-biased switches to closed
positions, ‘electromagnetic. means comprising a
corg member and a winding thereon: disposed to
be energized to exert .a magnetic: pull on the
armature member to actuate it to progressively
_ release the spring-biased. switches, means com-
prising & substantially- . U-shaped member. - of
magnetizable material having one of its legs dis-
posed on one side of the armature member se-
cured to .the core member and the other leg ter-
minating -opposite the core member on the op-
posite ‘side. of. the armature member, means dis-

posed to limit "the movement of ‘the armature

member. away: from said-other leg towards the
core mermber and said.one leg when-the electro-
magnetic means is-energized, said other leg of
"the U-shaped member exerting a magnetic pull
on. the armature member -in opposition to ‘the
magnetic pull-of the core and said one leg, said
limiting -means cooperating: with said other ‘leg
to provide an air gap between said -other leg and
the armature member that is-smaller at all times
than the air gap between the core member and
the armature member to insure the exertion of
a continuous non-linear magnetic pull by said
other leg in one direction on the armature mem-
ber when the electromagnetic means is energized,
the non-linear magnetic pull of the extension
compensating for the change in-balance between
the forces of the biased switches, armature bias-
ing spring and the magnetic pull of the electro-
magnetic means- exerted on ‘the armature mem-
ber resulting from the progressive release of the
spring biased switches.

3. In a circuit-controlling apparatus, in com-
bination, a plurality of spring biased switches, a
spring biased -armature. member for actuating
progressively the spring biased switches to closed
positions, electromagnetic means comprising -a
core member and a winding thereon disposed to
be energized to exert a magnetic pull on the arma-
ture member to actuate it to progressively re-
lease the spring biased switches, means com-
prising an extension. of the corée member of the
electromagnetic means disposed to exert a mag-
netic pull on the armature member in opposition
to an inversely varying with the magnetic pull
of the core of .the electromagnetic means, the
extension and core member being disposed on
opposite sides of the armature member to pro-
vide a predetermined gap therebetween, means
disposed {o limit the movement. of the armature
member towards the core member when the elec-
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tromagnetic 'means is “energized, said-limiting
means cooperating with:the extension to provide
-an air.gap between the extension and.the arms-

fure ‘member. that is smaller’ at all' times than
the air gap between the core’ member and:the
armature : member. .to. insure the ‘exertion of a
continuous non-linear :magnetic pull' by the ex-

tension in one-direction on the armature member -

when: the electromagnetic means is energized, the
non-linear magnetic:pull:of the extension com-
pensating for the: change in balance between the
forces of the hiased switches, -armature biasing
spring: and- the: magnetic pull of  the. electromag-

netic- means exerted:on ‘the armature member =

resulting - from. the -progressive release of the
spring biased- switches, and means: for manually
adjusting the -extension ‘to' adjust the gap and
effect an adjustment in the magnetic pull of the
extension onthe armature member: :

4. In.a circuit- ~controlling -apparatus, in' com-
bination, & plurality of spring biased switches, &
spring biased armature .member. for -actuating
progressively the spring biased switches to closed
positions, electromagnetic - means ‘comprising - g
core member and a winding thereon disposed to
be. energized: to exert .a. magnetic -pull- on'. the
armature member to. actuate it to progressively
release the spring blased sw1tches means com-
prising a substantially U= ~-shaped member of mag-
netizable material having one of its legs disposed
on-one side of the arrnature member :secured, to
the core member and the other leg terminating
opposite the core member on the opposite side
of the armature member, means disposed to lumt
the movement of -the armature member away
from said:other leg towards the. core member
and. said one lég- when the electromagnetic
means is energized, said other leg of the U- shaped

‘member exerting a magnetic pull on the armature

member in opposition to the magnetic pull of
the core ‘and said one leg, said limiting means

. cooperating with said other leg to provide an air

gap ‘between said other leg and the armatiire
member that is smaller at.all times than the
air gap between the core member and the arma-
ture member to insure the exertion of a continu-
ous non-linear magnetic pull by said other leg
in one direction on the armature member when
the electromagnetic means is energized, the non-
linear magnetic pull of the extension compensat-

ing for-the.change in balance between the forces. .
of the biased switches, armature biasing spring -

and “the- magnetic pull of the electromaghietic
means exerted on the armatire member resulting

from the progressive release of the spring biaséd : ‘

switches, and means carried by said other leg
for manually adjusting the magnetic pull by said
other leg on the armature member.

5. In g cifcuit-controlling apparatus, in com-
bination, a plurahvy of spring biased switches, a
spring biased armature mémber for actuating

progressively the spring biased switchies to closed -

positions, the spring biased switches exerting a
non-linear force in opposition to the armature
member as they are moved to closed- positions,
electroma;gnetlc means comprising g core member
and a winding thereon disposed to exert a mag-
netic pull on the armature member to actuate it
to progressively release the spring biased switches,
means comprising a substantially - U-shaped
member of magnetizable material having one of
its legs disposed on oneside of the armature
member secured to the core member and. the
other leg terminating opposite the core member

on the opposite side of the armature n_lember,.
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means carried by the armature member dis-
posed to limit the movement thereof away from
said other leg toward the core member and said
one leg when the electromagnetic means is en-
ergized, said limiting means cooperating with said
other leg to provide an air gap between said other
leg and the armature member that is smaller at
all times than the air gap between the core
member and the armature member to insure the
exertion of a continuous non-linear magnetic pull
by said other leg in one direction on the armature
member when the electromagnetic means is en-
ergized, the non-linear magnetic pull of said
other leg being substantially equal but opposite
in force to the non-linear force exerted by the
spring biased switches.

6. In a circuit-contrelling apparatus, in com-
bination, a plurality of spring biased switches,
a spring biased armature member for actuating
progressively the spring biased switches to closed
positions, the spring biased switches exerting a
non-linear force in opposition to the armature
member as they are moved to closed positions,
electromagnetic means comprising a core mem-
ber and a winding thereon disposed to exert a
magnetic pull on the armature member to ac-
tuate it to progressively release the spring biased
switches, means comprising a substantially U-
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shaped member of magnetizable material having
one of its legs disposed on one side of the arma-
ture member secured to the core member and
the other leg terminating opposite the core
member on the opposite side of the armature
member, means carried by the armature member
disposed to limit the movement thereof away
from said other leg toward the core member
and said one leg when the electromagnetic means
is energized, said limiting means cooperating with
said other leg to provide an air gap between said
other leg and the armature member that is
smaller at all times than the air gap between
the core member and the armature member to
insure the exertion of a continuous non-linear
magnetic pull by said other leg in one direction
on the armature member when the electromag-
netic means is energized, the non-linear mag-
netic pull of said other leg being substantially
equal but opposite in force to the non-linear
force exerted by the spring biased switches, and
means carried by said other leg for manually
adjusting the magnetic pull thereof to insure
maintaining the force of the magnetic pull equal
but opposite to the non-linear force of the spring
biased switches as they are actuated from closed
to released positions.
KIRK A. OPLINGER.




