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5 Claims.

This invention relates to electrical apparatus
and, in particular, to regulators of the pile type.

An object of this invention is to provide a
light-weight regulator of the pile type which is
stable in operation.

Another object of this invention is to provide
for suppressing arcing between the disks of a pile
regulator while at the same time providing for
an efficient damping of vibrations in the regulator.

A more specific object of this invention is to
provide for stabilizing the operation of the mov-
able parts of a pile regulator to dampen vibra-
tions and prevent excessive changes other than
controlled changes in the pressure applied to the
pile. :

Other objects of this invention will become ap-
parent from the following description when taken
in conjunction with the accompanying drawing,
the single figure of which is a view in elevation
and partly in section of a regulator embodying
the teachings of this invention,

Referring to the drawing, this invention is

illustrated by reference to the regulator 10 shown
therein. The regulator 10 is of the pile type
having a stack 12 of aligned disks 14 of high
resistance material such as carbon or the like
mounted in a sectionalized housing or casing (6
and disposed to be operated by an electro-magnet
18. The casing 16 is formed of a plurality of
sections, an end or base section 20 being con-
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32 of conducting material carries a projection 46
for receiving a screw 48 which is utilized for con-
necting one end of a conductor 50 to. the ring,
the other end of the conductor being secured to a
conducting bolt 52 which extends through the
side wall of the end cap 22, insulating washers
54, and an insulating bushing 56 being provided
for insulating the bolt 52 from the end cap 22.
As -illustrated, a pressure plate 58 is disposed
between the other flanged end of the conducting.
sleeve 30 and the end of the stack (2 of disks
t4 for distributing pressure over the face of the
end disk.

The other end of the rod 26 projects from
the other end of the stack 12, a pressure plate
60 being disposed about the shaft 26 adjacent
the end of the stack 12 and a sleeve 62 being
positioned about the rod 26 and having a flanged
end for seating against the pressure plate 60.
The sleeve 62 is similar to the sleeve 30, being
provided with a shoulder 64 and a flared outer.
end 66 for holding a ring 68 of conducting ma-
terial. The ring 68 is similar to the ring- 32
at the opposite end of the stack having a pro-
jection 10 for receiving a screw 12 for securing
one end of a conductor 14 thereto. The other
end of the conductor 14 is secured to the bolt.
16 which projects through but is insulated from
the section 20 of the casing in a manner similar

80 to the bolt 52,

nected to an end cap 22 by an intermediate .

constricted section 24.

The stack 12 of disks {4 of high resistance
material is assembled in operative relation on
a shaft or rod 26 of insulating material such
as a ceramic rod, the rod 26 extending through
openings 28 positioned centrally in each of the
disks for maintaining the disks in aligned rela-
tion. One end of the rod 26 is supported in a
sleeve 30 of conducting material, the sleeve 30
being secured to a ring 32 of conducting mate-
rial as by means of the flared end 34 and the
shoulder 36 carried at one end of the sleeve for
forming a recess into which the ring 32 is fitted.
The ring 32 is, in turn, secured to the inner
face of the end cap 22 by means of a plurality
of screws 38 disposed in spaced relation about
the sleeve 30, the screws 38 being insulated from
the ring 32 of conducting material by means of
the insulating bushings 40 and washers 42. The
ring 32 is also insulated from the end cap 22
by means of a sheet 44 of insulating material
such as fishpaper or the like, . .

In order to provide an electrical connection
external of the housing or casing I8, the ring
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As illustrated, the section 20 of the housing or
casing 16 has an inwardly projecting partition
18 disposed about its periphery approximately
midway of the length of the section. On one side
of the partition 78, a ring 80 of stainless steel or
the like having a sloping or beveled surface 82 is
disposed to seat against the outer walls of the
section 20 and the partition 78. The ring 80 is
of such a size that an armature member 84
may be fitted within the inner diameter of the
ring.

The armature member 84 utilized in the regu-
lator 10 is substantially a disk and is carried by
the ring 68 which is secured.to the sleeve 62.
The armature member 84 is preferably faced on
one side thereof by a sheet or layer of insulating.
material 86 which functions to electrically sep-
arate the armature member 84 and a spring
member 88. The spring member 88 is a leaf
spring and may be of star-shape or a circular
disk, the ends or outer periphery of which are
bent to seat against the sloped surface 82 of the
ring 80, the purpose of which will be described
more fully hereinafter. Adjacent the leaf spring

. 88 88 is a circular diaphragm 89 which has substan--
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tial side faces and an outer free edge which
terminates closely adjacent the side walls of the
section 20 of the casing. The outer free edge
of the diaphragm &3 is spaced a distance from
the bent end or edge of the spring member 88,
the purpose of which will be explained more fully
hereinafter, :

In order to hold the diaphragra 89 and the
spring 88 in the position described, a reinforcing
sheet 90 of metal or the like is placed adjacent
the surface of the diaphragm 89 cpposite the
surface in cointact with the spring 28, and a
layer §2 of insulating material is then placed
against the supporting sheet 82. This assembly
of the insulating sheet 2, reinforcing plate S8,
diaphragm 2§, spring member §¢, insulation 88,
and the armature member 84 ave held together
as an integral unit by means of the screw 9%
and are mounted as an integral unii ca the ring
68 by means of the screw 96, the screw 95 being
insulated from the ring 63.

As illustrated, a winding 88 having leads §7
and 89 is positioned on the other side of the par-
fition 78 of the section 20 and disposed o be
encased in the housing {6. However, before the
winding 98 is positioned in the casing 8§, a iing
100 of brass or similar non-magnetic maserial is
secured about the inner circumfercnce of the
partition 18 as by brazing, as shewn at 132, and
a metallic sleeve 1084 the inner surfzce of which
is threaded is secured to the inner circumfer-
ence of the brass ring (00 as by hrazing ai 35,
as illustrated. In positioning the 1ding 68 in
the housing, the winding preferakly mounted on
a spool 108 of insulating material is slinwed over
the end of the sleeve 104 to a position where the
side wall of the insulating spool {98 seats against
the partition 78 and the brass ring 160. With the
winding 88 in the position shown having the
leads 97 and 88 projecting through the casing,
an end cap or plate 110 may he secured to the
ends of the section 20 of the housing by the boltz
112 which are disposed in spaced relation ahout
the periphery of the end plate 1i3. The end
plate 18 seating against the winding 98 main-
tains the winding in position about the sleeve 32
and prevenis movement of the winding.

With the winding §8 assembied as described,
a core member {4 having an externally threaded

surface is threaded into the threaded sleeve {24 ;

t0 a position where the end of the core member
114 is spaced a predetermined distance from the
armature member 84. By adjusting the position
of the core member |44, a predetermined posi-
tion of the core member may be obtained where
& required balance between the magnetic puil
and the force of the spring member 88 is ob-
tained over an operating range of the regulator.
This position of the core member |14 will neces-
sarily depend upon the strength of the spring
member 88 which is positioned to aprly pressure
to the stack 12, it being noted that as the arma-
ture member is moved under the influence of
the magnetic pull that the effcchive arm length
of the spring member £8 changes since more
and more of the spring 88 engages the sloped sur-
face 82 of the ring 89. When the core member 1t4
is thus adjusted to obtain the reguired gap be-
tween the armature member and the core mem-
ber, the external end of the sleeve 194 and the
core [i4 is brazed as at {16 for sealing the
threaded joint between the two members. The
threaded joints between the end cap 22 and the
constricted section 24 is likewise brazed as at 118,
and the threaded joint between the constricted
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section and the end section 20 of the casing is
also brazed as at 120 to provide a sealed casing
about the movable elements of the regulator 10.

As will be noted, the constricted section 24 of
the casing is of a size determined by the size
of the stack {2 utilized in the regulator. Prefer-
ably the constricted length of the section 24 has
a diameter only slightly greater than that of
the stack of disks, spacing being provided, how-
ever, for the positioning of a sleeve 122 of in-
sulating material such as porcelain, the sleeve
122 being spaced slightly frem the stoek 12, As
illustrated. tha sleeve 122 of porc:lain is main-
tained in position by brazing ring members 124
and 126 to the constricted section 24 at opposite
ends of the sleeve {22,

In order to effectively aid in dissipating any
heat that may be generated in thes stack 12 of
disks 14, a plurality of radiating fins 128 are dis-
posed about the constricted section 24 of the cas-
ing, the fins 128 preferably being formed of
aluminum cr the like and being formed on a
sleeve 130 which fits about the constricted area.
The sleeve and fin assembly may Le formed in
two half sections which when placed about the
constricted section 24 may be bolted together to
form a continuous radiating assembly about the
constricted section 24.

As illustrated, the end cap 22 is also provided
with a vent 132 which may be sealed. After the
regulator is assembled, the housing or casing 16
is preferably evacuated, suitable vacuum equip-
ment being attached to the vent 132 for accom-
plishing this purpose, and when evacuated, a
thermally conducting electrically insulating fluid
medium (34 is admitted to the housing. The
fluid medium 134 may be either gaseous or liquid,
the main requirement being that the medium
utilized be inert to the material, such as carbon
which is utilized in forming the disks 14 of the
stack and that it has no chemical efiect on the
composition of the other movable elements with-
in the casing.

The gases helium and hydrogen are especially
suited for use in the casing 16 as they are inert
with respect to the disks making it possible to
operate the regulator at elevated temperatures
without destroying the disks I14. Purther hydro-
gen and helium transmit heat at a rate about six
times faster than can be obtained if the thermally
conducting fluid medium is not present within
the casing. As the gases are inert with respect
to the disks of resistance material, a longer life
of the disks can be obtained, as the gas prevents
frosting or freezing of the disks due to sweating
and also prevents deterioration of the disks by
excluding oxygen therefrom.

Where a liquid medium is used instead of the
inert gaseous medium, it is preferred to employ
a permanently liquid dialkyl silicone. Of the
known silicones, that silicone liquid which is es-
sentially dimethyl silicone which has been poly-
merized and is free of mono-methyl silicone
groups is preferred. The essentially dimethyl

5 silicones are produced by fractionating a mixture

of methyl silicon ethoxides to separate the di-
methyl silicon diethoxide as a substantially pure
component which is hydrolyzed to the dimethyl
silicol and then dehydrated with an agent such
as sulphuric acid to dimethyl silicones of prede-
termined molecular size. By fractionating the
oily dimethyl silicones, a stable liquid of prede-
termined viscosity may be obtained. This process
and product is described in greater detail in the
copending application of J. G. Ford and R. N.
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Wenzel, Serial No. 439,066, filed Apri]l 15, 1942,
and assigned to the assignee of this invention.
The dimethyl silicone insulating medium is es-
pecially suited for use in the regulator of this in-
vention, as it is especially stable over wide ranges
of temperature, very little change in viscosity
being encountered over ranges of from —70° F.
up to as high as 500° F',

After the fluid medium 134 is admitted to the
housing 16, a cap 136 is placed upon the vent 132
and is brazed or soldered as at 138 for effectively
sealing the vent. Thus, all the moving elements
of the regulator are enveloped in a fluid insulating
medium, and the casing is sealed to prevent loss
or contamination of the fluid insulating medium,

In operation, it is found that the regulator de-
scribed hereinbefore is very stable, the diaphragm
and the insulating medium cooperating to damp
vibrations of the movable elements. That the dia-
phragm 89 and the thermally conducting insulat-
ing medium cooperate to damp vibrations will be
appreciated when it is considered that the dia-
phragm extends outwardly across the section 28
of the casing with the free edge terminating
closely adjacent the side walls of the casing and
spaced from the leaf spring member 88. Thus.
the fluid medium (34 envelops the diaphragm 89
to provide a cushion against each of the side
faces of the diaphragm to resist movement of the
diaphragm either towards or away from the stack
{2, The resistance to movement is sufficient to
prevent excessive movement of the diaphragm
and spring assembly and to consequently prevent
changes in the pressure applied to the stack ex-
cept for such changes occasioned by a controlled
change in the energization of the electromagnet.

The insulating medium penetrates into every
joint within the sealed casing, and where the
medium is a liquid, an efficient lubrication of all
the moving elements is obtaired, the reduction in
friction thus obtained increasing the efficiency of
the regulator. With the insulating medium fill-
ing the casing 16 as described, it is found that a
very efficient dissipation of heat generated in the

stack 12 of disks (4 is obtained since the in-

sulating medium surrounding the disks provides
a continuous thermally conducting path from the
disks to the radiating fins 128 carried about the
constricted section 24. Purther, it is found that
although the disks are enveloped by the insulat-
ing medium, the insulating medium in no way in-
terferes with the operation of the stack 12, but
instead prolongs the life of the stack in that the
insulating medium efficiently suppresses arcing
between the carbon disks, thereby preventing the
deterioration of the disks of resistance material
and greatly prolonging the life of the regulator.
The cushion of insulating material between the
stack 12 and the sleeve 122 of porcelain or the
like also functions to cushion any sideways move-
ment of the disks 14 and thereby tends to prevent
damage to the disks when the regulator is vio-
lently jarred, as it sometimes is in such applica-
tions as on aircraft. By providing for efficiently
dissipating the heat from the stack as described,
the capacity of the regulator is greatly increased
over that of a regulator which does not utilize an
insulating medium in the manner described here-
inbefore without increasing the size of the regu-
lator. ’

The regulator of this invention will find wide

- and varied applications and may be used either -

as a current or voltage regulator and is particu-
larly adapted for use such as the voltage regu-
1ator in aircraft. It is lishtweight, sturdy in con-
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struction, and efficient and stable in operation
while having capacities higher than known regu-
lators of comparable size,

While this invention has been described with
reference to a particular embodiment thereof, it
is, of course, not to be limited thereto except in-
sofar as is necessitated by the scope of the ap-
pended claims.

I claim as my invention:

1. An electric regulator comprising, in com-
bination, a stack of disks of resistance material,
a spring member disposed at one end of the stack
to apply pressure thereto, an electromagnet hav-
ing an armature member disposed for movement
to control the pressure applied in response to
the energization of the electromagnet, a casing
for the stack and associated spring and arma-
ture members for housing them, the casing hav-
ing sealed joints to render the casing leakproof,
an insulating liquid medium disposed within the
sealed casing to envelop the stack and associated
spring and armature members, and a diaphragm
sssceiated with the spring and armature mem-
bers disposed -for movement therewith, the dia-
phragm having substantial side faces and a free
edge, the diaphragm being of a size and being

disposed to extend outwardly into the insulating

medium and substantially across the housed area
within the casing with the free edge of the dia-
phragm terminating adjacent the side walls of
the casing, the insulating medium about the dia-
phragm providing a cushion therefor to damp
vibrations and prevent excessive changes other
than controlled changes in the pressure applied
to the stack.

2. An electric regulator comprising, in combi-
nation, a stack of disks of resistance material,
a spring member disposed at one end of the stack -
to apply pressure thereto, an electromagnet hav-
ing an armature member disposed for movement
to control the pressure applied in response to the
energization of the electromagnet, a casing for
the stack and associated spring and armature
members for housing them, the casing having
sealed joints to render the casing leakproof, a
thermally conducting fluid medium disposed
within the sealed casing to envelop the stack and
associated spring and armature members, the
fluid medium having the characteristic of being
inert with respect to the disks of resistance ma-
terial, and associated spring and armature mem-
bers, and a diaphragm associated with the spring
and armature members disposed for simultane-
ous movement therewith, the diaphragm having
substantial side faces and a free edge, the dia-
phragm being of a size and being disposed to
extend into the fluid medium and substantially
across the housed area within the casing with
the free edge of the diaphragm terminating ad-
jacent the side walls of the casing to oppose
movement of the spring and armature members,
the inert fluid medium  about the diaphragm
providing a cushion therefor to damp vibrations
and prevent excessive changes other than con-
trolled changes in the pressure applied to the
stack.

3. An electric regulator comprising, in combi-
nation, a stack of disks of resistance material,
a pressure plate at each end of the stack of disks,
a spring member associated with one of the pres-
sure plates mechanically disposed to continuously
apply pressure to the stack, an electromagnet
comprising a. core member, a winding and an
armature member which is mechanically con~
nected to the spring member, the armature mem-
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ber being disposed for movement in response to
the energization of the electromagnet to con-
trol the pressure applied by the spring member
to the stack, a casing for the stack and associ-
ated spring and armature members for housing
them, the casing including the core member of
the electromagnet and having sealed joints there-
with to render the casing leakproof, the casing
having a constricted section disposed about the
stack, an insulating liquid medium disposed with-
in the sealed casing to envelop the stack and
associated spring and armature members, and
a disk type of diaphragm carried by the spring
and armature member assembly disposed to ex-
tend substantially across the uanconstricted sec-
tion of housed area within the casing with the
free edge of the diaphragm terminsting adja-
cent the side walls of the casing whereby the
diaphragm is enveloped by the laquid medium
and cooperates therewith to damp vibrations of
the assembly and prevent excessive changes
other than predeterminzg cheances in the pres-
sure applied to the stack.

4. An electric regulator comprising. in combi-
nation, a stack of disks of resistance material,
a pressure plate at each end of the stack of disks.
a spring member associated with one of the pres-
sure plates mechanically disposed to contini-
ously apply pressure to the stack, an electro-
magnet comprising a core member. a winding
and an armature member which is mechanically
connected to the spring member, the armature
member being disposed for movement in response
to the energization of the electromagznet to con-
trol the pressure applied by the soring member
to the stack, a casing for the stack and asso-
ciated spring and armature members for hous-
ing them, the casing including the core member
of the electromagnet and having sealed joints
therewith fo render the casing leakproof, a ther-
mally conducting fluid medium disposed within
the sealed casing to envelop the stack and asso-
ciated spring and armature members, the fluid
medium having the characteristic of being inert
with respect to the disks of resistance material
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and associated spring and armature members,
and a disk type of diaphragm carried by the
spring and armature member assembly disposed
to extend substantially across the housed area
within the casing with the free edge of the dia-
phragm terminating adjacent the side walls of
the casing whereby the diaphragm cooperates
with the inert fluid medium to damp vibrations
of the assembly and prevent excessive changes
other than controlled changes in the pressure
applied to the stack,

5. An electric regulator comprising, in combi-
nation, a stack of disks of resistance material, a
pressure plate at each end of the stack of disks,
a spring member associated with cae of the pres-
sure plates mechanically disposed to continuous-
ly apply pressure to the stack, an electromagnet
having an armature member mechanically con-
nected to the spring memher, the armature
member being disposed for movainant in response
to the energization of the electromsaonet to con-
trel the pressure applied by the spring member
to the stack, a casing for the stack and asso-
ciated spring and armature memders for hous-
ing them, the casing having secled jcints to ren-
der the casing leakproof, a thermally conducting
fivid medium disposed within the sealed casing
to enveicn the stack and associated spring and
arlnature members, the fluid medium having the
characteristic of being inert with respect to the
disks of resistaince material and associated spring
and armabure members, and a diaphragm asso-
ciated with the spring and armature members
disposed for movement therewith, the diaphragm
having substantial side facss and a free edge, the
diaphragm heing of a size and bheing disposed
to extend substantially across the housed area
within the casing with the free edge of the dla-
phragm terminating adizcent the side walis cf
the casing, the diaphragm cooperating with the
inert fluid medium within the casing to damp
vibrations of the assembly and prevent excessive
changes other than controlled changes in the
pressure applied to the stack.

BASCUM O. AUSTIN.



