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~ 6 Claims.

This invention relates to improvements in em-
bedded resistance units.

A primary object of the invention is to render
such units moisture resistant and to insure & high
ground resistance thereof,

Another object is to provide for attainment of
the aforementioned desirable characteristics in
such units by simple and relatively inexpensive
means.

Another object of the invention is to provide an
embedded resistance unit having a covering of
water repelient material capable of withstanding
temperatures up te 500 degrees F., whereby such
unit is substantially unaifected by water or mois-
ture or temperatures incident to use thereof,

Another object of the invention is to provide &
metal backed embedded resistance unit wherein
the cement surface is covered by & relatively thin
layer of a siliceous resin which- is substantially
waterproof, is capable of withstanding high tem-
peratures, is chemically inert, bonds well te such
cement surface, increases surface smoothness,
and may act as a vehicle for application of a pig-
ment over the surface of the embedding cement,.

Another and more specific object of the inven-
tion is tc provide & cement-embedded, metal
backed resistance unit wherein the cement sur-
face is covered by a relatively thin layer of methyl
gilicone or & compound including such material.

Other ohjects and advantages of the invention
will hereinafter appear.

Heretofore it was found practically impossible
to provide for resistors a vitreous enamel coating
which wes free from crazing or cracks; and in
those cases wherein the resistor was embedded in
an insulating cement it was found that the ce-
ment was inherently very porous. - In both cases
water or moisture had more or less free access to
the resistor, and destruction of the resistor by
electrolysis or chemical action was likely to occur.

In accordance with our invention the resistive
conductor and the sssociated contacts or terminal
members are secured in their proper positions by
the embedding cement, and by applying a rela-
tively thin coating or layer of methyl silicone over
the embedding cement and properly maturing it,
the embedding cement is made highly repelient to
water or molsture. )

In the drawing, Pigure 1 is a top plan view of
one form of metal backed variable rheostat of the
embedded resistor type wherein the normally ex-
posed area of the embedding material is coated
with a composition including methyl silicone to
render the embedding material substantially
proof against entrance of water or moisture.
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Pig. 2 is a fragmentary sectional view, on the
broken line 2—2 of Fig. 1, illustrating in greater
detail the construction of the rheostat, and

Fig. 3 is a top plan view of a fixed resistance
unit of the metal backed type, the resistor being
embedded and the embedding material being
coated in the manner shown in Fig. 2.

Referring first to Figs. 1 and Z, the numersl §
designates a metal plate or pan which is drawn,
spun or otherwise formed from & suitable blank to
provide g relatively large concentric recess or
depression (of circular form, 88 {llustrated).
Plate 5 is then provided (on both sides and on the
edges) with a vitreous enamel coating, designated
by the numeral & In practice we prefer to Arst
provide plate 5 with a ground coating of vitreous
enamel, and to then apply and fire ovex the first
coating a second coating having good electrical
insulating characteristics.

The foregoing procedure has been set forih
merely by way of example; it being understcod
that for certain purposes and under certain oper-
ating conditions (of the rheostat or resistance
unit) it may be desirable to limit the enameling
of plate 5 to a ground coating only, or to apply two
ground coatings, or to employ combinations of
various enamels and to apply many coatings, each
coating being preferably only five-thousandths to
six-thousandths of an inch in thickness. How-
ever, we have found it desirable in practice to keep
the enamel coating 6 as thin as possible, provided
that the electrical insulating characteristics af-
forded thereby meet the particular requirements,
As is well known by those skilled in the art, a thin
vitreous enamel coating of the character specified
retains g sufficient degree of elasticity or flexibil-
ity to prevent the same from cracking or crazing
under the heat shock incident to use of the article,

In the device of Figs. 1 and 2 we prefer to em-
ploy a multiplicity of like elements 7 of approxi-
mately spooi-shape. That is tosay, each element
7 has an intermediate cylindrical portion T2 and
substantially square end portions 15 and ¢ (see
Fig. 2). The smooth upper surfaces 74 of the
respective end portions 70 gre adapted to serve as
stationary contacts or contact buttons to be en-
gaged in a predetermined sequence by the oppo-
site ends of a bridging or circuit-completing con-
tactor shown in dotted lines at 8 in Fig. 1. We
prefer to form the elements 7 of brass; and in
practice groups of the same have attached to the
flat lower surfaces 7¢ (Fig. 2) of their respective
end portions i¢ (as by silver soldering, welding or
in any other suitable manner) the ends and inter-
mediate loop portions of a plurality of approxi-
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mately W-shaped resistive conductors; two sets
of such resistive conductors being llustrated, and
the same being respectively designated by the
reference characters 9, 19, 14, 12, 13, and i4. The
two sets 9 to 14, inclusive, of resistive conductors
are preferably of substantially the same shape or
contour, but are composed of wires of different
diameter or caliber, so that, for instance, the
resistive conductors 9 will have the highest resist-
ance values and the resistive conductors i4 wili
have the lowest resistance values.

Moreover, the stationary contact surfaces or
buttons 74 associated with the two groups of re-
sistive conductors 8 to {4 are offset from g true
diametrically opposite relationship to each other,
so that with the twelve resistive conductors em-
ployed an “off” position for contactor 8 is afford-
ed as well as twenty-five other positions which
respectively provide for inclusion of different val-
ues of resistance in the circuit to be controlled.
Thus, as shown in dotted lines in Fig. 1, contac-
tor 8 is in “off” position, whereas upon clockwise
movement thereof the same will first engage the
button which we have marked ¢ and the same
will thereafter simultaneously engage the but-
ton marked b, whereby all of the resistance is
included in the controlled circuit. Upon contin-
ued clockwise movement of contactor 8 the but-
ton ¢ will be engaged to exclude from circuit the
larger loop portion of the lowermost resistive
conductor {4. Thereafter the larger loop portion
of the uppermost resistive conductor 14 will be
excluded from circuit, after which $he smaller
loop portion of the lowermost resistive conduc-
tor {4 will be excluded from circuit; and so on,
until in the final circuit-completing position of
contacter 8 the same will bridge the contacts to
which the circuit wires designated L! and 1.2 are
connected. :

The contact members 7, certain of which have
the resistors 9 to (4 and line wires I! and 12 se-~
cured to the lower end portions thereof, as afore-
described, are positioned in any suitable or well
known manner within the recess in the enam-
eled plate 5, and then the embedding material
18 is poured into said recess. The material 15
may consist of any suitable type or composition
of insulating cement, However, we prefer to em-
ploy a cement composed of 62 per cent silica
floats, 22 per cent water, and 16 per cent sodium
silicate. After the cement is poured into said re-
cess, to a level substantially below the upper end
of the latter, a suitable quantity of quartz sand
is distributed over the upper surface of the ce-
ment and the unit vibrated to effect removal of
any entrapped air, and to effect a thorough coat-
ing of the sand grains by the cement:

The embedding material is then baked; the
baking cycle preferably consisting of a six hour
bake at a temperature of 180 degrees F., a three
hour bake at 300 degrees F., and a one hour bake
at 600 degrees F., at the end of which period the
embedding material will be matured. The con-
tact buttons and the resistive conductors asso-
ciated. therewith will then be rigidly positioned
or held in place by the insulating cement. After
the unit has cooled the exposed surfaces 7¢ of the
contact buttons may, if hecessary, be ground or
otherwise jointly machined to insure a coplanar
relationship thereof.

The resistance unit or rheostat is thereupon
coated with the methyl silicone compound. We
"prefer to employ a compound having approxi-
mately the following percentages (by weight) of
ingredients: 35 per cent of methyl silicone (hav-
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ing 71 per cent solids), 25 per cent of acetone,
and 40 per cent of silica floats. These ingredi-
ents are mixed well and stirred constantly to
maintain a substantially homogeneous mixture.
The silica floats would tend to settle out of the
mixture in the absence of constant stirring or
agitation of the latter. This mixture which is
quite liquid is then poured over the exposed sur-
face of the embedding material of the resistance
unit, the unit being preferably tilted and simul-
taneously rotated, or otherwise oriented, to in-
sure complete coverage of the exposed surface of
the cement, and to insure overlapping of the coat-
ing onto the inner enameled surface of the recess
in plate 5; such coating being designated by nu-
meral {6 in Fig. 2. The unit is then dried at
about 80 degrees C. for sbout six hours, and the
unit is then baked for about three hours at 250
degrees C. to effect complete curing of the afore-
mentioned resinous coating.

Although we have herein described our pre-
ferred manner and means for moisture-proofing
the embedding material or cement, it is to be un-
derstood that various modifications of the ma-
terial and procedure may be employed - without
departing from the spirit and scope of our in-
veution as defined by the appended claims. For
instance, the percentages of the given ingredi-
ents of the resinous mixture may be varied
throughout o relatively wide range. Pure or di-
lute methyl silicone may be employed without
the other. ingredients aforementioned, but with
correspondingly lesss economy. Suitable mate-
rials other than silica, floats may be employed as
fillers; solvents other than acetone may be em-
ployed; the resinous coating composition may be
painted, sprayed or otherwise applied to the em-~
bedding material; and the time and temperatures
employed for curing the resinous coating may be
substantially varied without sacrificing the ad-
vantages contemplated by us.

As heretofore stated, it is practically impossible
to produce a vitreous enamel embedding mate-
rial of the character described which is free of
cracks and crazes; and in many instances where
the vitreous enamel embedding material is ini-
tially free from such defects, it is found that
after the resistance or rheostat units are placed
in service cracks and crazes soon appear, due to
the heat shock imparted to the embedding ma-
terial by the hot resistive conductor. If a single
drop of water is placed on one of such cracks and
a resistance measurement taken a few minutes
thereafter it is usually found that the ground
resistance has dropped to quite a low value. In
some instances the ground resistance has been
found to have dropped below 5000 ohms undet
such conditions. Such a reading indicates that
the crack in the cement embedding material has
extended entirely through the thickness of the
cement to the metal plate; and it further indi-
cates that conduction between the resistive con-
ductor and the metal of the plate is possible if
the resistance unit is used in a highly humid or
moist atmosphere.

When a coating of methyl silicone (or a com-

‘position including the same) is applied to such

a unit the aforementioned cracks and crazes are
filled with such coating material, and after ma-
turing of the coating it is found that the ground
resistance of the unit will remain very high, even
though the coated surface of the embedding ce~
ment may be covered with water.

In a resistance unit wherein the resistive con-
ductor is embedded in an insulating cement jt
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is found, as explained above, that the cement
may absorb water or moisture because of the
porous nature of such cement. However, with &
construction of
by us such porosity of the embedding cement
will not affect the ground resistance because the
metal plate is covered with a thin, crack-free
vitreous enemel which insulates the plate from
the embedding cement. Cn the other hand, it is
possible for esnduction to occur between resist-
ance steps through a path In the embedding
cement. Such secondary conduction, however
slight, is likely to cause an electrolytic action
which mey in iime eat away or weaken the
resistive conductor, If a coating of ‘methyl sili-
cone {(or o composition including the same) as

1

the character herein disclosed '
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disclosed hersin is applied over the erabedding .

cernent and properly cured it will make the em-
dding cement waler repelient, or even entirely
ar-proot,
coaling have been entirely jramersed in
or several hours without showing any
ehsorbing water or changing their re-
cheracieristics In any way.

nave shown our invention simi-
1o o fAxzed resistance unit of the
In such o device the metal
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17 is provided with & velatively
covering of vitrecus enamel i3,
i conmecticn with $the device of
The resistive conducior is shown
oh 208 as being of Blgzag or multl-
orz, the dingonally positioned ends
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ttached to the lower surfaces of
Zopb morsions 202 of permingl mermbers 2§, por-
sions of which project upwordly {roin recess i8,
=rhich porilons are provided with tapped opon-
ings to accommodaie the shenks of binding

2

gerews &2 for attechment of clreuit wires.

Thp resistonce wire or ribbon 28 and the lower

and vorilons of fhe aitached terminal mempers
3] are cmpedded within the insulating cement
in the mennsy described in connection with Figs.
1 ond 2; and after baking of the unit as alore-
described to mebure the cement, s relatively thin
cosiing of methyl silicone, or & ecomposition in-
eluding the same as aforedescribed, is applied
to the upper or exposed surface of the cement
1o completely cover the laster and
peripherally adiacent portion of the enameled
plate or pan, &s indicated in dash lines at 28
in Fig. 3. Both the metal plate 5 of Fig. 1 and
the metal plate {7 of Fig. 3 are preferably pro-
vided with a plurality. of groups of openings 24
and 25, respectively, to provide for attachment
of the units to suitable supports, as by means
of screws or bolts.

The aforedescribed units when completed are
found to have a good coating of the methy! siii-
cone compound over the embedding cement.
Such coating is tough, and is impervicus with
respect to water or moisture. The coating 18
found to be more than a mere surface phenom-
enon. That is to say, the coating material is
soaked, or drawn by capillary action, into the
cement adjacent the surface of the latter; and
the coating is further characterized by its entire
{reedom from cracks or holes. Moreover, stuch
characteristics of the coating are maintained
throughout the range of temperatures to which
the units will be subjected when in use.

Resistance units with such & pIo- g
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to overlap the .
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_adapted to embed
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As heretofore indicated, such coating material
may be utilized as a vehicle for a suitable pig-

men¢, which may be mixed with the other in-

_gredients thereof prior 'to application thereof

to the cement surface. Thus, whereas a nstural
brown color is afforded hy the methyl silicone
such color may be changed by the addition of
green, red, black, blue, o other pigments, which
may be utilized to improve or enhence the &p-
pearance of the fnlehed units, according to. the
particular color desired.

A metsl backed zheesiat or resistance unls of
the chavacter herein disclosed 18 unusually
rugged, the mechanical strength thereof belng
such that it is able to withstand o sheek of two
thousand foot pounds without injury.

e clalm: : :

1. A metel backed resistance unit 0f the ce-
ment-embaddad resisior (¥pe, the cement suriece
neing comnlelsly covered by 2 gompound inciud-
ing essentizlly & relptively large proporbion of
o hizh fempsrature sillcspus vesin, whereby the
same o adepied o withetend iemperatures un
T withoul croging or cracking,
s2id comapound being adapted to render said
ualp molgture resistent o thereby Insure there-
for o high ground resishoncs.

3. A wmetal backe sistance unit of the eg=
rmeni-cmbeided resistor 1yDe, the initially ez-
posed surface of she cmbedding csment belng
sompletely coversd by o 60 apound consisting s
sentially of methyl alis? CovEring Com-
pound being charad
eraging or ¢rac
tures up to 500 de
10 vender sald embeddlng
10 molsture, whershy an
vegistence of the uall 15
ditions.,

3. In p resistance unil, in combinstion, & ghesh
metal plate haoving & 7SCeEs formed thersin, oll
surfaces of caid plaie having & relotively Shin
coating of vitreous snamel of good electrical in-
sulating characier, registive conductor podle
sioned within gald recess, @ vitrecus insulating
cement 2lso positionsd within seid recess and
edapted o crabed sald resisiive conductor, sald
cernent being beked In sity to mature the same,
a relesively thin contlng of o compound inciud-
mg o substaniial guantity of methyl gllicone &8
an essential ingredient corapletely covering the
ipitially ezposed suriace of sald cemens, said
gompound being also baked in situ to completely
eure the same, and said compound when cured
peing adapted to withstand temperatures up to
500 degrees F. withous cracking or crazing, to
thereby render said cement moisture resistont,
whereby & high ground resistance of the unit is
insured.

4. In g recsistance unit, in combinetion, & sheet
metal plate having & recess formed therein, ali
surfaces of said plate having & relatively thin
coating of vitreous enamel of good electrical in-
sulating character, & resistive conductor posi-
tioned within said recess, & vitreous imsulating
cement also positioned within sald recess and
sald resistive conductor, said
cement being baked in situ to mature the same,
a relatively thin coating of a compound consist-
ing essentially of methyl silicone completely cov-
ering the initially exposed surface of said cement,
said compound being also baked in situ to com-
pletely cure the same, and sald compound when
cured being adapted to withstand temperatures
up to 500 degrees F. without cracking or craz-

., andl she same acking
sement bighly resishant
unususlly high ground
insured yonder all ¢one




&
ing, to thereby render said cemens moisture re-
sistant, whereby o high around resistance of the
unis is insured,

5. In a resistance unit, in combination, a sheet
metal plate having & recess formed therein, sl
surfaces of sald plate hoving o
conting of a vitreous enamsl of good electrical
insulating character, g resistive conductor nosie
vloned within seid recess, o viireous, adhesive
insulating cement glso positioned within sajd
recess and adepted to embed
ductor, said cement comprising approzimately
62 per cent silies fonts, 93 per cent water and 16
per cent sodium silieate and the seme being baked

Jin sl to mature the seme, 2 relotively thin
coating of o compound congisting of approxi-

said resistive con- )

relatively thin |
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mately 35 per cent by welght of methy! stlicone .

Intimately mixed with o solvent and g Aller com-
pletely covering the inisally exposed surface
of said cement and overlying the adjacent por-
tiong of seid enameled plate, sald compound he-
ing also beked in situ to completely cure the
same, and said compound when cured being

20

adapted to withstand temperatures up to 500 de-

grees F. without cracking or crazing to therehy
render sald cement moisture resistant, whereby
an unusually high ground resistance of the unif
is insured under all condiiions,
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6. In a resistance unit, in combination, & sheet
metal plate having a recess formed therein, ali
surfaces of said plate having a reiatively thin
coating of a vitreous enamei of good electrical
insulating characier, a resistive conductor posi-
tioned within said recess, 3 vitreous, adhesive in-
sulating cement aiso positioned within said re-
cess and adapted to embed gaid resistive conduc~
tor, said cement comprising epproximately 62
ber cent silica ficats, 22 per cent water gnd 18
per cent sodium gilicate and She SpIme Being
baked in situ to mature the sams, o relatively
thin costing of o compound, comprlsing nprronie
mately 35 per ceng by welght of mebhyl sliieone
having 71 per ceng eolids, 25 per cens of ceztone,
and 40 per cent of silics, Hoats, completely cover-
ing the initiaily exposed surface of sald cement
and overlying the adjacent portions of z2id en-
ameled plate, seid compound being slsc haked
in situ to completely cure the same, and said
compound when cured being adapied o render
sald cement moisture resistant, whereby an un-
usually hizh ground resistance of the unig is
Insured under all conditions, ’
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