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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 a high 
ground resistance thereof. 
Another object is to provide for attainment of 

the aforementioned desirable characteristics in 
Such units by simple and relatively inexpensive 

ea.S. 
Another object of the invention is to provide ain 

embedded resistance unit having a covering of 
water repellent material capable of withstanding 
temperatures up to 500 degrees F., whereby such 
unit is substantially unaffected by water or nois 
ture or temperatures incident to use thereof. 
Another object of the invention is to provide a 

metal backed embedded resistance unit wherein 
the cement surface is covered by a relatively thin 
layer of a siliceous resin which is Substantially 
Waterproof, is capable of withstanding high tem 
peratures, is chemically inert, bonds well to Such 
cement surface, increases surface Smoothness, 
and may act as a vehicle for application of a pig 
ment over the surface of the embedding cenent. 
Another and more specific object of the inven 

tion is to provide a cement-embedded, metal 
backed resistance unit wherein the cement sur 
face is covered by a reiatively thin layer of methyl 
Silicone or a compound including Such material. 
Other objects and advantages of the invention 

will hereinafter appear. 
Heretofore it was found practically impossible 

to provide for resistors a vitreous enamel coating 
which was free from crazing or cracks; and in 
those cases wherein the resistor was embedded in 
an insulating Cenent 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 associated 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 repellent to 
Water Or moisture. 

In the drawing, Figure 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 agains, entrance of water or moisture. 
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Fig. 2 is a fragmentary sectional view, on the 
broken line 2-2 of Fig. , 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 2, the numeral 5 
designates a metal plate or pan which is drawn, 
Spun or otherwise formed from a suitable blans to 
provide a relatively large concentric recess or 
depreSSion (of circular form, as illustrated). 
Plate 5 is then provided (on both sides and on the 
edges) with a vitreous enamel coating, designated 
by the numeral 6. In practice we prefer to first 
provide plate 5 with a ground coating of vitreous 
enamel, and to then apply and fire over the first 
coating a Second coating having good electrical 
insulating characteristics. 
The foregoing procedure has been set forth 

merely by Way of example; it being understood 
that for certain purposes and under certain oper 
atting 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 a Sufficient degree of elasticity or flexibil 
ity to prevent the same from cracking or crazing 
under the heat shockincident to use of the article. 
In the device of FigS. 1 and 2 we prefer to emi 

ploy a multiplicity of like elements of approxi 
mately Spool-shape. That is to say, each element 
has an intermediate cylindrical portion a and 

Substantially square end portions b and 70 (see 
Fig. 2). The Smooth upper surfaces d of the 
respective end portions 7 are 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 of brass; and in 
practice groups of the same have attached to the 
flat lower Surfaces 7e (Fig. 2) of their respective 
end portions i (as by silver soldering, welding or 
in any other suitable manner) the ends and inter 

55 mediate loop portions of a plurality of approxi 

  



2 
mately W-shaped resistive conductors; two sets 
of such resistive conductors being illustrated, and 
the same being respectively designated by the 
reference characters 9, ), , 2, 3, and 4. The 
two sets 9 to 4, 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 4 will 
have the lowest resistance Values. 

Moreover, the stationary contact surfaces or 
buttons d associated with the two groups of re 
sistive conductors 9 to 4 are offset from a 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 Wal 
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 (a 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 clock Wise movement of contactor 8 the out 
ton c 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 will be 
excluded from circuit, after which the Smaller 
loop portion of the lower most 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 Li and I2 are 
connected. 
The contact members , certain of which have 

the resistors 9 to A and line Wires L and 2 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 
f5 is poured into said recess. The material 5 
may consist of any suitable type or composition 
of insulating cement, However, we prefer to en 
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 7d of the 
contact buttons may, if necessary, 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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2,896,087 
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 nur 
meral 6 in Fig. 2. The unit is then dried at 
about 80 degrees C. for about 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 
vertion as defined by the appended claims. For 
instance, the percentages of the given ingredi 
ents of the resinous mixture may be varied 
throughout a 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 under 
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 it 
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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 a 

3 
As heretofore indicated, such coating material 

may be utilized as a vehicle for a suitable pig 
ment, which may be mixed with the other' in 

construction of the character herein disclosed 
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 enamel which insulates the plate from 
the embedding cement. On the other hand, it is 
possible for conduction 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 gasy in time eat away Or Weaken the 
resisive coauctor. If a coating of methyl sili 
conse (or a coxaposition including the same) as 

0 

s 

disclosed hereign is applied over the enabedding . 
ceaeza, and Oroperly cured it, Wii lake the eras 
edrag 222a2:8, 5.7ater rege-eat, or evera entirely 
7233r-g3'cci. 
acity3 coaling have been entirely intersed in 
vasai oz 327erai hours without showing any 
signs o? &Sosking water or changing their re 
sist2,539 cas.33, cteristics any way. 

; 3ig. 3 7s have shown our invention simil 
2.37 type: ;o a £ixed resistance unit of the 
plate C. p35 37pa. A such a device tae aeta 
33 E 03 alongated itsecta&ngular contour asy 

thereign a elongated Substantially Oaged , 
SC: go: Si, is provided with a relatively 

Silic coisaplete covering of vitreous exaazaei. 3, 
as dia3C: 33d it connectioC with aa device of 
i2S, $30 2. Tae gesistive CCnd 3 or is show? Fi 

3.cit goitions 33 of terraiza aegigax's 28, 203's 
tions o 7hich project, lapias'dly ro2 recess 88, 
*7inica portions are grovided with tagged 0:23 
izags to accC5 Ginciate the sha. As of binding 
Scre is 32 go. 3 achinent of circuit, vires. 

aise icesis;35Cs wire or bec. 2, 2ad the C73 
and gorioias of the attached terrainal aernes's 

se 2 eiabadded Within the insulating ceaea, 
in the 5,733 described in COSaection with sigs. 

and 2; and after baking of the 13 it as acre 
described to natuate the cement, a relatively tail 
coating of Eastnyi silicone, or a compositio3 in 
cluding the same as aforedescribed, is applied 
to the upper or exposed surface of the cement 

Resistance units with such a pro 

so 

to completely cover the latter and to Overlap the 
peripherally adjacent portion of the enameled 
plate or pan, as indicated in dash lines at 23 
in Fig. 3. Both the metal plate 5 of Fig. i and 
the metal plate 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 methyl sili 
cone compound Over the embedding cement. 
Such coating is tough, and is impervious with 
respect to water or moisture. The coating is 
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 
freedom from cracks or holes. Moreover, such 
characteristics of the coating are maintained 
throughout the range of temperatures to which 
the units will be subjected when in use. 
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gredients thereof prior to application thereof 
to the cement surface. Thus, whereas a natural 
brown color is afforded by the amethyl silicone 
such color may be changed by the addition of 
green, red, lac, Rule, or other pigments, which 
may be latilized to aprove or enhance the sp 
pearance of the finished units, according to the 
particular color desired. 
A metal backed glacosat or resistance lacak (8 

the character herein disclosed is unusually 
rugged, the necia:Cical strength aereof celing 
Such that it is ale to evastasad & sects or two 
thousand foot goads withoa, Guary 
We caza: 
3. A 2.2ets. Rac:3d resistaSce irit of ina ces 

meat-e Zaigeided 333is&OE 37gs, ha ce:Reghi sua Sace 
being corapletely covered by a corapouad inciati 
igg esseratially 3, 32diye 7 age gi'egoirica of 
a high eigeia are silica is resign, 722xey a 
sazae i3 gia.g.:35 to Wins;22. SSAsiatures as 
to 59 diegs"28s. i. 57iiiata; GSEziag 03 CE.cgisg, 
azad said. CO32-03 Act oeirag 2.33:22 to ge:hids: S2. 
agit, inois; 333 3.2SS:25a, O Saese S7 is SAS'e SaG3'ée 

2. A 3raea 3 ccSf 323s,3333 2CA3, G3 tae C2a 
Creage:(acadded 333is:0: J29, 23 initis; 33a 
gosed S333s,33 of 32 S3 i? 23 di?ag Ce:CA226 cStag 
coRacete, coyerset 3, 8, 23:32:04:3, 305 assing e3e 
38:atially C3 gastaji 33333, 323i (29733izag COEle 
g33Radi o3ing cla2 it toy its are&dori 3.07. 
crazig or 3333333 783. Stieged to e.g33.3s 
RE'es p to 590 deg.333 3. A 23 SS3 & 2C832ng 
to ceade, Sais eig3disag ge:38& 23gy sesists,838, 
to 2 is axe, Wylaea); 2.33 37A2S2.7 liga g3,042.É. 
Sesis: ce of inge 32ni; i3 is AS3'ed Acades & 3.03e 
(iiidas. 

3. J. S. Sesists, C6 338, is a coatia&tio2, 2, SEA638, 
neal gate havigag & 5'ecess forgiad, theseign, as 
Saraces C; Saic giata 25fig 2, Fe38i,70iy Gaga 
coating to vii.303s 2.323 of gcd aiectical ice 
Suating ca25'acies, S), 'esisti72 CO3.3 C&O. 23.gic 
ioned withigh Said "ecess, & Wigeo2S is stag 
ceneral, also gositicaed withia ssic Secess glad 
sdapted to eaked SSlid resisive CO2 adactOS, SSg 
ceaent being 23;xed a git: to Xiaattire the S3Rae, 
8, relatively thin 30%tigag of a cosold ixact:- 
ing 2, Sustagatig. 32.3tity of Saelay gliccae &S 
an essentia isagredient cOZapletely covering ae 
initially exposed 32.Ésce of S2 it cereat, said 
compound being also based in sitti to completely 
cure the same, and said co-apourad when cured 
being adapted to Yi said teapezetires up to 
500 degrees S. Without Cracking O. Cazing, to 
thereby render said ceae at Eaoisture resistant, 
whereby a high ground resistance of the unit is 
insured. 

4. In a resistance unit, in combination, 8, sheet, 
metal plate having a recess formed therein, a 
surfaces of said plate having a relatively thin 
coating of vitreous enazael of good electrican 
sulating character, a resistive conductor posi 
tioned within said recess, a vitreous insulating 
cement also positioned within said recess and 
adapted to embed said 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 coy 
ering the initially exposed surface of said cement, 
said compound being also baked in situ to Con 
pletely cure the same, and said compound when 
cured being adapted to withstand temperatures 
up to 500 degrees F. without cracking or craz 

  

  



4. 
ing, to thereby rendent said ceaea moisture reas 
sistant, whereby a high ground resistence of the 
unit is 3: Sured. 

5. In a resistance unit, in combination, a sheet 
retal plate having a recess forEned therein, all 
surfaces of said plate aeving 3, 22&tively fair 
coating of a vitreous era 332 o' good electrical 
insulating character, a resistive conductor pose 
tioned with is said recess, & V&R’eo2S, 32.dhesive 
insulating celineat also positioned. Within Said 
recess and adapted to exaced said 'essive COE - 
ductor, said ceaent cOZaprising 8.p20:58tely 
62 per cent silic, gloats, 22 22 cert Water and 6 
per cent, sodiul silicate &nd the saExae aeing based 
in sit to Sature &e same, a Relatively this. 
co28ig (8 a., Congo Ed COAssig (05 2.ggs'O2.É.ie 25 
castely 35 per ceXt by Weight of Aethyl silicone 
iratixiately Eni:Eed. With 2, Sovean, 2nd 2, le COEile 
pletely covering the izitially exposed Sagace 
of said cenheit, and overlying the 26jacent, gore 
tions of said exaaz need plate, Said Corpond ce 
ing also lated in situ to copietely cure the 
Saxiae, and Said CO apold. Whe cused eig 

2. 

adapted to withstand temperatures up to 500 die 
grees S. without cracking or crazing to thereby 2. 
render Said cement 220istie gesis;2, 37hereby 
an unusually high ground 'esistance of the Ani, 
is insured under a conditions. 

w 

g396,08? 
6. In a resistance unit, in combination, a sheet 

xietal plate having a fecess formed therein, all 
surfaces of said piate having a relatively thin 
coating of a vitreous enamel of good electrical 
insulating character, a resistive conductor posi 
tioned within said recess, a vitreous, adhesive in 
Stating cement also positioned within said re 
cess and adapted to eated said sessive conduce 
tor, said ceae at COEagirising approximately 62 
per cent silica, ificats, 22 per cent Water and 6 
per cera, sodi. In silicate and he size Being 
2ked in sit to Eatise the SSEe, a greatively 

tala Coa;igg of a COROuard, coin parising approxi 
Elaately 35 per Ce:Ot, y Weight Ci 2 city; as Ricore 
having digex' cera, Solids, 25 per cent of Ce2togne, 
322d 40 per cent of silica, incais, corageteix7 cover 
ing the initia y exposed Surface of said cement 
3 ad overlying the Adjacent Jortions of said en 
&ICeled gate, said compound Reing also faced 
in situ 80 corpletely cure the Sane, and Said 
COXIgound Wine cured being adapted to render 
Said ceinent, Yoisture gesistant, whereby an in 
usually high ground resistance O tie inii, is 
insured 2ndier all conditions, 

EN. W. (C&S, 
33:SE, D, ORTGAAN. 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  


