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The present invention relates to the manu 
facture of wire-wound resistors and more par ticularly to a process for coating resistors with 
a protective warnish. 
Wire-wound resistors are manufactured by 

winding a plurality of turns of wire upon a core 
of insulating material, which has metal caps at 
opposite ends to which the lead lines of the re 
sistor and the opposite ends of the Wire Winding 
are attached, then coating the wire and caps with 0 
an insulating protective coating, Such as varnish, , 
and the curing the coating. 
With conventional methods of rianufacture, 

the insulating coating is applied by dipping the 
resistor into the coating material or pouring the . 
coating material over the resistor, then letting 
the Surplus coating drain off, and then drying 
and baking the coating. Sometimes after ap 
plying the coating the resistor is rotated on its 
axis for a few seconds at high Speed to throw 
off the excess of the coating and shorten the 
draining time and is then dried and baked. In 
any case with conventional methods of manu 
facture only a very thin insulating coating can 
be applied at a time and several coatings are re 
quired to build up the necessary thickness of 
protection. After each coating is applied, of 
course, the coating has to be cured before the 
next, coating can be applied and cured. Because 
of the curing between successive coatings, the 
coats sometimes do not adhere well to each other. 
Oftentimes the coatings Strip in use causing ex 
posure of the Wire to corrosion. This is par 
ticularly likely to occur where the resistors are 
exposed to weather and to Salt, as in naval usage. 
Of course, the greater the number of the coatings, 
the more the likelihood of Stripping. The likei 
hood of stripping is increased too by the difficulty 
of coating both the wire winding and the terini. 
nals uniformly and of getting sufficient coating 
on the terminals to prevent exposure of the 
Winding at its points of tie to the terminals. In 
any event, the necessity for applying coatings 
successively and for curing each one before ap 
plying another adds materially to the cost of 2. 
resistor. 
One object of the present invention is to pro 

vide a process whereby a greater thickness of 
warnish may be applied to and retained on a re 
sistor during drying and baking than has here 
tofore been possible in any known coating op 
eration. 
Another object of the invention is to provide 

a method for coating resistors which will permit 
applying the required thickness of protection to 
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the resistor in a single coating particularly where 
a thermosetting varnish is employed. 
Another object of the invention is to provide 

a proceSS for coating resistors which permits 
control of the quantity of warnish or protective 
Coating desired at the ends of the resistor. 
A further object of the invention is to provide 

a process for coating resistors which will permit 
of obtaining an even protective coating from 
end to end of the resistor. 
Other objects of the invention will be apparent 

hereinafter from the specification and from the 
recital of the appended claims. 
In the drawings: 
fig. 1 is a view of a wire-wound resistor prior to its being coated; 
Fig. 2 is a view on a reduced scale showing the 

resistor with a protective coating applied thereto; 
Fig. 3 is a diagrammatic view in perspective 

illustrating how the resistor is rotated in the 
process of the present invention in order to re 
tain the coating thereon during drying and in 
order to control the Spread of the coating along 
the length of the resistor; 

Fig. 4 is a more or less diagranimatic view on 
a. Still further reduced scale showing a rack for 
carrying a plurality of resistors mounted in a 
furnace or oven for drying simultaneously ac 
Cording to the process of this invention the 
coatings of a plurality of resistors; 

Fig. 5 is a Section through the rack taken on 
the line 5-5 of Fig. 4 but on an enlarged scale; 

Fig. 6 is a plan view of a modified form of rack; and 
Fig. 7 is a fragmentary perspective view illus 

trating diagrammatically the structure of a fur 
nace or oven in which continuous drying or 
baking operations may he effected by the process 
of this invention. 

Referring now to the drawings by numerals of 
reference, denotes generally the resistor. This 
comprises an insulating core f , which may be 
made of a ceramic or other suitable material, and 
upon which is wound a plurality of turns of fine 
Wire 2. The ends of this wire are fastened to 
tabs 3 which are integral with metal caps 3 
that are pressed on opposite ends of the core. 
The lead wires 5 of the resistor are secured in these caps. 
The progeSS of the present, invention Inay be 

employed in the coating of resistors with various 
types of flowable insulating materials, but will be 
described particularly in connection with the 
coating of a resistor with a varnish. The warnish 
is applied to the wire-wound resistor at root 
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temperature. The varnish is allowed to partially 
drain from the resistoi". Then the resistor is air 
dried and baked while being rotated end over end 
about an axis ac (Fig. 3) which extends at right 
angles to the axis y of the resistor and which ill 
tersects the axis y preferably in the mean point C 
of both the length and the diameter of the resis 
tor, which is the center of gravity of the resistor. 

Tihe end over end motion of the resistor about 
aia axis 3C interSecting its axis y causes the var 
nish to flow by centrifugal force outwardly from 
the center c toward both ends of the resistol. 
The speed of rotation of the resistor about axis 
ic controls the extent of outward fiow of the var 
inish. For an even coat of warnish over the re 
sistor from and to end, the resistor is rotated for 
Standard theirlosetting warnishes at approxi 
mately thirty R. P. M. If it is desirable to have 
noire warnish at the ends of the resistor, the Speed 
of rotation must be increased. The Speed of ro 
tation is depandent, also, of course, upon the vis 
cosity of the particular vainish oi' other insulat 
ing material used for the coating. 

for production purposes, a plurality of resis 
tors are treated Sintaneously. This is done 
by nounting the resistors in a rotatable rack of 
Suitabie (Oistruction. So that they are centered 
axially and diametrically with reference to the 
xis a of rotation of the rack, and then rotating 

the rack while air-drying and baking the coatings 
of the resistors. 
One type of rack that is suitable for the pur 
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pose, is illustrated in the drawings at 28. It 
comprises a base plate 2 and a U-shaped clainp 
ing plate 26. The base plate has a Shait or 
shank 23 projecting centrally from one end by 
which it may be rotated. It has shoulders 22 on 
its upper ifage at Opposite sides against which the 
ends of the lead wires 5 of the resistors are 
adapted to abut, thereby to center the resistoi's 
longitudinally in the rack. It also has an upper 
seating Suriace 3 upon which the iead wires 3 
are adapted to l'est. The height of this surface 
is such as to ceater the resistors vertically in 
the rack So that the axes g of the resistors will 
iterSect the axis (C of the Shank or shaft 25 of 
tie 3,ck. 

he resistors are held in the rack by the J 
shaped clainping member 25, which may be 
hingediy or otherwise Secured to the base plate 
2 and which inay be clamped in operative posi 
tion to the base plate in any suitable nanner, as 
by coil Springs coaxial with the hinges. The 
undersurface of this clamping plate is adapted 
to engage the tead wires is of the resistors to 
hold the 1'esistOi'S on the base plate and inay be 
CCvered Wiáin rubber or otheir Suitable facing 2i. 

After the resistors have been placed in the 
rack or fixture 2 with their axes y intersecting 
at right angles the axis a of the bar or handle 25 
and disposed. So that they are centrali of this 
axis 3, the warnish is applied to the resistors, 
as previously stated, at room temperature of ag. 
proximately 70 F. Then the warnish is allowed 
to partially drain. The rack nay then be turned 
by the operator in his hands once or twice just 
to Spread the Warnish. The rack is then chucked 
in a Suitable power rotator so as to permit air 
drying the warnish while it is being rotated on 
its axis 3. 
The air-drying Yay be done in the same oven 

35 in which the varnish is later to be baked, air 
drying being effected of course, with the heat 
turned off. The oven 35 illustrated in the draw 
ing (Fig. 4) is shown as provided with a power 
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4 
driven chuck 30 which is adapted to be driven 
from power shaft 3 through a pair of change 
gears 32 and 33. Gear 32 is secured to the shaft 
3 and gear 33 to shaft. 34. The chuck 30 is 
In Ounted upon the latter shaft. For air-drying 
and baking, shank 25 of rack 20, then is chucked 
in chuck 30 SO that the rack may be rotated about 
axis ac. The speed of rotation of the rack is deter 
nilined by the quantity of warnish desired ovel 
the ends or caps. Of the resistors. For an even 
Coat from end to end of a resistor, the Speed of 
rotation needed for conventional types of ther 
moSetting varnishes is approximately 30 R. P. M. 
If it is desirable to have more varnish at the ends 
of the resistors the speed of rotation must be 
increased. For conventional types of thermosetting war 
inishes, the Varnish is air-dried approximately 
one hour at room temperature. The ength of 
tine for the air drying is determined, of course, 
by the aimount of Solvent that is in the varnish. 
During the Whole of the air-drying operation, the 
racik 28 is revolved on its axis a to revolve the 
iresistors end over end about their centers c. 
The warnish is then baked for approximately 

two hours with the rack or fixture 2 rotating 
continuously On its axis ac. The baking tempera 
tuire is raised constantly at a uniform rate from 
room tenperature to approximately 150° C., over 
the period of approximately two hours, the ten 
perature depending, of course, upon the type of 
Washish and the hardness of the bake desired. 
A further baking period at the high te;npera 

tie of Say 150° C. may then be performed for 
approximately two hours. The resistors do not, 
have to be rotated during this high-temperature 
baking period because the varnish has now be 
CGine fixed. iihe langth of the high-temperature 
bake is determined by the thickness of the war 
nish applied to the resistor. 

he figure given above for the length of time 
for the air-drying, and baking, and for the ten 
peratures of these operations are those that may 
be exaployed on a conventional type of thermo 
Setting varnish. he process may be employed, 
also, where the resistors are coated with other 
varnishes as, for instance, silicone varnish. With 
thermosetting Varnishes it is possible to apply all 
of the required protective warnish coating in a 
single coat. For silicone varnishes it may be 
necessary in Soine instances to apply two coats. 
In this case the first Silicone varnish coating may 
be heated up to Say 150° C. for baking and then 
the Second coat may be applied, air-dried, and 
baked up to approximately 250° C. The resistors 
should be rotated during both baking operations 
until approximately 150° C. of heat is achieved. 

For high production purposes, the process of 
the present invention may be carried on in a 
Continuous Oven or furnace. Such a furnace is 
illustrated diagrammatically in Fig. 7. For this 
purpose, a Somewhat different type of fixture or 
rack it may be required, such as that shown in 
Fig. 6. This rack may be similar in construction 
to the rack 2 in So far as the base plate is of 
the rack may be provided with locating surfaces 
to locate the resistors longitudinally, that is, 
axially, as well as in a direction at right angles 
to their axes. The resistors may be clamped in 
the rack by clamping members is 5. These 
clamping members may be spring pressed into 
clamping position. In the embodiment shown, 
there are two of these clamping members as 
pivotally connected by means of pins 44 to the 
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base at opposite sides thereof to clamp, respec 
tively, opposite ends of the lead wires 5 of the 
resistors. 
The rack 40 has shafts or shanks 46 projecting 

at opposite sides of the same which have rollers 
47 integral with them. Each rack 40 is adapted 
to hold a plurality of resistors fe and a plurality 
of racks 40 may be going through the oven 50 
Simultaneously. To drive the racks 40 through 
the furnace the racks may be positioned so that 
their shanks 46 project through longitudinal 
slots in the opposite side walls of the furnace 
and so that each of their rollers 47 engages be 
tween two endless belts 48 and 49, which are 
mounted outside the furnace. There is one pair 
of these belts at One side of the furnace and an 
other pair at the opposite side thereof. The two 
belts of a pair may travel in opposite directions 
at different speeds or one belt of the pair may 
move faster than the other. In this Way, the 
fixtures or racks 40 will be rolled from one end 
of the furnace to the other, the time of passage 
from one end of the furnace to the other depend 
ing upon the time required for the baking op 
eration. As they roll, the resistors rotate about 
the axis ac of the rack thereby causing even appli 
cation of the warnish over the resistors. The 
Speed of rolling, as before, determines the ex 
tent to which the warnish is applied over the 
caps and ends of the resistor. With this appa 
ratus a plurality of racks can roll simultaneously 
through the furnace so that a great number of 
resistors can be treated simultaneously. 
With the present invention, it is possible to 

put as much as a .015' varnish coating on the 
resistors in a single coat. Heretofore this has 
required many coatings, many drying, many 
baking operations. The present invention, there 
fore, saves time and labor and very materially 
reduces the cost of resistors besides providing 
resistors which will meet naval Specifications and 
stand up under most severe conditions. 
Since air-drying and baking are both drying 

operations, the term "drying' is used in the 
claims generically to refer to either or both op 
erations. When air-drying or baking are meant 
specifically, they will be referred to specifically. 
It will be understood, moreover, that the term 
'curing' covers whatever operation or operations 
are required to complete the drying of the insul 
lating coating whether air-drying alone or air 
drying and baking. It will be understood, also, 
that the term "varnish' is intended to COver 
lacquers and other types of protective coatings 
that are sufficiently fluid at normal room ten 
perature to run. 
While particular types of racks have been de 

scribed, it will be understood that these are illus 
trative only. It will be understood further that 
while the racks described are provided with Sur 
faces for locating the resistors longitudinally and 
diametrally by their lead wires, other means of 
locating in the racks may be employed if desired. 

It will further be understood that while the in 
vention has been described in connection with 
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particular embodiments thereof and a particular 
use therefor, it is capable of further modification 
and use, and this application is intended to cover 
any variations, uses, or adaptations of the in 
wention following, in general, the principles of 
the invention and including such departures from 
the present disclosure as come within known or 
customary practice in the art to which the in 
vention pertains and as may be applied to the 
eSSential features hereinbefore Set forth and as 
fall within the scope of the invention or the 
limits of the appended claims. 
Having thus described my invention what I claim is: 
1. The method of coating a wire-wound re 

Sistor which comprises Supporting the resistor 
by supporting means extending beyond the ends 
of the resistor and disposed axially of the resistor, 
applying a flowable insulating coating to the 
resistor and rotating the resistor about an axis 
Which extends at right angles to the axis of the 
resistor and which intersects the axis of the re 
sistor in its center while drying the resistor, 

2. The method of coating a Wire-Wound re 
sistor which comprises supporting the resistor 
by supporting means extending beyond the ends 
of the resistor and disposed axially of the re 
sistor, applying a flowable insulating varnish to 
the resistor at normal room temperature, air 
drying the resistor at normal room tempera 
ture while rotating the resistor about an axis 
which extends at right angles to the axis of the 
resistor and which intersects the axis of the re 
sistor in its Center, and then raising the tempera 
ture while continuing to rotate the resistor about 
said intersecting axis, to bake the coating on the 
resistor. 

3. The method of coating a wire-wound resist 
or which comprises supporting the resistor by 
supporting means extending beyond the ends of 
the resistor and disposed axially of the resistor, 
applying a flowable insulating coating to the 
resistor, and drying the resistor while impart 
ing a translatory rolling motion to the resistor 
in which the resistor revolves on an axis which 
extends at right angles to the resistor axis and 
intersects the resistor axis in the center of the 
resistor axis. 
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