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This invention relates to electric resistors and 
to the method of making the same. The inven 
tion has more particular relation to that form of 
resistor ordinarily employed on or in connection 
with the ignition circuits of motor vehicles for 
prevention of interference with radio apparatus 
upon the vehicle, although the resistor is capable 
of other uses. 
One object of the invention is to provide a re 

Sistor of this kind which is of minimum size; 
which can be made and sold at low cost; which 
comprises but a few parts and is readily made and 
aSSembled by , simple operations; which in fin 
ished form has all of its parts permanently con 
nected in rigid form and therefore not likely to 
become loose or out of order; wherein the resist 
ance parts are wholly enclosed within a sealed 
cavity and therefore are protected against the 
Weather; and which resistor is capable of being 
manufactured by simple and improved method 
StepS. 
A further object of the invention is to provide 

a resistor of the character described provided at 
its opposite ends with terminal members, one for 
Securement to the standard terminal binding 
post of the ordinary spark plug and provide a 
new attachment for the lead wire thereto, said 
terminal members being connected to the resist 
ance element by malleable material which not 
only provides a firm, immovable connection but 
also serves to seal the cavity containing the re 
sistance element, and in which the terminal por 
tions have ample electric union with the resist 
ance material. 
A further object of the invention is to provide 

an improved method of making such a resistor, 
which not only insures good mechanical and elec 
trical connection between the terminals and re 
sistance material but also accomplishes in a very 
simple manner closure of the resistance contain 
ing cavity. 

Further objects and advantages of the inven 
tion will in part be obvious and in part appear 
hereinafter. 

In the drawing, Fig. 1 represents a sectional 
elevation, Somewhat exaggerated as to size, of a 
finished resistor embodying the invention; Fig. 2 
is a detail elevation of the upper terminal por 
tion; Fig. 2a is an adapter for use with the upper 
terminal; Fig. 3 is a similar view showing a modi 
fled form of upper terminal; Fig. 4 is an elevation 
of the lower terminal portion; Fig. 5 is a detail 
sectional elevation thereof, considerably enlarged, 
to show the thread formation and arrangement; 
Fig. 5a is a modification of the lower terminal; 
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Fig. 6 is a detail sectional elevation illustrating 
one step in the formation of the resistor; Fig. 7 is 
a similar view illustrating completion of the same 
step; and Fig. 8 is still another view illustrating 
the final act of assembly. - 5 

Referring first to the complete resistor shown 
in Fig. 1, it includes a composite unit consisting 
of a body of insulating material provided with a 
through cavity at the opposite ends of which are 
brass or other metal terminal members, one 10 
adapted for Connection to the threaded binding 
post of the spark plug and the other adapted to 
receive the lead Wire connection. Said terminal 
members are mechanically and electrically con 
nected to a resistance element located within the 15 
cavity. The body may be made of any Suitable 
insulating material. Because it is desirable to 
produce this part by a molding or like Operation 
which permanently unites or anchors the end 
terminals to the body, the body, shown at , is 20 
usually made of hard rubber, a phenolic conden 
sation product of Well known composition, or 
other suitable material. This body is molded in 
a manner to include as a practically permanent 
part thereof a lower terminal member 2 and 25 
an upper terminal member 3, each of which may 
be provided with means to prevent movement 
thereof relative to the body, Such as the knurled 
portions 4, 5. The body is in general of tubular or 
cylindrical shape, with a reduced portion 6 at 30 
one end which enters the opening through the 
upper terminal member 3, but terminates short 
of the outer end of Such opening. 
The lower terminal member 2 is of thimble form 

and may have its upper CrOSS Wall provided with 35 
a shallow recess 7 to receive connecting material, 
as will appear more fully hereinafter. 
The upper terminal member 3 is generally of 

hollow tubular form extending outwardly endwise 
from the body and externally is of Suitable 
form to receive the connection to the lead wire 
which ordinarily is fastened to the spark plug, 
such as by being provided with the customary 
shallow annular groove 8, Fig. 3, for a snap con 
nection, or it may be externally threaded, as indi 
cated at 9, Fig. 3. 
The lower terminal member 2 is of course in 

tended to be screwed upon the threaded binding 
post (not shown) of the ordinary spark plug. 
Such binding posts, in Spark plugs manufactured 
by different companies, vary in size. They usual 
ly vary slightly in diameter but the threads of 
different sizes are frequently of the same pitch. 
In other words, one manufacturer may use an 
8/32 thread and another a 10/32 thread, each 66 
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2 
having the same pitch of 32 threads to the inch 
but differing slightly in diameter. To make the 
present resistor adaptable to either type of Spark 
plug terminal, I preferably provide the lower 
terminal 2 with both types of thread, for which 
purpose it is bored out half way on the larger 
diameter and for the remaining distance on the 
Smaller diameter, being thereupon threaded with 
32 threads to the inch along both diameters. 
This arrangement provides 10/32 threads in the 
outer portion of the opening, as at 0, and 8/32 
threads in the inner part of the opening, as at . 
fi, Fig. 5, and the terminal can be firmly screwed 
upon spark plug terminal posts of either size. 
The three elements, to-wit, the body , the 

lower terminal 2 and the upper terminal 3, are 
first assembled in one-piece composite form by 
the molding of the hard rubber, phenolic con 
densation product or the like around and upon 
the two terminal members, which are held in 
proper spaced relation in a jig, mold or the like, 
as is usual. Thereupon the remaining parts are 
assenbled with this preformed composite body 
unit. These remaining parts include the resist 
ance element 2, which is a rod-like or cartridge 
like mass of suitable resistance material, such as 
graphite or a composition of graphite and metal 
Or other material, and suitable means for con 
necting the same to the two terminal members 
2 and 3 and for Sealing and enclosing the cavity 
in which the resistance element 2 lies. The 
resistance element is usually of cylindrical form 
and of a diameter slightly less than that of the 
cavity in which it lies. For more complete elec 
trical union with the terminal members 2 and 3 
the resistance member 2 may have its end por 
tions provided with a coating of metal, as at 3, 
3d, which coating may consist of copper or simi 

lar material plated or sprayed upon the ends of 
the resistance or, if desired, the ends of the 
resistor may be coated, for example, with copper 
and then be dipped in solder or other soft metal 
to accept and hold a thin layer of the softer metal. 
Complete electrical union between the resistance 
element and the two terminal members 2 and 3 
is produced by Small masses of malleable ma 
terial, such as malleable metal, for example, a 
solder of any suitable composition, various mix 
tures of one or more of the metals lead, zinc, tin, 
aluminum, or the like, or even one of these metals 
alone, such as lead or tin. A mass 4 of such 
metal lies between the lower end of the resistance 
element 2 and the terminal member 2, while an 
other mass 5 of such metal lies between the 
upper end of the resistance element 2 and 
the terminal 3 and is further used to close the 
cavity containing the resistance element and 
form a tight metai seal for such cavity. These 
masses of malleable metal are introduced into the 
resistor in such manner as to Swage, deform or 
expand them into most intimate and into maxi 
mum surface connection both with the terminal 
members and with the ends of the resistance 
element. The finished resistor is of minimum size, one 
practical embodiment being approximately one 
inch long. All parts are intimately, rigidly, and 
practically permanently connected or anchored 
to each other SO that they will not rattle or be 
come loose, nor does the electrical connection 
diminish or vary in use, notwithstanding the ex 
cessive vibration to which Such parts of or upon 
a motor vehicle are subjected. The resistor as a 
whole, therefore, is of dependable electrical 
character. 
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Assembly of the parts of the resistor is accom 

plished by very simple methods which can be 
carried out commercially at low cost. As before 
stated, the body and the terminal members 2 
and 3 are first assembled as a distinct composite 5 
unit. Into the cavity within each Such body unit 
is first inserted the necessary material for the 
malleable mass 14, for example, one or two small 
maSSes of lead, solder or the like, say one or two 
Small substantially spherical shot, although 10 
Small irregularly shaped pieces may be employed. 
However, the masses should be somewhat regular 
as to volume for uniformity of production. Next, 
the resistance element 2 is inserted into place. 
Its length is such that it extends slightly above lis 
the end of the reduced portion 6 of the body, 
but short of the end of terminal member 3. With 
the resistor laid on end upon a Suitable support, 
such as the support A, Fig. 6, a plate B, in strip 
or sheet form, of the proper malleable metal, say 20 
lead, is applied flatwise to the upper end of the 
resistor. Thereupon, pressure is applied to plate 
B to force it downwardly toward the resistor, such 
as by the pressure of a tool or head C forming 
part of a machine or actuated by hand or ap- 5 
plied under the blow of a hammer. This opera 
tion forces the malleable metal plate downwardly 
and causes the relatively sharp edges of the 
thimble-like end of terminal member 3 to enter 
the soft metal and shear out a disc-like slug of 30 
metal, somewhat after the manner of operation 
of a cooky cutter. The final, effect or completion 
of such pressure is illustrated in Fig. 7, where the 
small slug has been sheared out from the metal 
strip and introduced into the opening in the 5 
resistor above the upper end of the resistance ele 
ment therein. The soft metal B is chosen of 
such thickness in proportion to the volume of 
the metal mass 4 and to the length of the resist 
ance element 3 that when this assembling step 40 
is carried to completion with the tool C pressed 
home or into substantial contact with the end 
of the upper terminal 3, not only is the small 
metal slug sheared out of the lead strip and in 
serted into the terminal, but also, both said slug 45 
and the mass of metal 4 are Swaged or expanded 
outwardly to substantially fill their zones of the 
cavity within the resistor, causing the malleable 
metal not only to surround and closely hug each 
end of the resistance element and space it from so 
the body , but to also spread it into very inti 
mate contact with the neighboring surfaces of 
the terminal members. Indeed, the lower termil 
nal member 2 may be provided with the shallow 
cavity 7 before referred to into which portions 55 
of the metal mass 4 are forced by the assembling 
operation. At each end of the resistance ele 
ment the masses of malleable metal may be forced 
slightly into the annular space between the resist 
ance element and the wall of its cavity, thus 60 
forming the skirts 4a and 5a. 

If desired, the lower terminal member 2 may be provided with an upstanding point Ta, as 
shown in Fig. 5a, for more effectively swaging the 
malleable metal mass 4 into contact with the 65 
walls of the cavity surrounding it. 
The final step to complete the resistor includes 

a peening operation performed as shown in Fig. 
8 by the application to the upper end of the re 
sistor of a peening tool D, the cavity it in which to 
slightly swages or bends inwardly the end por 
tions of the upper terminal 3, as indicated at IT, 
so that they slightly overlie portions of the mal 
leable metal mass is and not only permanently 
retain the same and prevent it from escaping, is 
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but also insure complete and thorough sea by 
metal to metal of the cavity in which the resist 
ance element lies. 
By the method described, resistors may be 

formed which are of constant and unform char 
acteristics, which are relatively inexpensive, 
which do not get out of order in use, and which 
can be readily applied to the spark plugs of a no 
tor vehicle Without special tools or appliances, 
It will be understood, however, that the resistor 
described is capable of other uses and by the use 
of terminal elements of other form may be 
adapted for connection to other parts than a 
threaded post and a terminal wire. For instance, . 
the device may be arranged for universal con 
nection to various types of lead wire terminals by 
use of the adapter shown in Fig. 2a. This come 
prises a snap-on thimble 8 of a form to coact 
with the terminal member . The thinble is 
provided with a threaded extension 9 to which 
a nut 20 may be attached to secure a lead wire 
terminal between the nut and the upper surface 
of the thimble, or by use of a suitable washer. 
The nut 20 may be slotted as at 2 to receive the 
forked end of a well known style of terminal con 
nection. 
What I can is: 
1. A resistance unit, comprising an insulating 

body of hollow tubular form having immovably 
and permanently anchored thereto, two end ter 
minal members, one of said members closing one 
end of said tubular body and the other having 
a through opening, a rigid resistance element 
within said body, said element being a cylindrical 
rod of slightly less diameter than the tubular 
cavity of the body to provide an annular space 
therebetween, masses of malleable metal, one at 
each end of said element for electrically connect 
ing it to the end terminals, one of said masses be ing exposed at the end of said through opening, 
and said malleable metal having skirt portions 
extending into the annular space\between said 
element and said tubular cavity to seal said an- . 
nular space. 

2. A resistance unit, comprising an insulating 
body of hollow tubular form having innovably 
and permanently anchored thereto two end ter 
minal members, one of said members closing one 
end of said tubular body and the other having a 
through opening, a rigid resistance element with 

3 
in said body, and masses of malleable metal, one 
at each end of said element for electrically con 
necting it to the end terminals, said resistance 
element and masses of metal and through open 
ing being alined, one of said masses being ex- 5 
posed at the end of said through opening, said 
parts being assembled under pressure, and the 
end portion of said end terminal about said 
through opening being swaged over upon said ex 
posed metal mass to retain the parts in position. 10 

3. A resistance unit, comprising an insulating . 
body of hollow tubular form having immovably 
and permanently anchored thereto two end ter 
minal members, one of said members closing one 
end of said tubular body and the other hav- 15 
ing a through opening, a rigid resistance element 
within Said body, said element being a cylindrical 
rod of slightly less diameter than the tubular cav 
ity of the body to provide an annular space there 
between, masses of malleable metal, one at each 29 
end of said element for electrically connecting it 
to the end terminals, said resistance element and 
masses of metal and through opening being 
alined, one of said masses being exposed at the 
end of said through opening, said parts being as- 25 
sembled under pressure, and said malleable metal 
having skirt portions extending into the annular 
space between said element and said tubular form 
to seal said annular space. 

4. A resistance unit, comprising an insulating 30 
body of hollow tubular form provided with a 
through opening, a terminal member at one end 
of said opening, a rigid resistance ulement with 
in said opening and conductively related to said 
terminal member, a second terminal member hav- 85 
ing a through opening and permanently an 
chored in said body at the opposite end of the 
body opening, and a mass of malleable metal for 
electrically connecting the second terminal men 
ber to said element, said metal mass lying at one 40 
end of said element and within and being ex 
posed at the end of the second terminal member, 
said parts being assembled under pressure, and 
the end portion of said second terminal member 
about its through opening being swaged over 45 
upon said exposed metal mass to retain the parts 
in position and to close and seal said through 
opening. 
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