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[57] ABSTRACT 
‘ The invention comprises a cylindrical housing having 
an internal telescopic split bore for receiving a 
solenoidally actuated piston. The piston has an ex 
tremity spring biased and anchored and the other ex 
tremity has disposed thereon a resistive contact. The 
split bore is conductively coated and separated by an 
insulative medium. The resistive contact on said piston 
is disposed to engage one of said conductive contacts 
in response to the excitation of the solenoid to permit 
conduction under the control of the resistive contact. 
Removal of the excitation permits the piston to return 
to its original position under the control of the spring 
bias. The amplitude of make and break of contact cur 
rents is controlled by the resistive element during the 
initial stages of switching. 

5 Claims, 18 Drawing Figures 
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PISTON ACTUATED SWITCH WITH SCREW 
THREADS ON PISTON AND HOUSING 

BACKGROUND AND THE INVENTION 
GENERALLY 

This invention relates to electric switches, speci? 
cally to the plunger actuated switch of new and novel 
construction utilizing a cylinderical piston as one leg of 
the contact surface, and a ?xed cylindrical receiver 
comprising the other contact surface and also to the 
new and novel construction of utilizing electrical pas 
sive elements in the form of resistance, inductance, ca 
pacitance, or semiconductor diode as an integral part 
of the piston. 
Relay switches of prior art have utilized a plunger to 

transverse the gap between two (2) ?xed point contacts 
thus fundamentally completing the electrical continuity 
of a circuit. A number of switches of prior art do not 
take into consideration however the reverse ?ow of 
“Electromotive Force” resulting from a load impe 
dance consisting of electrical inductance and capaci 
tance. In addition, prior switches were susceptible to 
resistance variation resulting from “Hot-Switching” 
which has a departmental effect on low level electrical 
potential. 
The present invention utilizes a cylindrical relay coil 

enclosing the contact surface area of a switch which 
generates an electro-magnetic ?eld around the 
contacts, and actuates a rotatable, slidable, sectional 
ized piston. I 

The invention consists of a cylinderical insulated 
form about which a cylinderical relay coil is mounted, 
including a pair of terminals for the coil to which elec 
tricity is applied for activation. The relay coil is posi 
tioned such that the electro-magnetic ?eld encom 
passes the mating surfaces of the switch and, in addi 
tion, imparts a magnetic translatory force on a piston 
which essentially becomes the armature of a solenoid. 
The insulated cylinder which houses a threaded station 
ary receiver and threaded piston is molded and shaped 
to form a cylindrical cavity. The material selected, such 
as te?on, or glass, for the insulated cylinder shall ex 
hibit suf?cient strength to withstand shock, vibration, 
and pressure to function in an adverse entironment 
and, if necessary, electro-magnetic interference and 
radio interference shields are adaptable to enclose the . 
switch. 
The threaded receiver comprising a uniform hollow 

cylinder with expanded section forms one of the 
contact surfaces of the switch, which is mounted rigidly 
in an enclosed insulated cavity. A terminal welded to 
the receiver provides the means for connecting the cir 
cuit to be controlled and, in addition, the allocation of 
suf?cient head space directly in front of the uniform 
hollow circular cylinder allows the piston to protrude 
through the receiver when the switch is energized to 
close the contacts. The expanded section incorporates 
an inner conductive lining spanning the circumference 
of the receiver and reaches the piston seats. The con 
ductive lining has uniformly spaced ?ngers which exert 
a force against the piston to insure agood electrical 
continuity. The construction of the lining speci?cally 
the ?ngers at present has been conceived to assume a 
concave curvature, which will exhibit characteristics of 
elasticity and resiliency to retain its original shape after 
the withdrawal of the piston assuming the open state. 
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2 
The complete inner lining of the switch consists of a 
circular insulator separating the piston conductor and 
another circular insulator which electrically isolates the 
piston and spring assembly from the receiver. A termi 
nal welded to the piston conductor provides the means 
for connecting the circuit to be controlled. 
A rotatable piston consists of four (4) sections having 

a common threaded center shaft on which all sections 
are joined together. The center shaft represents the 
conduit that provides the electrical path to the re 
ceiver. A threaded resistance section forms the head of 
the piston and is constructed longer than the uniform 
hollow reduced circular section of the receiver; thus, 
electrical contact is made prior to the full engagement 
of the switch. During this period of initial contact be 
tween the resistance section and the receiver, electrical 
current will start to flow between the terminals via the 
passive elements which includes the resistance section 
and the rear of the piston body which is electrically part 
of the piston conductor. The rate of rise or fall of the 
voltage and current depends on the values selected for 
the passive elements which are in series with the elec 
trical circuit. As the piston slides forward, the engage 
ment of the threads causes the piston and related as 
semblies to rotate approximately between 180° and 
270° in a clockwise direction whichever is most suit 
able. The rear conductor of the piston is held rigidly to 
the spring assembly by an insulated circular retainer 
which is secured to the threaded center shaft conductor 
by a lock-nut. Thus, the piston and spring assembly 
function as a single integral unit. A return force exerted 
by the spring overcomes the inertia of the piston and 
withdraws the unit to break contact in two steps after 
removal of the coil voltage. The piston body will break 
contact ?rst with the receiver lining; however, since the 
resistance section is designed to be much longer than 
the reduced receiver section, contact is still maintained 
and electrical current will ?ow at a reduced level. Con 
sequently, circuit continuity is broken at a lower elec 
trical potential reducing the contact arcing that arises 
from the ionization of the air between the contacts. The 
spring is anchored securely to a circular insulated plate 
which ?oats on ball bearings and allows the whole 
spring assembly to rotate; thus, reducing the friction at 
the rear of the switch. Also, part of the spring assembly 
is the rear circular cover securely attached to the insu 
lated cylinder housing which provides access to the in 
ternal parts of the switch. In addition, this access pro 
vides an option to repair and replace parts from normal 
and abnormal usage. 
The primary object of this invention is to provide a 

switch that controls the ?ow of electrical energy to a 
prescribed time constant by the use of passive elements 
that exhibit certain electrical properties. 
Another object is to provide a switch that is speci? 

cally designed to function with an electrical potential 
on both contact surfaces. In relay terminology this 
function is de?ned as “Hot~Switching.” 
Another object is to provide a switch that minimizes 

the ionization of the air between two (2) contact sur 
faces by reducing the electrical potential on the 
contacts; subsequently, switching of electrical potential 
is accomplished at a reduced level. 
Another object is to provide a switch that minimizes 

the contact junction temperature, which literally de 
stroys the contact surfaces, by reducing the electric po‘ 
tential at which the switch is energized and de 
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energized, thus increasing the reliability of the switch 
after repeated open and closures. 
Another object is to provide a switch with a cylinderi 

cal contact surface area in which a uniform contact re» 
sistance is maintained after repeated use. 
Another object is to provide a switch consisting of 

multiple removable sections whereby different con?gu 
rations may be selected. 
Another object is to provide a switch that has one 

contact which rotates aspeci?c angle to wipe and clean 
each contact surface to remove any residue that accu 
mulates when two electrical potential surfaces are con 
stantly being switched. 
Other objects and advantages will become apparent 

from a reading of the speci?cations and a study of the 
accompanying drawings and wherein; 
FIG. I is an enlarged longitudinal cross-sectional 

view of the switch showing the piston in the retracted 
position; ‘ 

FIG. 2 is a sectional view of FIG. 1 taken on the line 
A——A thereof; 
FIG. 3 is a top view of the receiver lining seen in FIG. 

1; 
FIG. 4 is a front view of the receiver lining seen in 

FIG. 1; 
FIG. 5 is a side view of the receiver lining seen in 

FIG. 1; 
FIG. 6 is a cross-sectional view of the piston enlarged 

to show the composite section mated together as seen 
in FIG. 1; 
FIG. 7 is a cross-sectional view of FIG. 6 taken in the 

line B—B thereof, which shows the resistance section 
in detail; 
FIG. 8 is a cross-sectional view of FIG. 6 taken in the 

line C-C thereof, showing the cone-shaped insulator; 

FIG. 9 is a view similar to FIG. 7 showing a threaded 
shaft attached to the resistance section; 
FIG. 10 is a view similar to FIG. 8 showing a modi? 

cation to incorporate a passive element exhibiting an 
electrical inductance which is secured to FIG. 9, the re 
sistance section; ' ‘ 

FIG. 11 is a view similar to FIG. 8 showing a modi? 
cation to incorporate a passive element exhibiting an 
electrical capacitance which is secured to FIG. 9. 

FIG. 12 is a view similar to FIG. 8 showing a modi? 
cation to incorporate a passive element exhibiting di 
rectional characteristics such as a semiconductor di 
ode, which is secured to FIG. 9; 

FIG. 13 is a crossrsectional view of the piston show 
ing a modi?cation to incorporate a threaded shaft 
which is secured to FIG. 8 and its associated sections; 

FIG. 14 is a detailed view of the insulated assembly 
secured to the rear of the piston by a lock-nut as seen 
in FIG. 1 and in addition provides a retainer for the 
spring; 
FIG. 15 is a front view of the insulated assembly as 

seen in FIG. 14; 
FIG. 16 is a front view of the spring rear assembly as 

seen in FIG. 1; 
FIG. 17 is a detailed view of the spring rear assembly 

as seen in FIG. 1, showing the insulated retainer 
mounted on ball bearings to which the spring is at 
tached; 
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4 
FIG. 18 is an electrical schematic defining the me 

chanical action that the switch performs; as shown, the 
switch is in the de-energized or normally open state. 
Referring now to the drawings wherein like numerals 

refer to like and corresponding parts throughout the 
several views, the novel switch disclosed therein to il 
lustrate the invention comprises, a switch body 1 exhib 
iting electrical insulating properties having a piston 
slide chamber line with a receiver lining 11, an insu 
lated lining 17, which electrically separates the receiver 
lining 11 and piston lining 21 and ?nally another insu 
lated lining 26 which electrically separates the piston 
lining 21 from the spring 27 and ball bearings 28. The 
cylinderical cavity formed by linings ll, 17, 21 and 26 
constitute‘ a chamber 9A to house and provide a 
contact surface for the piston 19 to rotate and slide on. 
At present, it is conceived that the piston lining 21 is 
constructed of a material that exhibits good conductiv 
ity and polished surface to reduce friction, in addition 
to being of sufficient hardness to sustain repeated oper 
ations. 
The receiver section 3 is chambered to fit the piston 

19 when fully engaged, stops 9 are constructed to seat 
the slidable piston 19. The minimum thickness of the 
walls of the receiver 3 is selected to be adaptable to ac 
cept internal mounted threads 4 and 5. These threads 
4 and 5 are tapped to a minimum depth resembling ri 
?ing and having a screw pitch to rotate the piston ap 
proximately three-quarters of a turn for full engage 
ment of the piston 19. Upon powering of the coil 8, the 
magnetic ?eld generated thereby surrounds the contact 
surfaces and causes the piston 19 to move into the re 
ceiver 3.'This moves the switch from the normally open 
position established by the spring assembly 27 to the 
actuated closed position. In the normally closed posi 
tion, the engagement of the threads 12 and 13 imparts 
a rotary force on the piston 19 and also provides the in 
itial electrical contact between terminals 7 and 34. The 
point 10 of the piston 19 has been chosen as a conve 
nience, and it may be constructed in the shape of a 
semi-circle if so desired; however, when the piston 19 
is fully engaged with the receiver 3, the displacement 
of the resistance section 14 that protrudes into the 
chamber 2 is at a minimum. FIG. 2 exemplifies the 
front view of the switch taken from line A-A which 
depicts the exterior outline of the switch body 1; it was 
conceived to be circular, however, it is obvious that 
other types of exterior frames for the switch body are 
adaptable. The walls of the insulated switch body 1 was 
envisioned to be of minimum thickness with sufficient 
strength to house the internal parts of the switch. FIG. 
3 details the receiver lining 11 showing the circular de 
sign contact surface when formed into a cylinder and 
inserted into the receiver 3. FIG. 4 shows an expanded 
view of the receiver lining ll speci?cally the uniformly 
spaced cutouts 37 which allows the ?ngers 37A to as 
sume a prescribed curvature 36A as shown in FIG. 5, 
which applies a spring force against the piston 19 when 
compressed during closure of the switch. A right angle 
bend l6 and triangular cutouts 16A seen in FIG. 5 de 
notes the method in which the receiver lining 11 is an 
chored to the receiver section 3 and the other bevel 
end 36 remains free to move when compressed. 
A composite cross-sectional view of the piston 19 is 

seen on FIG. 6 delineating the four sections of the as 
sembly. The threaded shaft 20 essentially is universal to 
all four sections 14, 18 19A and 23; in addition, it func 



3,832,505 
5 

tions as an electrical conductor which connects the re 
sistance section 14 to the piston body 19A. Each sec 
tion and lock-nut 32 is threaded on the shaft in the 
counter clockwise direction, that is, if the piston 19 and 
assembly rotate clockwise. A lock-nut 32 secures the 
sections on the shaft 20 to insure that the sections of 
the piston 19 from rotating loose. Each section of FIG. 
6 that needs clari?cation is detailed in a cross-sectional 
view as shown on FIG. 7 line B—-B and FIG. 8 line 
C-C. The resistance section 14 shown on FIG. 7 con 
sists of a good conductive metal jacket 15, machined or 
polished to a smooth ?nish to reduce friction as much 
as possible, covers a molded resistive material 37 de 
posited on a metallic hollow shaft 38 threaded inter 
nally. An insulator 18 is presently conceived to be con 
structed of te?on or other machinable material, will ex 
hibit a hollow shaft threaded 18A; thus allowing the 
shaft 20 to be threaded through the insulator 18. The 
conical shaped insulator 18 has the characteristics of 
elasticity to absorb shock of the piston 19 abutting it 
self against the stops 9 in the normally closed position. 
The body of the piston ,19A is envisioned to be con 
structed of a lightweight metal of good conductivity 
and possess a smaller diameter than the rear of the pis 

‘ ton 23 which is in contact with the piston conductor 21 
as seen in FIG. 1. Consequently, this reduced diameter 
of the piston 19A allows no electrical contact with the 
piston conductor 21; however, its function is to make 
a physical and electrical contact with the receiver lin 
ing 11. A cutout 22 exists between the piston body 19A 
and the rear section 23 to separate the two sections 
19A and 23 from the receiver section 3 and piston con 
ductor 21 to prevent an electrical short circuit during 
closure of the switch. The rear of the piston 23 is con 
structed to have ‘a smooth ?nish and close tolerance 
and of suf?cient width to handle the power being 
switched. 

In order to insulate the piston 19 from the spring 27 
as seen on FIG. 1, item 24, which retracts the piston 19 
to the normally open state, a te?on or other machin 
able material is constructed as shown on FIG. 14. One 
hole 46 is drilled through the center of the insulator 24 
to accept the threaded shaft 20 and the other hole 47 
is drilled approximately half-way through the rear of 
the insulator 24 to allow the lock-nut as seen on FIG. 
6 to be recessed. A spring retainer chamber 25 is pro 
vided to seat the spring 27 which is retained by stops 
48. A front view seen from FIG. 15 denotes the circular 
nature of the insulator 24 and the related cut-outs; in 
addition, the diameter of the insulator 24 is designed to 
have a smaller diameter than the rear of the piston 
body 19A which reduces the friction against the piston 
conductor 21. 
The rear spring assembly as seen in FIG. 1, is detailed 

on FIG. 16 and FIG. 17 consists of an assembly of dif 
ferent parts 27, 28, 29, 30, 31 and 35 designed to pro 
vide access to the internal mechanisms of the switch 
and a freedom of movement for the piston 19. The rear 
of the spring assembly as seen on FIG. 16 is attached 
to the switch body 1 which has the same diameter 31, 
by captive screws placed around the circumference. 
Other related parts seen in FIG. 16 provide a prospec 
tive view of the shape of the spring assembly. An en 
larged detail view of the spring assembly seen on FIG. 
17 details each part of the assembly for clari?cation. 
The major housing 31 for the spring 27 is constructed 
of a strong insulated chamber 31A to receive the spring 

5 

25 

30 

40 

45 

65 

6 
retainer 29 and ball bearings 28 on which the spring re- . 
tainer revolves on. I-Ioles are drilled and counter-sunk 
30 to allow the captive screws to seat properly, only 
four are shown, if a hermatical seal is desired, a gasket 
and additional screws will be required. The spring 27 
at present has been envisioned to be anchored to the 
spring retainer 29 by attaching bolts 35; however, this 
method does not preclude the fact that the spring 27 
and ball bearings 28 cannot be molded together as one 
piece with the retainer 29. As seen on FIG. 16, the 
spring retainer has a smaller diameter than the cham 
ber 31A; thus, suf?cient space is provided for freedom 
of movement of the spring retainer 29. A number of ' 
ball bearings 28 are placed around the circumference 
of the spring retainer 29 to reduce the friction during 
rotation of the piston 19. These ball bearings 28 are re 
tained by the seats 50 which is a pivoting point. 
Seen on FIG. 1 are two terminals 7 and 34 which are 

connected to the Direct Current circuit to be con 
trolled and welded to the receiver lining 11 and piston 
conductor 21, respectively. The Direct Current and 
Voltage capacity being switched governs the physical 
size of the overall switch conduits and passive ele 
ments. It is obvious that the difference in the current 
and voltage capacity of the switch determines the pas 
sive resistance value 37 of the piston 19; that is, a high 
DC current would require more resistance than a low 
current switch. The switch envisioned does not prede 
termine which polarity is connected to each terminal; 
however, when a semiconductor is selected as a passive 
element, the direction of Direct Current ?ow will have 
to be considered. The power to the relay coil 8 can be 

' transmitted through conduits connected in any feasible 
con?guration that is acceptable during manufacturing. 

Another feature of this invention is the adaptability 
of the switch to provide a number of different con?gu 
rations to suit the load that it controls. The modi?ca 
tion of the piston 19 seen on FIG. 13 allows the selec 
tion of different passive elements which can be at 
tached to the main body of the piston 198. The shaft 
45 as seen on FIG. 13 has been envisioned to be con 
structed with suf?cient reversable threads 45A to pro 
trude out from the piston body 198 to accept the ele 
ments seen on FIG. 10, FIG. 11 and FIG. 12. An induc 
tance 41 spot-welded 42 between two metallic reverse 
threaded terminals 39 as seen on FIG. 10 represents 
one option that can be attached to the shaft 45 as seen 
on FIG. 13. Similar to FIG. 10 another option that can 
be selected is seen on FIG. 11 and FIG. 12; in FIG. 11, 
a capacitance 43 is attached between two terminals 39, 
and also seen on FIG. 12, a semi-conductor diode 44 
is inserted between two terminals 39. It is obvious that 
the position of the diode can be reversed if so desired 
during manufacturing. Finally, to complete the piston 
19, a resistance section, as seen on FIG. 9, line B—B, 
is constructed with a reverse threaded shaft 40 which 
is imbedded and secured in the resistance material 37. 
The resistive section 14 is attached to the conical insu 
lator 18 as seen on FIG. 8 or other similar passive ele 
ments. 

An electrical schematic as seen on FIG. 18 describes 
the mechanical action that is internally taking place 
within the switch. A DC power supply represented “E” 
connected as seen on FIG. 18 provides power through 
the resistance and whichever passive element to the 
load. When the relay coils 8 are energized, the piston 



3,832,505 
7 

19 makes initial contact with the receiver 3 which al 
lows current to ?ow through points “C” and “G.” Full 
engagement of the piston 19 in the receiver 3 shorts out 
the passive elements connected between “C” and “D” 
which is simulated by the closure of switch “F.” With 
drawal of the piston 19,‘ simulating the opening of the 
switch “F” allows the current to flow through points 
“C” and “G” before the circuit is opened. Seen on FIG. 
18 are electrical schematics of passive elements that 
can be substituted between points “C” and “D;” thus, 
providing a means to tailor the time constant of the 
switch to the time constant of the load. 
Having described the invention, what is claimed is: 
l. A switch comprising a switching housing consisting 

of two cylindrical halves exhibiting the electrical prop 
erties of an insulator sealed together to form a cavity 
therein, a slidable rotating piston mounted therein, a 
relay coil surrounding said switch housing, said cavity 
being disposed at one end to receive said piston and 
provide sufficient head space therefor and at the other 
end to have ?xedly mounted a spring assembly, said 
cavity section further comprising a receiver which be 
comes one contact of the switch, said receiver being re 
duced at one end and threaded to accept said piston 
during full engagement, said receiver includes a metal 
lic lining enclosing the inner circumference thereof and 
extending to the said reduced section of the receiver, 
said lining having the characteristics of expansion and 
contraction during normal operation of the said switch, 
a conductive lining cylindrically disposed about the pis 
ton part of said cavity, an insulated strip lining the cir 
cumference of the said cavity and placed in between 
said receiver, lining and piston lining, the said piston 
lining being cylindrical in shape and lining the internal 
circumference of said cavity while maintaining contact 
with said piston on which it slides and rotates, another 
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8 
insulated strip lining the circumference of the said cav 
ity to electrically insulate said piston lining from the 
spring assembly, an insulated cover providing access to 
the internal mechanisms of the said switch and addi 
tionally housing the said springassembly, said insulated 
cover being secured to said insulated housing by cap 
tive screws placed around the circumference of the cyl 
inder, the said spring assembly consisting of a insulated 
spring retainer and mounting hardware which secures 
the spring, the other ends of the said spring being at- ‘ 
tached to an insulated spring holder mechanically se 
cured to the said piston by appropriate hardware, said 
piston consisting of a resistance section, insulator sec 
tion, piston body section and spring holder section, and 
including a threaded shaft centrally disposed on said 
piston to secure said sections, said resistance section of 
the said piston being threaded to mate with said re 
ceiver thereby simulating a locking effect which pre 
vents contact bounce, and access terminals welded to 
said receiver andsaid piston conductor, respectively, to 
which the load is connected. I 

2. A switch according to claim 1 in which said insula 
tor section is constructed in two pieces, one piece being 
constructed as part of said resistance section and the 
other piece mounted in said piston, both pieces being 
attached to opposite ends of said insulator section con 
taining no passive element, so that in operation the pis 
ton will insert a resistance in series with the circuit in 
the normally closed state. 

3. A switch according to claim 2 in which said insula 
tor section contains an inductance. 

4. A switch according to claim 2 in which said insula 
tor section contains a capacitor. 

5. A switch according to claim 2 in which said insula— 
tor section contains a semi-conductor diode. 

* >l< * * * 


