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()SQILLATOR PROXUWITY DETECTOR WITH 
REMOVABLE INTERCIIANGEABLE SENSING 

HEADS 
This invention relates to electric proximity detectors 

or switches for detecting the presence or absence of 
electrically conductive objects, and more particularly. 
to a proximity switch having interchangeable sensing 
heads arranged to be removably mounted on a basic 
switch unit or to be positioned at a location remote 
from the basic switch unit as desired. 

Proximity detectors or switches are devices having 
an output state determined by the presence or absence 
of electrically conductive material proximate to a 
sensing coil of the device. A known form of proximity 
switch comprises a sensing coil forming part of an oscil 
lator, a detector which responds to changes in am 
plitude or phase of the current in the oscillator result 
ing from a change in the electrical condition of the 
sensing coil, an output unit which translates signals 
from the detector into information recognizable by 
equipment controlled by the proximity switch, and a 
power supply to feed the foregoing switch components. 
Such a proximity switch is disclosed, for example, in 
U.S. Pat. No. 3,521,184, issued to Anthony J. Bowker 
on July 21, 1970. The switch of the prior patent, how 
ever, has only one size of sensing coil and it is in fixed 
position within the basic switch unit. It is desirable to 
have several different interchangeable sensing heads 
each containing a sensing coil of selected size thereby 
to provide a wide variation in sensitivity, which in 
creases with increasing coil size, and to be able to posi 
tion the sensing heads either locally in one or more 
positions on the basic switch unit or remotely at loca 
tions remote from the basic switch unit. It is also desira 
ble to have sensing heads of different shapes to 
facilitate the positioning thereof at the region to be 
sensed. 

.In accordance with the present invention, there is 
provided a proximity switch using transformer action to 
energize either local or remote sensing heads of dif 
ferent shapes and which may include sensing coils of 
different sizes. Because of the transformer coupling, 
there can be complete physical isolation between the 
sensing coil and the associated switch circuitry. Such 
complete physical isolation simpli?es the protective en 
closure for the basic switch unit by eliminating the need 
for a cable entry from a remote sensing head. There is 
also electrical isolation between the basic switch unit 
and the sensing head. This eliminates the need for an 
isolation transformer in the power supply for the 
switch. 
The transformer coupling of the present switch is 

such that there is an inherent limitation in the amount 
of energy which can be transformed from the basic 
switch unit to a coupling coil of a coupling unit and, 
hence, to the sensing coil of-a sensing head. This is of 
advantage when the switch is used in explosive at 
mospheres. 

Further, the body of the basic switch unit is so 
designed that different sensing heads, each including a 
transducer sensitive to an external stimulus, may be 
readily interchanged and either mounted on the 
coupling'unit locally in different relative positions with 
respect to the basic switch unit or positioned remotely, 
thus allowing a standardized switch to ful?ll a wide 
range of applications merely by the substitution of dif 
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2 
ferent sensing heads to respond to different external 
stimuli, such as changes in temperature, light intensity, 
capacitance or inductance. The basic switch unit may 
also be used as a proximity detector without a separate 
sensing head. ‘ 

Other objects and advantages of this invention will 
become apparent from the following speci?cation 
wherein reference is made to the drawings, in which: 

FIG. 1 is a schematic view partly in block form show 
ing a proximity switch in accordance with this inven 
tion including a local sensing head; 

FIG. 2 is a fragmentary schematic view of the prox 
imity switch of FIG. 1 including a remote sensing head; 

FIG. 3 is a rear end view, before encapsulation, of a 
coupling member forming part of a proximity switch in 
accordance with this invention and showing a portion 
of a relatively large sensing head; 

FIG. 4 is a sectional view taken generally along the 
line 4-4 of FIG. 3, with the coupling member attached 
to a switch unit; 

FIG. 5 is a top view of a proximity switch in ac 
cordance with this invention showing the relatively 
large sensing head mounted at the top thereof; 

FIG. 6 is a side view of the switch of FIG. 5; 
FIG. 7 is an end view of the switch of FIG. 5; ’ 
FIG. 8 is a view similar to FIG. 6 showing the rela 

tively large sensing head mounted at an end face of the 
switch instead of at the top; 

FIG. 9 is an end view of the relatively large sensing 
head of FIGS. 3 to 8 with part of a cover broken away; 

FIG. 10 is a sectional view taken generally along the 
line 10-10 of FIG. 9; 

FIG. 11 is a perspective view of the limit switch of 
FIGS. 5 to 8 including a connecting plug for a coaxial 
cable leading to a relatively large remote sensing head; 

FIG. 12 is a sectional view of a detail of the relatively 
large remote sensing head of FIG. 1 1; 

FIG. 13 is a perspective view of the connecting plug 
of FIG. 11 and a relatively small remote sensing head; 

FIG. 14 is a sectional view of the relatively small 
remote sensing head taken generally along the line 
14- 14 of FIG. 13; 
FIG. 15 is a sectional view of the connecting plug 

taken generally along the line 15-15 of FIG. 13', and 
FIG. 16 is a schematic view similar to FIG. 1 and 2 

showing a pair of remote sensing heads so connected 
that the proximity switch performs a logic function. 

Referring to FIG. 1, a basic proximity switch unit 10 
in accordance with this invention comprises an oscilla 
tor 11 supplied from a supply source indicated as a 
supply cable 14 and including a sensing coil 11a sensi 
tive to electrically conductive objects proximate 
thereto. The oscillator 11 feeds a detector 15, and 
signals from the detector 15 control an output unit 16 
which is supplied from the cable 14 through a dc—-dc 
converter 18. The sensing coil 11a is wound on a mag 
netizable core 1%. The foregoing components are en 
closed within an enclosure 20 having an opening for an 
output cable 21 leading from the output unit 16. The 
basic switch unit such as the unit 10 shown diagram~ 
matically in FIG. 1 is fully described in U.S. Pat. No. 
3,521,184, supra. As explained in the patent, a change 
in the electrical condition of the coil 11a causes a 
change in an output signal in the output cable 21. 
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The switch unit 10 is arranged to removably mount a 
coupling member 22 comprising an enclosure 24, a 
magnetizable core 19b, a transformer or coupling coil 
25 wound on the core 19b, and a capacitor 26 con 
nected in parallel with the coil 25. The cores 19a and 
19b are so arranged that when the coupling member 22 
is mounted on the switch unit 10 their pole faces are in 
juxtaposed relationship to form a transformer 19 hav 
ing a magnetic path of relatively low reluctance. 
The coupling member 22 is arranged to removably 

mount a sensing head 28 which, in the embodiment il 
lustrated, comprises and enclosure 29, a magnetizable 
core 30, and a sensing coil 31 wound on the core 30. As 
shown, the coils 25 and 31 are connected in a loop cir 
cuit with each other. 

Referring now to FIG. 2, a connecting plug 32 in 
cluding an enclosure 34 is shown as mounted on the 
coupling member 22 in place of the sensing head 28 of 
FIG. 1. The connecting plug 32 serves to connect the 
terminals of the coil 25 respectively to an inner con 
ductor 35a and an outer conductor 35b of a coaxial 
cable 35 extending through an opening in the enclosure 
34. The other end of the coaxial cable 35 enters an en 
closure 36 of a remote sensing head 38 wherein the 
inner and outer conductors 35a and 35b of the cable 35 
are connected respectively to the terminals of a sensing 
coil 40 wound on a magnetizable core 41. 

It will be apparent from FIGS. 1 and 2 that any elec~ 
trically conductive object brought near the core 30 or 
the core 41 will change the electrical condition of the 
coil 11a thereby to cause an increase in the losses in the 
tank circuit Ila-11 causing the control components of 
the basic switch unit 10 to alter a signal in the output 
cable 21 as explained more fully in U.S. Pat. No. 
3,521,184, supra. 
The coil 25 and core 19b together with coil 31 and 

core 30 (or coil 40 and core 41) constitute a load on 
the tank circuit lla-ll and the capacitor 26 serves to 
reduce this load by tuning the coils 25 and 31 (or 40) 
and thereby improve the response of the detector. 

In the remaining ?gures of the drawings wherein 
physical embodiments of the invention are shown, parts 
corresponding to the parts shown schematically in 
FIGS. 1 and 2 are referred to by the same reference 
characters. 

Referring now to FIGS. 3 and 4, the coupling 
member 22 comprises a molded insulating block 42 
positioned within the housing 24 and provided, in a 
thickened upper portion 45, with a pair of laterally 
spaced, rearwardly opening recesses 46 which receive a 
pair of L-shaped terminals 48. The housing 24 is 
preferably an open-ended rectangular tube made of 
non-magnetizable metal. Each of the terminals 48 has 
an upwardly directed threaded socket 49 accessible 
through a respective one of a pair of aligned openings 
50in the upper portion 45 of the block 42 and a respec 
tive one of a pair of aligned openings 51 in a top wall 52 
of the housing 24, and a forwardly directed threaded 
socket 53 accessible through respective one of a pair of 
aligned openings 54 in the block portion 45. 

In FIGS. 3 and 4, the sensing head 28 is shown 
mounted on the top of the coupling member 22 as 
shown also in FIGS. 5, 6, and 7, and is hereinafter con 
sidered to be a relatively large sensing head. Two prong 
terminals 56 (see also FIGS. 9 and 10) of the sensing 
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4 
head 28 are received respectively in the sockets 49 0f 
the terminals 48 and are secured by set screws 58 
threaded into the respective sockets 53. Outer end 
faces of the set screws 58 are covered by respective 
non-metallic sealing screws 59 having large head por 
tions disposed respectively within the openings 54. The 
sensing head 28 is further secured in position by a 
screw 60 passing through a central opening 61 therein 
(see FIGS. 9 and 10) and received in a threaded open 
ing in an upper insert 62 exposed through an opening in 
the wall 52 and retained in the block 42. 

It will be apparent that the sensing head 28 can alter 
natively be mounted on the front face of the coupling 
member 22, as indicated schematically in FIG. 1 and 
shown in FIG. 8, with the prong terminals 56 received 
respectively in the sockets 53 and held by the set 
screws 58 threaded into the respective sockets 49, the 
screws 58 being covered by the sealing screws 59, and 
with the screw 60 received in a threaded opening in a 
front insert 63 retained in the block 42. 
The core 19b, which is mounted on the rear of the 

block 42, is generally cylindrical with four peripherally 
spaced slots and de?nes an annular coil space which 
receives the coil 25. The opposite ends of the coil 25 
are connected respectively to the L-shaped terminals 
48 which may have respective depending prong con 
nectors 48a for this purpose. The capacitor 26 is also 
connected across the prong connectors 48a as in 
dicated. 

After the parts within the housing 24 are assembled 
as shown in FIGS. 3 and 4, the rear-end portion of the 
housing 24 is ?lled with a suitable insulating material 
such as an epoxy resin which covers the pole faces of 
the core 19b, the coil 25, the rear faces of the terminals 
48 and the capacitor 26, and which retains the core 
19b, the coil 25, and the capacitor 26 in position. 
A pair of mounting holes 65 extending through 

diagonally opposite corners of the coupling member 22 
receive screws 66 (FIGS. 7 and 11) which thread into 
inserts, not shown, positioned behind a plastic cover 
portion 20a of the enclosure 20 in the basic switch unit 
10 to removably secure the member 22 to the switch 
unit 10. As shown most clearly in FIG. 4, the annular 
core 19b of the coupling member 22 is aligned with the 
annular core 19a of the switch unit 10 when the unit 10 
and the member 22 are secured together, it being un 
derstood that the core 19a is slotted as the core 19b and 
that the slots of one are in alignment respectively with 
the slots of the other. 

Referring now to FIGS. 9 and 10, the housing 29 of 
the relatively large sensing head 28 comprises a cylin 
drical tubular portion 290 and a cover 29b, both 
preferably being of non-magnetizable metal. The core 
30 de?nes an annular coil space which receives the coil 
31 and ?ts snugly within the housing portion 29a with 
the outer end portions of its inner and outer poles 30a 
and 30b extending forwardly from the housing portion 
29a. The core 30 has an axial opening 30c for receiving 
the mounting screw 60 and four peripherally spaced 
slots 30d similar to the slots in the cores 19a and 19b. 

Received respectively in the upper two of the slots 
30d as viewed in FIG. 9 are two coil terminals 67 each 
having an axial portion 67a to which a respective one of 
the two ends of the coil 31 is electrically secured and a 
radial portion 67b having a widened portion 670 to 
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which a widened inner end portion 56a of one of the 
prong terminals 56 is secured as by a screw 68. I 
A knockout indicated by broken lines at 69 in FIG. 9 

and containing the opening 61 has been removed from 
the central portion of the cover 29b in FIG. 10 to pro 
vide an enlarged opening 70 for passage of the ter 
minals 56 and the screw 60. A smaller circular 
knockout 71' for a purpose to be described is formed in 
the housing portion 29a near a locating nib 72 on the 
cover 29b. A pair of locating projections 74 on the 
cover 29b engage the sides of the coupling unit 22 
when the sensing head 28 is mounted thereon, or may 
be received in complementary recesses in a mounting 
surface (not shown) when the sensing head 28 is used 
as a remote sensing head. , 

After the parts of the sensing head 28 are assembled 
within the housing 29, the housing is filled with epoxy 
and the epoxy is molded to form a cover 75 over the 
protruding portions of the core 30 and the coil 31 or a 
separate molded cover may be used. 
When a relatively large sensing head is to be used 

remotely as shown in FIG. 11, the sensing head 28 may 
be modified to form the head 38. The knockout 71 in 
stead of the knockout 69 is‘removed to permit entry of 
the coaxial cable 35. For remote use, the terminals 56 
shown in FIG. 10 are omitted as indicated in FIG. 12 
and connection is made from the inner and outer con 
ductors 35a and 35b of the cable 35 directly to the coil 
terminals 67 by means of the screws 68. The other end 
of the cable 35 in FIG. 11 is connected to the coil 25 of 
the coupling member 22 by the connecting plug 32. 
The connecting plug 32, shown best in FIG. 15 com 

prises a block 32a molded of insulating material having 
a pair of prong terminals 76 extending from one end 
and connected respectively internally of the block 32a 
to the inner and outer conductors 35a and 35b of the 
cable 35 which enters the block at the opposite end. 
The prong terminals 76 are electrically connected to 
the terminals of the coil 25 of the coupling member 22 
when they are respectively received in the sockets 49 
or 53 and secured by the set screws 58 as in the case of 
the sensing head 28. An opening 78 through the block 
32a is provided for a mounting screw which may be 
threaded into either of the inserts 62 or 63. The block 
32a corresponds to the enclosure 34 of FIG. 2. 
Although each of the sensing heads 28 and 38 may 

be made in various sizes, they may be considered to be 
relatively large as hereinbefore explained. Referring 
now to FIG. 13, a relatively small remote sensing head 
80 is shown connected to the connecting plug 32 
through the coaxial cable 35. The relatively small 
remote sensing head 80 comprises a non-magnetizable 
tubular metal enclosure 83 (FIG, 14) having a mag 
netizable core 84 secured atone end portion and en 
closing a coil 85 connected to inner and outer conduc 
tors 35a and 35b of the cable 35. The cable enters the 
enclosure 83 at the opposite end from the core 84 and 
is secured against retraction by a wire retainer. The 
wire retainer comprises an inwardly protruding portion 
88a of a non-metallic closure plug 88 which fits snugly 
into the enclosure 83 and covers the pole faces of core 
84. As shown in the drawing, the inner wire 35a of the 
cable 35 is received through an opening in the protrud 
ing portion 88a. The other end of the housing 83 is 
closed by a bushing 89. 
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Although the cores 19a, 19b, 30, 41, and 84 may be 

made from any suitable magnetizable material, they are 
preferably of ceramic material. 

Although the L-shaped terminals 48 are shown with 
depending prong connectors 48a these may be omitted, 
the coil and the capacitor 26 being connected directly 
to the terminals 48. 

It is to be understood that sealing gaskets may be 
used where necessary, for example, between the 
coupling member 22 and the sensing head 28. 
When it is desired to have the proximity switch pro 

vide a logic function, such as an OR or AND function, 
two or more of the remote sensing heads such as the 
heads 38 may be connected in series or parallel with 
each other by means of a four-way terminal block 90 as 
indicated in FIG. 16 which shows the connection for an 
OR function. The coaxial cable 35 extends from the 
connecting plug 32 to the terminal block 90 and coaxi 
al cables 91 and 92 extend from the terminal block 90 
to the remote sensing heads 38, respectively. 
When it is desired to have the proximity limit switch 

perform an AND function, the connections inside of 
the terminal block 90 may be changed. 
The switch 10 with its coupling unit 22 can be used 

for purposes other than detecting the proximity of con 
ductive material, by using them in conjunction with 
sensing heads containing other forms of transducer in 
stead of the sensing coil 40 or 31. 

It is merely necessary to select component values so 
that the oscillations in the tuned tank circuit Ila-ill 
are damped as a result of a change in the electrical state 
of the transducer. Thus, for example, the sensing head 
could comprise a thermistor to detect a temperature 
change, or a photoconductive cell to detect a light 
source. Similarly changes in capacitance or inductance 
could be detected. 

I claim: . 

1. An electrical proximity switch comprising an en 
closed switch unit including a ?rst sensing coil sensitive 
to electrically conductive objects proximate thereto 
and means responsive to changes in the electrical con 
dition of the first sensing coil to provide an output 
signal, the ?rst sensing coil being wound on a mag 
netizable core, a coupling member including an enclo 
sure having disposed therein a coupling coil wound on 
a magnetizable core, means for removably mounting 
the coupling member on the switch unit with the 
coupling coil in inductive relationship with the ?rst 
sensing coil, a sensing head including an enclosure hav 
ing disposed therein a second sensing coil sensitive to 
electrically conductive objects proximate thereto and 
wound on a magnetizable core, and means for 
removably mounting the sensing head on the enclosure 
of the coupling member selectively in more than one 
position with respect thereto with the second sensing 
coil connected in a loop circuit with the coupling coil, 
whereby a ‘change in the electrical condition of the 
second sensing coil causes a change in the electrical 
condition of the ?rst sensing coil. 

2. A proximity switch in accordance with claim 1 
wherein said means for removably mounting the 
sensing head on the enclosure of the coupling member 
selectively in more than one position with respect 
thereto comprises a pair of intersecting threaded 
openings in said enclosure of the coupling member, 
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prong means on said sensing head for insertion selec 
tively into said openings, and fastening means 
threadably insertable selectively into said openings, the 
fastening means being threadably inserted into one of 
said openings to engage said prong means when the 
prong means is inserted into the other of said openings. 

3. A proximity switch in accordance with claim 1 in 
cluding a relatively large sensing head, a relatively 
small sensing head, and means for selectively and in 
terchangeably mounting said sensing heads on said en 
closure of the coupling member. 

4. An electrical proximity switch comprising an en 
closed switch unit including‘a first sensing coil sensitive 
to electrically conductive objects proximate thereto 
and means responsive to changes in the electrical con 
dition of the ?rst sensing coil to provide an output 
signal, the first sensing coil being wound on a mag 
netizable core, a coupling member including and enclo 
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8 
sure having disposed therein a coupling coil wound on 
a magnetizable core, means for removably mounting 
the coupling member on the switch unit with the 
coupling coil in inductive relationship with the first 
sensing coil, a relatively large sensing head and a rela 
tively small sensing head each including an enclosure 
having disposed therein a sensing coil sensitive to elec 
trically conductive objects proximate thereto and 
wound on a magnetizable core, and means for selec 
tively and interchangeably mounting said sensing heads 
on the enclosure of the coupling member with the 
sensing coil of the mounted sensing head connected in 
a loop circuit with the coupling coil, whereby a change 
in the electrical condition of the sensing coil of the 
mounted sensing head causes a change in the electrical 
condition of the first sensing coil. 


