
GENERAL INFORMATION

Induct ive Proximity Switches operate by us ing an L/C resonant osc i l lator

which generates, with the aid of a coil  located in the open pot core, a high 

frequency a l ternat ing e lectromagnet ic  f ie ld .  This  f ie ld emerges f rom the 

active face of the switch.

When an electr ical ly conductive material  ( for example a steel  plate)moves

into the e lectromagnet ic  f ie ld ,  an induced eddy current  occurs .This  eddy 

current  ext racts  energy form the L/C resonant  c i rcu i t  in  the  swi tch ,  and 

produces  a  reduct ion in  the  osc i l la t ion ampl i tude .  Th is  reduct ion in  the  

amol i tude is  conver ted by the associated e lectronic  c i rcuitr y  into a c lear

electronic signal ,  and changes the state of the switch.

When the electrical ly conductive material  is removed from the alternating 

f ie ld  the osc i l la t ion ampl i tude increases  which ,  by way of  the e lectronic  

circuitr y,  wil l  restore the switch to the original unswitched state.

The normal operating distance is defined as the distance between the detector and the target when the change(switching) in the logic state of the 

proximity switch occurs .  This  distance and the tests  associated in obtaining this  distance are out l ine in CENELEC EN 50010 Standards .  From this  

standard the target  for  establ ishing Normal  Operat ing Distance is  an i ron (Fe 360)  square 1 mm thick ,  and for  cy l indr ica l  switches ,  the s ize is  as  

showen in Table 1.  The normal sensing distance Sn and Sr,  Su, Sa information see Fig.2 .  

When using inductive proximity switches with non-ferrous metals it  is nescessary 

to apply a correction factor to the operating distance (sensing range),  see Table 2.

Sensing area

L/C circuit

Trigger circuit

Output

Block Diagram - Inductive Switch
Fig.1

Table 1:  Actuator dimensions as funct ion of  the 

diameter and of  the operat ing distance

Table  1

Diameter (mm) Sn

0%

 1

 2

 2

 4 

 5

 8 

10

15 Sn = nominal  sensing distance
Sr = effect ive operat ing distance
       0.9 Sn <= Sr <= 1.1 Sn
Su = useful  sensing distance 
       0.9 Sr <= Su <= 1.1 Sr
Sa = operat ing zone 
       0 < Sa <= 0.9 x 0.9 x Sn

Fig.2 121%
110%
100%
90%
81%

Correction Factor:

Non-ferrous metal                    Factor

Fe 360                                     1

Aluminum                                 0.35-0.45

Brass                                       0.35-0.5

Copper                                     0.25-0.45

Stainless Steel                         0.6-1.0

Cast lron                                  0.93-1.05

Nickel                                       0.65-0.75

(Table 2)

 8X8x1

 8X8x1

12X12x1

12X12x1

18X18x1

24X24x1

30X30x1

45X45x1

 8

 8

12

12

18

18

30

30

Sa

SuSrNominal  d istance

   SN (mm)
Fe 360 actuator

        (mm)

Normal operating distance

Inductive proximity sensor

Correction Factor
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GENERAL INFORMATION

ON point

Target moving direction

OFF point

Target moving direction 

Diameter of sensing face (D)

(Fig. 3)

0.6

0.4

0.2

0.81 0.6 0.4 0.2 0 0.2 0.4 0.6 0.8 1 (mm)

Sensor response curve  (Fig.3)

Repeatabi l i ty

Shielded & Non-shielded

Target moving direct ion (mm)

SHIELD SHIELD

FERRITE FERRITE
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GENERAL INFORMATION 

Maximum torque for proximity sensor threads in Nm:

These values are based on using the nuts supplied with 

the sensors.

For metal housing :

For plastic housing :

M5              1.5Nm        (Stainless steel)

M8               10Nm        (Stainless steel)

M12             10Nm        (Brass)

                    30Nm        (Stainless steel)

M18             20Nm        (Brass)

M30             40Nm        (Metal)

M12               1Nm        (POM)

M18            1.5Nm        (POM)

M30            1.5Nm        (POM) 

Max. 20Nm

(Flush/Quasi-flush mounting)

d D2 D3d

D
1

d D2 D3

D
1

d

Opposite Mounting

D4

d d

d

 Product is instal led in metal  mater ia l

   f lush mounting

non-flush mounting

opposite mounting

  f lush mounting

non-flush mounting

opposite mounting

 f lush mounting

non-flush mounting

opposite mounting

D1

D1

D1

D1

D1
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GENERAL INFORMATION
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Hysteresis

Leakage current

Load impedance

Hystersis is the travel of the target between the "switch-on" point and the "switch-off" point. This distance is required to allow the switch to properly detect the target, 

and reduces the possibillity of false trips. See the Fig.4and Fig.5.

A leakage current flows through the proximity switches even when the output is turned off. Because of this the voltage remaining in the load may result in 

accidental operation or chattering, depending upon the load. If this occurs, connect a bleeder resister parallel to the load in order to decrease the residual voltage 

across the load.See Fig.6.

 

Instead of a maximum output current,  a minimum load impedance may be specif ied.

A minimum load of 120 Ohms e.g. Translates into a maximum output current of 100mA at 12V or 200mA at 24V.On the other hand, i f  the maximum 

output current is 200mA, the lowest acceptable load impedance at 24V is120 Ohms.

Moving direction

OFF point

ON point

Switching distance

Hysteresis

Trigger curves

Proximity switch

Fig.4

OFF point ON point

Hysteresis

Switching output

Fig.5

Bleeder resistor

LOAD
Vs

I (mA)
Power source

P >

Vs - 3.6

5(mA) -1 (mA)

Vs

5(mA) -1 (mA)

Vs²
R

×0.001(w)

DC 2-WIRE type

AC 2-WIRE type

Fig.6
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GENERAL INFORMATION 

Short  c i rcui t  protect ion
Pulsing shor t circuit protection.In case of overload or shor t circuit ,the

output transistor is rapidly switched on and off.This tests whether the

shor t has been removed or not.

See Fig.7.

Switching frequency,maximum
This frequency indicates the maximum number of pulses per second,

this for an on/off ratio of 1:2 and at one half the nominal switching 

distance sn.

See Fig.8.

Temperature dr i f t  of  Sn

The switching distance is specif ied for an ambient temperature of 20

of ambient temperature.

See Fig.9.

Ripple content,maximum

    Uss
     Ud

W=     X100(%)

Too much ripple content causes an undefined switching behaviour.

Remedy:increase the smoothing capacitor or use a stabil ized power

supply.

Protect ion c lass

The international electrotechnical commission(IEC)has defined a classif ication system for specifying the enclosures of electrical equipment on the

basis of the degree of protection(IP)provided by the enclosure.The standard includes two characterist ic numerals which fol low the letters IP,and are

defined as fol lows.

1st Character ist ic Numeral
1 protection against sol id objects greater than 50 mm

2 protection against sol id objects greater than 12 mm

3 protection against sol id objects greater than 2.5 mm

4 protection against sol id objects greater than 1 mm

5 dust protected

6 dust t ight

2nd Character ist ic Numeral
1 protection against dripping water

2 protection against dripping water when ti lted up to 15°

3 protection against spraying water

4 protection against splashing water

5 protection against water jets

6 protection against heavy seas

7 protection against the effects of immersion

8 protection against submersion 

Example:IP67 is defined as a dust tight enclosure and protected against the effects of immersion.

short
circuit
protection

Output

Fig.7.
Fig.8.

m

Sn/2

2m

Non conducting material

Proximity switch

Standard target

Sr

mm

Fig.9.

UssUd

U

t
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Paral lel  connection Series connection

Logic functions with DC proximity sensors:
Self-contained proximity sensors can be wired in series or paral led to perform such logic functions as AND,OR,

NAND,NOR.The wiring diagrams show the connection of four sensors with NPN and PNP outputs.Take into

account the accumulating voltage drop per sensor added in the series-str ing.

Paral lel-connection:

N.O.sensors:OR Function(any one sensor or 
al l  made:load"on")
N.C.sensors:NAND Function((al l  sensors 
open:load"off")

Series-connection:

N.O.sensors:AND Function(al l  sensors made:
Load"on")
N.C. sensors:NOR Function(any one sensor 
open:load"off")

NPN

NPN

NPN

NPN

BK

+V -V

1

2

n-1

n

BN
BU

BK
BN
BU

BK
BN
BU

BK
BN
BU

NPN

NPN

NPN

NPN

BK

+V -V

1

2

n-1

n

BN
BU

BK
BN
BU

BK
BN
BU

BK
BN
BU

PNP BK

-V +V

1

2

n-1

n

BN
BU

BK
BN
BU

BK
BN
BU

BK
BN
BU

BK

+V

1

2

n-1

n

BN
BU

BK
BN
BU

BK
BN
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BK
BN
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PNP

PNP

PNP

PNP

PNP

PNP

PNP

-V

NPN Output

PNP Output

NPN Output

PNP Output
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GENERAL INFORMATION 

DC NPN output type

D C  N P N  o u t p u t  p r o x i m i t y  s w i t c h e s  c o n s i s t  o f  t h e  f o l l o w i n g  

c i rcu i t ( F ig .10 . ) In  N .O.opera t ion ,w i th  no  sens ing , the  t rans i s to r  

is in the OFF mode.When sensing,the load current passes through

the t rans is tor. In  N.C .  operat ion , the funct ion is  opposi te . In  N.O.

operat ion ,as  the  load current  passes  200mA(capac i t ive  vers ion 

over 300mA),the load shor t circuit protection is activated.

Remarks :Vo l tage  drop<1V, i t  i s  tes ted  in  the  max . load  cur rent ,

200mA,Capacit ive proximity switch is tested in 300mA.

DC PNP output type

DC PNP output  type  prox imi ty  swi tches  a re  des igned wi th  the  

fol lowing output circuit(Fig.11)In N.O.operation without sensing

status , the transistor  is  in  the OFF mode,with sensing status the 

transistor is  in the ON mode,as the load current passes through 

the t rans is tor ; in  the N.C .mode, the operat ion is  opposi te  in  the 

N . O. o p e r a t i o n . A S  t h e  l oa d  c u r re n t  pa s s e s  2 0 0 m A ( c a pa c i t i v e  

prox imity  switch over  300mA) , the load shor t  c i rcu i t  protect ion 

circuit is activated.

Remark :Voltage drop<1V is tested at the max. load current,200mA.

Capacit ive Proximity switches are tested at 300mA.

The  dev i ces  opera te  exac t l y  l i ke  mechan i ca l  sw i tches ,w i th  the  

connected load be ing swi tched in  ser ies .They can be used into  

PLC inputs l ike relays.Notice should be taken on the influence of

m i n i m u m  l oa d  c u r re n t , l e a k a g e  c u r re n t  a n d  vo l t a g e  d ro p . S e e  

fol lowing Fig.12. In the“off ”condit ion,only the leakage current

( the  no load cur rent ) f lows  through the externalload.In the“on”

conditionthe amplif iers’output transistor conducts.

Between the connect ions of  the prox imity  switch there i s  now a 

voltage drop created by the internal Z-diode(<6V)and this should

be a l lowed for  within the supply voltage.The voltage appl ied to 

the external  load is  lower than the supply voltage by an amount 

equa l  to  the  vo l tage  drop .The  output  ampl i f ie r  i s  shor t  c i rcu i t  

proof and voerload protected.

DC 2 wire proximity switch
N.O. ,N .C .changeover  4  wi re  dev ices  are  shown in  the  fo l lowing 

Fig.13.When the proximity switch is in the sensing mode transistor 

1 is in the OFF mode;transistor 2 is in ON mode.

The  max . load  cu r ren t  i s  200mA w i th  shor t  c i rcu i t  p ro tec t ion .

Output terminal  N.O.  and N.C.  may be connected to the load at 

the same time.

DC 4 wire proximity switch

LO
A

D

VOLTAGE DROP

SHORT CIRCUIT

PROTECTION

NPN

DC power

Fig.10

LO
A

D

VOLTAGE DROP

SHORT CIRCUIT

PROTECTION

PNP

DC power

Fig.10

BRN

BLU

LOAD

Fig.12

Tr1 Tr2 DC power

LO
A

D

LO
A

D

Tr1 Tr2

LO
A

D

LO
A

D

DC power

NPN

PNP
Fig.13
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GENERAL INFORMATION

AC  2 wire proximity switch

NAMUR-Sensors  are  polar ized 2-wire-sensors  which change thei r

internal  res is tance depending on the d istance to the target .They

are  des igned for  use  w i th  externa l  ampl i f ie r s ,wh ich  conver t  the

cur rent  changes  in to  a  d ig i ta l  s igna l .P lease  see  F ig .16 .

AC/DC outputs

These proximity switches are used as pilot devices for AC-operated

loads such as relays,contactors,solenoids,etc.The solid state output

permits  the use of  the prox imity  switches d i rect ly  on the l ine in  

series with an appropriate load.They,therefore,replace mechanical  

l i m i t  s w i tc h e s  w i t h o u t  a l t e r a t i o n  of  c i r c u i t r y, w h e re  o p e r a t i n g  

s p e e d  o r  e n v i ro n m e n t a l  c o n d i t i o n s  re q u i re  t h e  a p p l i c a t i o n  of  

sol id state proximity switches.See fol lowing Fig.15.

These proximity switches are typical ly avai lable in a voltage range

of 20-250V AC or DC.All models are available with either N.O./N.C.,

or with programmable outputs(from N.O. to N.C.) .

Proximity switches with AC/DC outputs are not recommended for use

with 24V DC programmable control ler inputs.

 

AC output  two wi re  prox imi ty  swi tches  have  output  c i rcu i t s  w i th  

SCR.In the N.O. operation and non-sensing mode, the SCR appears 

OFF, in the sensed mode the SCR is ON.Load current passes through 

the SCR and to form feed circuit With extend load.In N.C. operation,

the  operat ion  i s  oppos i te  the  N .O.  operat ion .  SCR in  OFF  mode ,

( it  needs by the operation internal circuit for proximity switch).The

smal l  current  pass ing through the load is  ca l led leakage current .

When the  SCR i s  in  ON mode in terna l  c i rcu i t  of  prox imi ty  swi tch  

operates ) .Th is  smal l  vo l tage i s  ca l led dropping vo l tage .The max .

load current is  500mA.Leakage voltage is  below 5V(load current is  

over 20mA)leakage current is below 2.5mA.See Fig.14.

 

NAMUR-Sensors to DIN 19234

NAMUR-sensors  operate with a  supply  vol tage f rom 5 to 25V DC. I t  i s  poss ib le  to work d i rect ly  into logic

c i rcu i ts  such as  CMOS etc .

Note:different operating values(V,Ri)wil l  counteract a change of the switching distance.Within the admissible

vol tage range i t  i s  necessar y  to adopt  the res is tance Ri ,as  wel l  as  the current  in  the switching point  I (Sn) .

The fo l lowing table  shows typica l  va lues .

Connection diagram

LOAD

SCR

F ig .14

MOSFET

LOAD

Fig .15

+8.2V DC

0V
F ig .16

1.75mA

1.55mA

Sn
S(mm)

Dif ference in

switching current

Di f ference in

switching    S  

4

3

2

1

I (mA)

Character is t ic  cur veConnect ion d iagram

NAMUR-sensor
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Applications

Shielded configuration

Non-shielded configuration

Sensing distance

The capac i t ive  sensors  may be used to  l imi t  the  leve l  in  tanks  and conta iners .  The contents  may be f lu ids ,
pulverized or granulated materials such as PVC powder,dyes,flour,sugar,powdered milk etc. Further applications 
a re  a s  e n d  a n d  l i m i t  s w i tc h e s  f o r  c h e c k i n g  a n d  re g u l a t i n g  m a c h i n e r y  s e t t i n g , ( e ve n  i f  t h e  m a te r i a l s  a re  
non-meta l l i c  as  in  conveyor  be l t  pos i t ion ing and mater ia l  s tack ing) ;  check ing dr ive  be l t s  and paper  ree l s
for sag and tear.Additionally they may be used as detectors for counting metal and non-metal components.
Areas of application for capacit ive sensors.

Sensors  wi th  a  s t ra ight- l ine  e lect r ica l  f ie ld .These un i ts  scan so l ids (e .g .wafers ,components ,PCB’s,hybr ids ,
car tons,paper pi les ,  bott les ,  plast ic  blocks and stacks of  paper at  a distance,  or  l iquids through a separat ing
wall  (glass or plastic up to a max of 4 mm thick) .

Sensors with a spherical  electr ical  f ield.  These units are designed to touch the product,  bulk goods or l iquids
(e.g.granulate,sugar,  f lour,  corn, sand, or oi l  and water) with their active sur face.

The data was obtained using a 1 mm thick square steel plate (st37) as an actuator,  with a side length equal to 

defined as the nominal sensing distance with a tolerance ±10% Sn.
The sensing distance depends upon shape, size and nature of the object concerned. If  the plate is made from
a different material  or has a smaller diameter,  the sensing distance wil l  be reduced.

Fig. 17

Capacitive  proximity sensor
Capacitive proximity sensors consist of an RC-oscillator with a special multi-part sensing electrode.The electrode 
and the osci l lator c ircuit  have a tube connected with ear th potentia l  for  lateral  shielding.  This  enables f lush 
mounting of the sensor in metal ,  s ince the electrial  f ield is only present in front of the sensing electrode. This 
f ield is the active zone of the sensor.  See Fig.17.

When the conductive material  is  removed from the act ive zone,the osci l lator is  undamped and the osci l lat ion
amplitude decreases.  The amplif ier of the osci l lator voltage and the sensit ivity of the sensor can be altered ty
the built- in potentiometer.

The middle electrode together with the built-in re-coupling gives very effective compensation under conditions
of humidity, dust or icing. Special circuitr y automatically compensates for these influences. The preset sensing
distance remains near ly constant .  The electrode design,  a long with the compensat ing c ircuitr y of  capacit ive 
sensors,  is a unique design, and provides performance advantages far superior to other capacit ive sensors.

H

Sr

A
B
C

A indicates sensor electrode 
B and C indicates compensation electrodes
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GENERAL INFORMATION

Material  correction factor

If the material  of the object in question is not metal or water,the sensing distance is reduced. 

The reduction factors for the different materials are shown as the table below.

Hand

Square steel plate(100X100X1)

Stone(marble)

Wood

Glass

Carbon

PVC-BLOCK(30x30x5)

Lupulin granulate 1800H

Polystyrene 454H

Hostalen GC 8960H

Vestyron 719-50

Hostyren

BM scrap material(Z)

Hostalen GC coarse powder

Lupulin f ine granulate

HostaformC

Hostyren(polystyrene)

Hostal it  S

Hostalen PP

Hostal it  E

Styropor unfoamed

Antimony-trioxide

Oil

Maximum sensing-distance

Crit ical point

20mm

  20

  20

  11

  18

  13

  12

  19

   8

   8

  9.5

  8.2

  7.9

  8.2

  6.7

   8

  7.7

  9.8

  7.4

  7.5

   5

  7.2

  8.1

   -

  6.2

   9

10mm

  10

  10

   6

  8.5

   5

   4

   9

   4

   3

   3

  1.5

  1.2

   3

  1.4

   2

  1.5

  3.5

   2

   2

  1.5

   1

   3

   -

  0.9

   3

15mm

  15

  15

   4

   8

   5

   6

  12

  1.5

  2.5

   4

   2

   2

   3

   1

  1.5

   1

   4

  2.5

  1.5

  1.5

   1

   3

   -

  2.5

   5

                 10mm

                   10

                   10

                    2

                    5

                    3

                  2.5

                    9

                    -

Head approx.2mm immersed

                    1

Head approx.1mm immersed

Head approx.3mm immersed

Head approx.1mm immersed

Head surrounded

Head approx.3mm immersed

Head approx.3mm immersed

                    1

Head approx.2mm immersed

Head surrounded

Head surrounded

Head approx.4mm immersed

                  0.5

                    -

Direct contact

                   3

Actuating Material

         Sensing-distance

Compared to a sur face of water

55 110

Conditions:

A=24V DC

     In each case,the measurements were made from a level sur face.

G
e
n
e
r
a
l

I
n
f
o
r
m
a
t
i
o
n

I
n
d
u
c
t
i
v
e

S
e
n
s
o
r
s

C
a
p
a
c
i
t
i
v
e

S
e
n
s
o
r
s

P
h
o
t
o
e
l
e
c
t
r
i
c

S
e
n
s
o
r
s

U
l
t
r
a
s
o
n
i
c

S
e
n
s
o
r
s

S
o
l
i
d
 
s
t
a
t
e

r
e
l
a
y
 
s
e
r
i
e
s

C
o
n
n
e
c
t
o
r
s

I
n
d
e
x
 
O
f

T
y
p
e
s

A
c
c
e
s
s
o
r
i
e
s

www.sensor-discount.com



GENERAL INFORMATION 

Sensit ivity adjustment

Capacit ive proximity sensors have a four teen turn potentiometer.The potentiometer must be adjusted to suit most applications.Turn clockwise to 

increase sensi t iv i ty.From the or ig inal  sett ing of  0 .7-0 .8xSn(Sn=nominal  range) , the nominal  sensing range is  reached af ter  2-3 c lockwise turns .

This ,  however, leads to nonl inear i ty  of  the cur ve and oversensi t iv i ty,which may lock on the sensor. I f  th is  occurs ,decrease sensi t iv i ty  by turning 

the potentiometer 2-3 turns counterclockwise. 
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Temperature

the switching distance is not greater than the nominal switching distance(taking into consideration the reduction factors of the material) .
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GENERAL INFORMATION

Influence to sensing face covered with drops of water

The fol lowing f igures show the changes to operating distance caused by drops of water on the sensing face of capacit ive proximity switches.If  the

water drops are 0.2 mL(about 2-3 drops),the operating distance wil l  be increased about 20%,as the attached water drops on the sensing face cover

the sur face and is f lowing operating distance is increased over 300%.,

Caution

If ice,frost,moisture,oi l  or dust is on the active sur face, it  wil l  cause fault ly operation.

The detecting of l iquid or powder on non-metal l ic tanks, i f  the l iquids or powders are

attached to tank wall  l ike as Fig.19, it  wil l  cause faulty operation.

The application of a DC capacit ive proximity switch,connectted to a heavy load current

(current over 200 mA),(electric motor,electrical-magnetic contact)the output transistor

wil l  break down.It should be connected through a relay.
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