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changing the shape of the magnetic field to thereby change the effective
sensitivity range for movement The present invention relates to a magnetic
sens-  of the movable magnet responsive to the presence of ing proximity
detector. Magnetic sensing proximity  a ferrous metal. detectors have been
used previously to detect the   5  In one embodiment the detector includes
a tubu- close presence of a ferrous metal mass. in one form  lar housing, a
tubular magnet fixed in position within these detectors have a central
hollow magnet with  the housing, a first tubular magnet within the housing
end magnets supported on a rod connecting them   at one end of the tubular
magnet, a second movable which extends through the opening in the central
magnet within the housing at the other end of the tub- magnet. A switch Is
connected at one end of the two   10  ular magnet, an annular magnet
positioned in sur- connected magnets to be operated by the movement
rounding relationship to the housing, means for ad- of such two magnets
relative to the central magnet  justing the position of the annular magnet
to control and the housing in which it is secured. The approach  the
sensitivity of the assembly, means connecting the of a ferrous metal close
to the end of the magnet away  first magnet and the second magnet, a switch
includ- from the switch end causes the magnets and their  15  ing a blade,
a first contact and a second contact, connecting rod to move toward the
ferrous metal to  means connecting the first and second magnet to the thus
change the position of the switch  An example of  blade so that movement of
the first and second mag- this type of magnetic sensing proximity switch is
dis-  nets moves the blade between contact with the first closed in US-A-
4,117,431.                       and second contacts, the first magnet
having its Another type of magnetic sensing proximity de-  20  poles
arranged so that it is attracted to the tubular tector is shown in US-A-
4,674,338 in which a central  magnet the second magnet having its poles
arranged magnet is positioned within two annular magnets so  so that it is
repelled by the tubular magnet, the near- thatthe movement of the central
magnetwhich is nor-  ness of a ferrous metal to the end of the housing con-
mally biased in one direction by the positioning of the  taining said first
magnet moving the two magnets and poles of the three magnets, moves In the
opposite di-  25  the blade to change the position of the switch, adjust-
rection when a magnetic material approaches suffi-  ing the axial position
of the annular magnet changing ciently close to change the forces on the
central mag-  the flux from the end of the housing containing the net to
overcome the force biasing it toward the one di-  first magnet to adjust
the distance at which a ferrous rection.
metal causes the change of position of the switch A further type of
magnetic sensing proximity de-  30  blade. tector is shown in US-A-
3,176,096 and -4,225,837    An embodiment of the invention will be
described wherein side-by-side magnets are used so that the  now by way of
example only, with particular reference position of the switch arm is
normally in one position  to the accompanying drawings. In the drawings:
and pivots to the opposite position on the approach  FIGURE 1 is a
longitudinal sectional view of the of a ferrous metal within the range of
sensitivity of the  35  improved magnetic proximity detector illustrating
the detector. The latter patent is stated to be an improve-  components in
one position which does not indicate ment on the former patent.
the presence of ferrous metal. One disadvantage which has been experienced
FIGURE 2 is a similar sectional view of the detec- with the prior magnetic
sensing proximity detectors is  tor but showing the components in their
opposite pos- their limited range in which they can sense the ap-  40
ition as a result of the detections of a ferrous metal. proach a ferrous
metal material and the fact that such  FIGURE 3 is a schematic view of the
three mag- prior devices are not adjustable to preselect the exact  nets
used with proximity detectors of the prior art and point at which the
approach of ferrous metal causes  illustrates the relative position of the
poles of the the detector to change its position.             magnets and
their flux fields. According to the present invention a magnetic  45
FIGURE 4 is a schematic view of the three mag- proximity detector for
ferrous metals comprising a  nets used in the detector of the present
invention and housing; an assembly of magnets, at least one of  illustrates
the relative position of the poles of the which is movable, positioned
within the housing; a  magnets, their flux fields and the focusing effect
on switch; and means connecting the movable magnetto  the flux field at the
end of the detector resulting from the switch to change its position when
the magnet  so  the annular focusing magnet. moves, the movable magnet
being biased to one pos-   The improved structure of the present invention
ition by the other magnets of the assembly and mov-  is shown in FIGURES 1
and 2. Detector 10 includes ing to its other position responsive to the
presence of  housing 12, tubular magnet 14 secured within hous- a ferrous
metal within its effective sensitivity range,  ing 12, assembly 16 of
movable magnets, and switch is characterised by an annular magnet
surrounding   55  contacts 24 and 26 and blade 28. Movable magnet 18 the
housing for focusing the flux of the magnets, and  is positioned in end 29
of housing 12 and has its poles means coacting with the annular magnet to
adjust its  arranged with respect to the poles of tubular magnet position
axially with respectto the housing and hence  14, as shown, so that it is
attracted by tubular magnet 2    
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magnet 20 is positioned within housing  prefix numeral "1". A comparison of
the flux field of 12 on the opposite side of tubular magnet 14 from
movable magnet 118 with the flux field of movable magnet 18 and has its
poles arranged with respect to  magnet 52 illustrates the focusing effect
of annular the poles of tubular magnet 14, as shown, so that it  magnet
138 on the flux field to flatten the field and is repelled by tubularmagnet
14. Asuitable non-mag-   5   cause it to extend a greater distance beyond
the end netic closure 29a is positioned across end 29 of hous-  of magnet
118 than it would extend without annular ing 12.
magnet 138. Dashed line 149 is drawn in position with Connecting means 22
includes rod 30 extending  respect to the end of the housing to illustrate
the outer through the central axial opening of tubular magnet  limit of the
sensitivity range of detector 110. In com- 14 with support by low friction
plastic bearings 32 and   10  parison the the maximum range of sensitivity
of de- 34 which are positioned in the ends of the axial open-  tector 50
being 0.10 inch, the maximum range of sen- ing through tubular magnet 14 as
shown. One end of  sitivity for detector 11 0 having all of the same compo-
rod 30 is connected to movable magnet 18 and the  nents as detector 50
exceptfor the addition of annular other end is connected to movable magnet
20. Exten-  focusing magnet 138 is approximately 0.50 inch. Ad- sion 36
connects to movable magnet 20 and is se-  15  ditionally the adjusting of
the position of annular fo- cured to blade 28 which is pivotally mounted to
con-  cusing magnet 138 provides an adjustment of the fo- tact 37 so that
movement of magnet assembly 16    cusing of the flux field of movable
magnet 118 to pre- moves blade 28 between positions engaging con-    select
the exact distance at which a ferrous metal will tacts 24 and 26. In the
position shown in FIGURE 1  cause a change in the position of blade 128.
blade 28 connects contact 37 with contact 26.  20    it should be noted the
present invention has ap- Annular magnet 38 is positioned around the ex-
plication to cthertypes of magnetic proximity sensing terior of housing 12
generally at a position surround-  devices, particularly to a device which
Includes at ing movable magnet 18. Nuts 40 and 42 are threaded  least three
magnets with at least one magnet mov- onto threads 44 on the exteriorof
housing 12 on either  able with respect two fixed magnets in a housing as
side of annular magnet 38 to secure it in a preselected   25  discloses in
US-A- 4,674,338. position with respect to movable magnet 18. Nuts 40 and
42, or other suitable adjustable positioning means, are used to adjust the
position of annular  Claims magnet 38 which adjusts the range of
sensitivity of the structure as hereinafter explained.      30  1. A
magnetic proximity detector for ferrous metals As shown in FIGURE 1 movable
magnet assem-        comprising a housing (12); an assembly (16) of bly is
in its right position with blade 28 in engagement  magnets, at  least one
of which is movable, posi- with contact 26 since ferrous mass 46 is spaced
out-  tioned within the housing; a switch (24, 26, 37); side the
sensitivity range of detector 10.            and means (30) connecting the
movable magnet Mass 48, shown in FIGURE 2, is positioned clos-  35  (20) to
the switch to change its position when the erto detector 10so that is
within the sensitivity range,  magnet moves, the movable magnet (20) being
considering the position of annular magnet 38 and as-  biased to one
position by the other magnets of sembly 16 has been moved to its left
causing blade    the assembly (16) and moving to its other posi- 28 to move
into engagement with contact 24 to com-   tion responsive to the presence
of a ferrous metal plete the circuit between contact 37 and contact 24.  40
within its effective sensitivity range, It should be noted that annular
magnet 38 is shown in-     characterised by an annular magnet (38) cluding
pole pieces 38a and 38b but may be used      surrounding the housing for
focusing the flux of without such pole pieces.
the magnets, and means (40, 42) coacting with Dashed line 49 in FIGURE 3
illustrates the outer  the annular magnet to adjust its position axially
limit of the sensitivity range for detector 10 when an-  45  with respect
to the housing (12) and hence nular magnet is notused with detector 10.
Detector 50  changing the shape of the magnetic field to there- shown in
FIGURE 3 is illustrative of the prior art de-  by change the effective
sensitivity range for tectors. Detector 50 includes movable magnet 52,
movement of the movable magnet (20) respon- fixed tubular magnet 54 and
movable magnet 56 con-    sive to the presence of a ferrous metal. trolling
the position of blade 58. Detector 50 does not  50 include an external
annular magnet for focusing the      2. A detector according to claim 1,
wherein one of flux field as hereinafter described. With detector 50  the
magnets (14) of the assembly is fixed within as shown in FIGURE 3, the
sensitivity range is limited  the housing and two of the magnets (18, 20)
are to a maximum of 0.10 inch.                           movable with
respect to the fixed magnet (14), FIGURE 4 is a schematic illustration of
proximity  55  and means (30) for connecting the two movable detector 110
which is the same structure as detector  magnets. 10 previously described
and the components shown are given the same number for identification with
the  3. A detector according to claim 2, wherein one (18)    
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S  * 14. Movable magnet 20 is positioned within housing  prefix numeral
"1". A comparison of the flux field of 12 on the opposite side of tubular
magnet 14 from  movable magnet 118 with the flux field of movable magnet 18
and has its poles arranged with respect to  magnet 52 illustrates the
focusing effect of annular the poles of tubular magnet 14, as shown, so
that it  magnet 138 on the flux field to flatten the field and is repelled
by tubular magnet 14. Asuitable non-mag-   5   cause it to extend a greater
distance beyond the end netic closure 29a is positioned across end 29 of
hous-  of magnet 118 than it would extend without annular Ing 12.
magnet 138. Dashed line 149 is drawn in position with Connecting means 22
includes rod 30 extending  respect to the end of the housing to illustrate
the outer through the central axial opening of tubular magnet  limit of the
sensitivity range of detector 110. In com- 14 with support by low friction
plastic bearings 32 and  10  parison the the maximum range of sensitivity
of de- 34 which are positioned in the ends of the axial open-  tector 50
being 0.10 inch, the maximum range of sen- ing through tubular magnet 14 as
shown. One end of  sitivity for detector 110 having all of the same compo-
rod 30 Is connected to movable magnet 18 and the
nentsasdetector50exceptfortheadditionof annular other end is connected to
movable magnet 20. Exten-  focusing magnet 138 is approximately 0.50 inch.
Ad- sion 36 connects to movable magnet 20 and is se-  15  ditionally, the
adjusting of the position of annular fo- cured to blade 28 which is
pivotally mounted to con-  cusing magnet 138 provides an adjustment of the
fo- tact 37 so that movement of magnet assembly 16   cusing of the flux
field of movable magnet 118 to pre- moves blade 28 between positions
engaging con-   select the exact distance at which a ferrous metal will
tacts 24 and 26. In the position shown in FIGURE 1  cause a change in the
position of blade 128. blade 28 connects contact 37 with contact 26.  20
It should be noted the present invention has ap- Annular magnet 38 is
positioned around the ex-  plication to othertypes of magnetic proximity
sensing terior of housing 12 generally at a position surround-  devices,
particularly to a device which includes at ing movable magnet 18. Nuts 40
and 42 are threaded  least three magnets with at least one magnet mov- onto
threads 44 on the exterior of housing 12 on either  able with respect two
fixed magnets in a housing as side of annularmagnet 38 to secure It in a
preselected   25  discloses in US-A- 4,674,338. position with respect to
movable magnet 18. Nuts 40 and 42, or other suitable adjustable positioning
means, are used to adjust the position of annular  Claims magnet 38 which
adjusts the range of sensitivity of the structure as hereinafter explained.
30  1. A magnetic proximity detector for ferrous metals As shown in FIGURE
1 movable magnet assem-        comprising a housing (12); an assembly (16)
of bly is in its right position with blade 28 in engagement  magnets, at
least one of which is, movable, posi- with contact 26 since ferrous mass 46
is spaced out-  tioned within the housing; a switch (24, 26, 37); side the
sensitivity range of detector 10.           and means (30) connecting the
movable magnet Mass 48, shown in FIGURE 2, is positioned clos-  35  (20) to
the switch to change its position when the er to detector 10 so that is
within the sensitivity range,  magnet moves, the movable magnet (20) being
considering the position of annular magnet38 and as-  biased to one
position by the other magnets of sembly 16 has been moved to its left
causing blade  the assembly (16) and moving to its other posi- 28 to move
into engagement with contact 24 to com-  tion responsive to the presence of
a ferrous metal plete the circuit between contact 37 and contact 24.  40
within its effective sensitivity range, Itshould be noted that annular
magnet 38 is shown in-     characterised by an annular magnet (38) cluding
pole pieces 38a and 38b but may be used     surrounding the housing for
focusing the flux of without such pole pieces.
the magnets, and means (40, 42) coacting with Dashed line 49 in FIGURE 3
illustrates the outer  the annular magnet to adjust its position axially
limit of the sensitivity range for detector 10 when an-  45  with respect
to the housing (12) and hence nular magnet is not used with detector 1 0.
Detector 50  changing the shape of the magneticfield to there- shown in
FIGURE 3 is illustrative of the prior art de-  by change the effective
sensitivity range for tectors. Detector 50 includes movable magnet 52,
movement of the movable magnet (20) respon- fixed tubular magnet 54 and
movable magnet 56 con-   sive to the presence of a ferrous metal. trolling
the position of blade 58. Detector 50 does not  50 include an external
annular magnet for focusing the  2. A detector according to claim 1,
wherein one of flux field as hereinafter described. With detector 50  the
magnets (14) of the assembly Is fixed within as shown in FIGURE 3, the
sensitivity range is limited  the housing and two of the magnets (18, 20)
are to a maximum of 0.10 inch.                           movable with
respect to the fixed magnet (14), FIGURE 4 is a schematic illustration of
proximity  55  and means (30) for connecting the two movable detector 110
which is the same structure as detector  magnets. 10 previously described
and the components shown are given the same number for identification with
the  3. A detector according to claim 2, wherein one (18) 3    
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is positioned within the   richtungen (40,42), die mit dem ringformigen Ma-
housing at one end of the fixed magnet (14) and   gneten zusammenwirken, um
dessen Position has its poles arranged with respect to the poles  axial
bezfglich des Gehauses (12) einzustellen of the fixed magnet so that it is
attracted to the  und dadurch die Gestalt des magnetischen Fel- fixed
magnet, the other (20) of the movable mag-   5  des zu verfndern, um
wiederum den effektiven nets is positioned within the housing at the other
Sensitivitatsbereich frir die Bewegung des be- end of the fixed magnet (14)
and has its poles ar-  weglichen Magneten (20), abh~ngig von der An- ranged
with respect to the poles of the fixed mag-  wesenheit elnes elsenhaltigen
Metalles, zu ver- net so that it is repelled by the fixed magnet, the
Andern. position of the movable magnets being biased in  10 one direction
when not detecting the presence of  2. Naherungschalter nach Anspruch 1,
dadurch a ferrous metal and the presence of the movable   gSeknnmelchnet,
dalk elner der Magneten (14) magnets moving from the biased position toward
derAnordnung innerhalb des Gehiuses befestigt the ferrous metal which comes
within the effeo-   ist und daB zwel der Magneten (18,20) bewegllch tive
range of sensitivity of the detector to the fer-  15  bezuglich des festen
Magneten (14) sind sowle rous metal.
durch Einrichtungen (30) zur Verbindung der bel- den beweglichen Magneten.
4. Adetector according to claim 2 or claim 3, where- in the fixed magnet
(14) is tubular with a central  3. Nlherungsschalter nach Anspruch 2,
dadurch opening therethrough, and the connecting means  20
gakennrisichnet, daB einerderbeweglichen Ma- (30) extends through the
central opening with a   gneten (18) innerhalb das Gehiuses an einem
movable magnet positioned within the housing on   Ende des festen Magneten
(14) angeordnet ist each end of the fixed magnet.                     und
dessen Pole bezfglich der Pole des festen Magnsten so angeordnet sind, daB
er von dem fe- 5. A detector according to any one of the preceding   25
sten Magneten angezogen wird, daB der andere claims, wherein the housing
(12) includes         der beweglichen Magneten (20) innerhalb des threads
(44) along its exterior, and the adjusting  Gehiuses am anderen Ende des
festen Magne- means includes at least one member (40, 42)       ten (14)
angeordnet ist, wobel dessen Pole be- threaded to the exterior of the
housing and held  ziglich der Pole des festen Magneten so ange- against the
annular magnet.               30      ordnet sind, daB er von den festen
Magneten ab- gestolfien wird, wobel die Position der bewegli- 6. A detector
according to claim 5, wherein the ad-  chen Magneten in eine Rkchtung
vororientlert Ist, justing means includes a first nut (40) threaded  wenn
keine Anwesenheiteines elsenhaltigen Me- onto the external housing threads
(44), and a     talles angazeigt wird und die Anordnung der be- second nut
(42) threaded onto the external hous-  35  weglichen Magnestn aus der
vororientlerten Po- ing threads, the annular magnet (38) being posi-
sition in Rlchtung des eisenhaltigen Metalles be- tioned between the first
and second nuts.         wegt, weiches in den effektiven Sensitivitatsbe-
reich des Ngherungsschalters fur eisenhaltiges Metall kommt. ,~,
Patentansprflche                             40 4. N0iherungaschalter nach
Anspruch 2 oder 3, da- 1. Magnetischer Naherungsschalter fur eisenhalti-
durch gskrnnzeichnst, daB der feste Magnet ge Metalle, mit einern Gehause
(12), sinerAnord-  (14) oln r~hrenrfrmiger mit elnerzentralen durch- nung
(16) von Magneten, von denen zumindest       gehenden Offnung ist, und daB
sich die Verbin- elner beweglich ist, wobei diese Innerhalb des  45
dungseinrichtung (30) durch die zentrale 6ff- Gehauses angeordnet sind;
einem Schalter (24,     nung erstreckt, mit einem beweglichen Magneten 26,
37); und Einrichtungen (30) die den bewegli-  innerhaib des Gehauses an
jeder Seite des fe- chen Magneten (20) mit dem Schalterverbinden,     sten
Magneten angeordnet. um dessen Position zu verindern, wenn sich der Magnet
bewegt, wobel der bewegliche Magnet  50  5. Niherungaschalter nach elnem
der vorherge- (20) durch die anderen Magneten derAnordnung      henden
Ansprflche, dadurch gskennzelchnet, (18 ) an einer Position vororientiert
Ist und sich ab-  dmf das Gehluse (12) Gewinde (44) entlang see- hingig von
der Anwesenhelt eines elsenhaltigen    nes Aufenbereiches umfa~t, und dag
die Metalles innerhalb seines effektiven Sensitivi-   Einstelleinrichtung
zumindest sin Tell (40, 42) tatsberelches an seine andere Position bewegt,
55  enthilt, weiches auf den Aulenbereich des Ge- gekennzelchnet durch
einen ringftrmigen Ma-       hSuses auFgeschraubt Ist und den ringf6rmigen
gneten (38), der das Gehiuse zur Fokussierung     Magneten hlit. des
magnetischen Flusses umgibt, sowie Emn- A    
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I 6. Naherungsschalter nach Anspruch 5, dadurch      4. Dtectur selon la
revendicatlon 2 ou la revendi- gekennzelchnet, dat die Einstelleinrichtung
el-    cation 3, dans lequeo l'aimant fixe (14) est tubu- ne orste Mutter
(40) umnfalit, welche auf das Au-  lairs avec une ouverture centrals A
travers coelul- Rengewinde des Gehiuses (44) aufgeschraubt         cl, st
les moyens de liaison (30) s'endent a tra- 1st sowle sine zweite Mutter
(42) welche auf das   s  vers I'auverture centrals, un aimant mobile 6tant
AuBengewinde des Gehiuses aufgeschraubt lst,       diepoa6 & l'lntdrieur du
bottler sur chaque extr6- wobel der ringformige Magnet (38) zwischen der
mit6 de 1'aimant fixe. ersten und zweiten Mutter angeordnet ist. 5.
D~tecteur solon l'une quelconque des revendica- 10     tions pr6c6dentes,
dans lequel le boltier (12) Revendlcatlons
comports des filetages (44) le long de so partle extrieure, et lee moyens
de r6glage comportent 1. D6tecteur magn6tique de proximit6 pour des m6-
au moins un 6lment (40, 42) filet6 a l'exteieur taux ferreux comprenant un
bottler (12); un as-    du boltier et maintenu contre l'aimant annulaire.
semblage (16) d'aimants, dont au moins l'un eat  f6 mobile, disposes dans
le boitber; un commutateur  S. D~tectsur solon la revendhcation 5, dans
lequel (24, 26, 37); et des moyens (30) connectant l'ai-  leas moyons de
r~glage comportont un premier mant mobile (20) au commutateur pour modifier
4crou (40) engage sur les filetages (44) ext6- sa position lorsque l'almant
se deplace, I'aimant  riourn au bokler, et un second ocrou (42) engag6s
mobile (20) otant sollicKit dans une position par  2o  sur les filetages
ext6rieurs au bottier, I'almant an- les autres almants de I'assemblage (16)
et se d-   nulaire (38) 6tant dispose entre les premier et se- plagant dane
son autre position sensible A la pr6-  cond 6crous. sence d'un metal
ferroux A l'intfrieur de sa plage effective de sensibilitA, caracteris6
par. un aimant annulaire (38)  25 entourant le botter pour focallser le
flux des ai- mants, et des moyens (40,42) co-agissant avec I'aimant
annulaire pour regler sa position axial.- ment par rapport au bottler(12)
et par consequent changer la forme du champ magnotique afin de   30
moflifler la plage effective de sensibilite pour le doplacement de l'aimant
mobile (20) sensible A la presence d'un mAtal ferreux. 2. Dotecteur selon
la revendication 1, dans isquel  35 I'un des aimants (14) de l'assemblage
est fix6 A l'interieur du bottier et deux dos almants (18, 20) sont mobiles
par rapport A l'almant fixe (14), et des moyens (30) reliant lea deux
almants mobi- les.                                       40 3. Detecteur
selon la revendication 2, dans lequel l'un (18) des aimants mobiles est
dispos6 t I'in- terieur du bottler A une extr~mit6 de I'aimantfixe (14)
etases p8les disposhs parrapport aux p6les   45 de I'almant fixe de telle
sorte qu'll est attirn par l'aimantflxe, I'autre (20) des almants mobiles
est disposo a l'interieur du boltier a l'autre extremite de l'aimant fixe
(14) et a ses poles disposes par rapport aux poles de l'almant fixe de tile
sorte  5o qu'1l est repousso par l'almant fixe, la position des almants
mobiles etant sollicitee dans une di- rection lors de la non d~tection de
la presence d'un metal ferreux et la presence des aimants mobiles se
deplagant entre la position sollIcHet  55 et le metal ferreux qui vient
dana la plage effeo- tive de sensibilitA du detecteur de metal ferreux.    


