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1

~This:invention -relates to:a.miero-gauge . limit

switch.and. it has for: its object to.provide a novel
and.improved device of:this.type.

--Another. object: of . the .invention is to. provide
an .extremely. sensitive .iositive-acting magnetic
ssnap. switeh.for detecting. minute.variations.from
a.standard.limit of comparison.

-Another.objeet is.to.provide .a .simple .and
efficient. micro-gauge. limit..switch. of the. above
type having. novel..and.improeved. details: of . con-~
:struction.and- features.of .operation.

- ~Narious.other objects and .advantages will be
apparent as.the.nature of the:invention. is more
fudly disclosed.

“Thelimit-switch oftmy invention is. particularly
-adapted for.the.testing of production.items which
‘must.:conform-within.a ;close, limit of-tolerance
'with.ra.~given -standard : of .measurement. ‘The
switehrdisclosed hrerein-to. illustrate the invention
ineludes-a:stylus which is-adapted-to-be actuated

by:ithe. itemsbeing.tested.and which:is connected
to.elose: a-snap: conbact.in ‘response.to-any varia-
tions . beyond: the .predetermined: limit of -toler-
ance.

-{The.micro-gauge limit:switeh: itself -preferably
scomprises-a.magnetic.circuit containing:an-arma-

ture which is delicately balanced on self-adjust-
Jing: «bearings .and--cooperates: with -a -magnetic
[frame-which. provides two.normally-balanced.re-

2
-Although.the.novel. features ‘which are.char-
-acteristic of this invention.are.set forth more in
detailiin-the.claims:appended: hereto, the nature
-and-scope of-the: invention may. be better.under-

s stood .by-.referringto .ths .following.deseription,
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daken .in vconnection .with the..accompanying
drawings forming a part thereof, in which.a-spe-
cificcembodiment. has:been -set. forth. for. purpeses
.of Mustration.
JIn:the :drawings:
g, 1.is.a broken.perspective-view of :a. micro-
gauge limitswitch: embodying the invention;
" Pig.. 2 is+a-longitudinal: sectional view .taken
-on.the line 2—2 of Fig..1;
~Fig.3 is:a:front end elevation :of- the device;
- Pig-4.4s.an enlarged. transverse sectional-view
taken. on theiline:4—4;0f Fig. 2;
+Pig. B-ista transverse .sectional view taken en
ithe. line.5—5-0f2Fig..2; and  Fig. 6.is a.section
taken on the line:6—6 of Fig. 2. )
In.the:following description .certain specific
terms are used for convenience.in.referring. to
‘thevarious.details of the invention. These terms,
however;.are .to be interprefed.as broadly. as: the

.95 state of-the art-will permit.

Surnypaths for.the magnetic flux. passing through =30

the-armature. : The gauge-stylus. is.supported.-on
springs: inran . upright; positien..and . is :provided
“with:an adjustable flangetwhich ris-adapted to
-engagebeneath the.srmature:and -to-move the

armature upwardly in response to movement-af ;

‘the-stylus.

In one-embodiment -the-armature .is provided
with -a hifurcated endrand-a stationary eress bar
forming a part of the magnetic return path:ex-
Yends between: the: uppersand lower: prongs.ofithe
forked ~armature. - When . the-;armature -is -in.-a
position: such that the prongs-are spaced-equally
Jromithis.cross. bar;, the: magnetic. flux.through
the -two.; prongs will-be . in -a.state : of . balance,
However,when : the gauge .stylus rises -ever so
Slightly-it-will-cause a:corresponding: movement
of -thecarmature.which. will upset.the magnetic
‘hadance -and. cause +the .armature . to -snap to-:a
limiting position with.the.lower prong in:engage-

mertt with theccross.bar. ~A. centact.is :actuated “

by-'the. armatuze -to~close :anindicator. cireuit
awhieh will: inform the operator..of:theidefect: in
the.article under test. .Produection.parts may thus
he:rapidly.and-accurately-tested-by:an unskilled

operator, the warning signal indicating:that: the -

part is to be discarded.

~The:contacts:remain.open-until; the magnetic
halanee:is:upset, whereupon theyiclose «with -a
snap-aection. yHence:chattering -or-other ameer-~
tainty mooperation:is eliminated.
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: The -miero-gauge limit.switch. shown .in.the
Adrawings -comprises .an. electromagnet .coil. {9
mounted- on-a- hollow.support . { I..and. secured .to
.2 -U=shaped .frame-of . magnetic .material- which
“has: parallel upper and.lower horizontal branehes
«k2:2nd-13 . joined by-an.end .portion-44 and:is
-supported -by. serews..15. and.-16 on -a suitable
Jbracket 1.

Anarmature 18 is-mounted: centrally .in the
-coil-10-and: has.its forward.end:bifurcated to pro-
vide:spaced. upper -and:lower .prongs -9 and .20
-extending outwardly through a. cirecular opening
:21-in the:end; portion.14.0f the frame and having
.ears:22 and:23:at its-rear-end arranged in,prox-
imity to the branches 12 and 13, respectively, of
the frame to:form-a.part of.the:magnetic circuit.
‘The:supnort. for: the: armature 18 includes a-pair
:of:Aanged brackets:25and. 26 which are secured
Aorthe branches: {2:and 18 of the frame by: means
of:gerews 2T.and 28, respectively. The-end flanges
:of-these brackets. face_each other, and. flat.con-
‘voluted -resilient .springs: 29. and -39: are. secured
o theopposed:flanges . by.means of -screws.-31
:and-.32, rrespectively. : The springs. 28 -and. .30
areiS-shaped to provide increased.complignee and
the- -.central;,portions thereof :contain -aligned
Aapered conical: indentations--33 -and 24, .respec-
Aively. ..In these. indentations-are journaled the
Jpointed.ends of-g.pintle or arbor: 35 which .ig se-
-eured-to.and:-thus:supports.the-armature. 8. The
:springs 29 and:30-arei flexed slightly. toward each
other:so; that. the: armature, pintle .35 -will. main-
bain -its rdelicately - balaneed mounting -and-will
be:self-adjusting: to-.compensate . for-wear,

“80 _,:Axflatistationary-cross-bari36 is secured to:the
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frame of the electromagnet by screws 37 and ex-
tends between the upper and lower prongs (9
and 28 of armature 18 in such position that said
prongs will be equidistant from said cross bar,
as shown in Figs. 2 and 5 when the armature 8
is in its mid-position. The lower face of cross
bar 38 has a facing 38 of non-magnetic material
such as copper to prevent the lower prong 20
of the armature from sticking thereto due to
residual magnetism.

A vertical gauge stylus 39 is flexibly supported
by leaf springs 40 and 4{ which are secured to
the respective upper and lower branches 2 and
15 of the magnetic frame by screws 15, 16 and
42, the spring 41 being spaced from the magnetic
frame by suitable washers 43 as shown in Figs.
1, 2 and 4. The stylus 39 carries a flange or
washer 244 which is adjustably clamped thereon
by threaded nuts 45, and this flange 44 engages
a ball 468 which is secured to the underside of
the lower prong 20 of the armature 18, as shown
in Figs. 2 and 5.

The contact members 48 and 49 for closing
the indicator circuit (not shown) are carried by
contact springs 50 and 51 respectively, which
are provided with T ends secured between bracket
17 and the upper branch {2 of the frame by the
screws 15 and i6. Contact springs 50 and 351
are provided with terminals 52 and 53 respectively
and are insulated from the frame by suitable
insulating washers 54 and from the screws (§
and 16 by insulating bushings 5. The terminalis
52 and 53 are connected to any suitable visual
or audible signaling system. Stop members 5§
and 5T may be associated with the contact springs
59 and 51 respectively, and may be adjusted for
properly positioning same.

The lower contact spring 51 has a portion of
its forward surface stamped out and bent down-
wardly to provide a depending lip 58 which light-
1y engages the top face of the upper prong (9
of the bifurcated armature 8, as best shown in
Fig. 2. Accordingly, when the armature (8 is
turned upon its pivot in a counter-clockwise di-
rection as viewed in Fig. 2, until the lower prong
20 of the armature strikes the non-magnetic
liner 38 of the stationary cross bar 36, the upper
prong 19 of the armature will raise the depend-
ing lip 58 of contact spring 51, thus causing con-
tact member 49 to engage the contact member
48 and close the energizing circuit of the alarm
system. The magnetic attraction will hold the
armature in this circuit closing position until
forcibly returned or until the coil 10 is deener-
gized.

In operaiing the micro-gauge limit switch de-
scribed above, let it be assumed that the stylus
39 is adjusted to gauge the thickness of a series
of articles which are supposed to conform to a
certain standard within “a predetermined” limit
of tolerance. The micro-gauge in this instance
is intended to pass all the articles which do not
exceed the limit of tolerance, and to give a warn-
ing signal or alarm in the case of any article
which does exceed the limit even to an infinitesi-
mal degree so that such faulty article may be
discarded. In carrying out the test, the articles
are successively placed beneath the lower end
of the stylus 39 in any suitable manner, not
shown herein, and the gauge is adjusted by the
nuts 45 or by setting the bracket (T so that at
the limit of tolerance the armature 18 is in bal-
anced position with the prongs 19 and 20 spaced
equally from the stationary cross bar 36 as shown
‘in Figs. 2 and 5. In this position the magnetic

4

flux set up by coil 19 flows from the armature I8

through both prongs 19 and 20 equally to the

magnetic cross bar 38 and then through the upper
and lower branches 12 and 13 of the frame which
counstitute magnetic return paths to ears 22 and

23 of the armature. Af such time, therefore, the

magnretic flux through the two paths will be in

a state of balance, and this balance will not be

disturbed when an article not exceeding the pre-

determined limit of tolerance is placed beneath

the lower end of the stylus 39.

However, when an oversize article is placed be-
nezth the lower end of stylus 28, even though
the excess thickness of the article may be in-
finitesimal, it will cause the stylus to rise slightly
beyond its mid-position and the stylus, through
its flange £4 and contact ball 46, will cause a
corresponding very slight tipping of the arma-
ture {8 in a counter-clockwise direction as viewed
in Fig. 2. This movement will upset the mag-
netic balance of the gauge and the magnetic pull
of the cross bar 3% becomes greater on the lower
prong %38 and will cause the armature i8 to con-
tinue its movement with an instantaneous snap-
action. hringing the lower prong 28 of the arma-
ture into contact with the non-magnetic liner
38 of stationary cross bar 36, and closing the
contacts 48 and 49 with a snap action.

When the armature is displaced below its mid-~
position the magnetic effect will tend to pull the
same downwardly but this effect is resisted by
the stylus. On its upward movement it is able
to leave the stylus as the ball 46 only rests lightly
on the disc 44. Ience a controlled upward move-
ment is obtained which becomes a snap-action
as soon as the armature passes its mid-position.

The springs 40 and 41 are of sufficient strength
to hold the stylus 38 firmly against the test
article.

The stop members 56 and 5T may be adjusted
to provide the desired spacing of the contacts
A3 and 49.

It will be noted that the 8 shape of the springs
29 and 3% provides a much greater pliability than
a straight spring of the same length. The ele-
ments may be made of suitable spring material
such as Phosphor bronze which provides relative-
1y high flexibility. Hence the pintle 35 is lightly
but firmly held in a bearing having negligible
50 friction.

The above described mechanism provides an
extremely accurate limit switch which operates in
response to minute variations in position of the
stylus.

It is to be understood that the balanced mag-
netic paths may take other forms. For example
the end of the armature could be mounted be-
tween upper and lower pole pieces instead of hav-
ing bifurcation cooperation, with a single cross
680 bar as shown, the essential feature being to pro-

vide 5 structure in which the magnetic pull is
equalized when the armature is in its mid-posi-
tion but causes the armature to snap to a limit-
ing position when the balance is upset.

68 Although a specific embodiment has been
shown and described herein for purposes of illus-
tration, it will be evident to those skilled in the
art that the invention is capable of various modi-
fications and adaptations within the scope of the

70 appended claims.

The invention claimed is:

1. An electromagnet comprising a pivoted ar-
mature having a bifurcated end forming two
prongs, a stationary magnetic member positioned

Y8 between said prongs and equally spaced there-
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-from:to.provide equal :airs gaps:when :saidarma-
ture is in its mid-positionymeans forming:a mag-
netic ‘return pathifromssaid:member:to saig.ar-
migturesandmeans inducing a flux in said arma-~
turesand:in:gaid return.:pathito: produce equal
forcesconssaid: prongsiwhen said :armature is:in
its~mid-positiori-but to.-cause:sdid. armature. to
snapito-a limiting: position: to close one’ of said
‘gaps-when-said balance isiupset by idisplacement
‘of- said-:armature: from its ‘mid-position.

#2994 magnet comprising (o piveted: armature
‘having g ibifurcated end *forming two: prongs, a
fixed ‘magneticrreturn: path-including o member
exteridingbetween said prongs-and:lying . equi-
‘distant™from sdid: prongs-when-said:armature is
i ‘d=position, sdid-armature carrying a-mag-
aetic fux!fewing “from :said ~armature ‘through
‘poth - armatureprongs-equally to ‘said: member,
said-armature being mounted tosnap-to & lifnit-
ingrposition-when! the ms=gnetic-balance is upset
by-8light ‘displacement from its mid-position.

3. A magnet-comprising -a: magnetic:frame, a
“pivotéd armature having aibifurcated end form-
ingitwor prongs, a crosst bar-on said‘ frame -and

‘ekteriding between said prongs in-pesition to lie -

equidistant ‘from:sdid prongs when said-arma-
ture is' intits mid-position, said-armature carry-
ing a magnetic flux flowing from said armature
‘through’ Botharmature- prongs equally to said

‘tross”bar: andsreturning’ through said frame, said ;

‘armature “being *mounted:to ‘srap to a limiting
‘pesition when the magnetic balance is upset by
slightdisplacement’ from’ its mvid-position.

4 +Amagnet-comprising ‘a’ U-shaped magnetic

“frame~having- two-parallel branches and a con- .4

‘necting verid’ piece,a-pivoted ‘armature mounted
Tetween-said parallel branches and having a bi-
furcated end forming two prongs projecting out-
‘wardly through -an -opening ‘in-said end piece, 3

‘ecross-bar-secured to said end piece and-extending -

‘hetween said prongs-and lying “equidistant from
satd-prongs when said-armature is in its mid-po-
sition, -said -armature ‘carrying a ‘magnetic flux
flowing fromsaid-armature through both arma-
ture-prongs-equally-to-said-¢ross bar-andreturn-
ing throvgh' the twobrariches-of said'frame, gaid
armature being mounted to smap to a limiting po-
sition” when " the “magnetic “balance- is upset by
dhght~displacement’ from- its ‘mid=position.

5. "A magnet comptising s U-shaped magnetic
framé-having two' parallel’ branches and 5 con-
mnecting end piece, & pivoted armature mounted
‘between-sdid parallel" brariches and having 4 hi-
furcated <end “forming " upper- and lower" prongs
“projecting outwardly through an opening in said
enid. piece,” a cross bar secured.to said end; piece
“and “extending between said “prongs’ and “lying
equidistant from said prongs when said arma-
ture*is in® its"mid=position, and a stylus movably
mounted on said-frame to-engage said armature
to actuate same, said armature carrying a mag-
wetic T fux “Rowing “from - said ~armature - through
both armature prongs equally to-said cross bar
and returning-through the two parallel branches
of said frame, said armature being mounted to
snapinto a limiting position-when shifted by said
‘Stytus-from its mid=~position.

6. A'magnet-comprising'a magnetic frame hav-

. ingiupper and lower parallel ‘branches, a pivoted
‘armature-having a bifurcated-end forming upper
ad lower . prongs projecting outwardly. .beyond
said frame, & cross bar joining said branches and
‘extending betwesn said prongs and lying equidis-
tant from said prongs when said armature is in
its mid-position, said armature carrying a mag-
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netici flux: flowing: from-saidsarmature: through
both armature prongs to.said cross.bariand-re-
turning through the upper and-lower branches of
said frame, whereby displacement of -said:arma-
ture from its mid=position-will-upset.the magnetic
balance of said flux paths and:-cause'said- arma-
ture to'snap to'a limiting position.

7. Amagnet comprising amagnetic framehav-
ing upper and lewer: parallel-branches 7 arpivotad
armature having a bifurcated end: formingupper
and:lower: prongs: projecting routwandly - ‘beyond
said frame,:aeross. bar joining:said branches
and -extending -between :said ‘- prongs - and - lying
equidistant from said prongs'whenssaid armature
is"in its ‘mid<position; - said armaturescarrying:a
magnetic flux flowing from:saidarmature through
hoth -armaturerprongs. to: said cross: bar and:re-
turning: through: the - upper: and: lower: branches
of said frame, whereby displacement of said ar-
mature from: its mid-position will upset the mag-
netic-halance ‘of:said. flux: paths and cause said
armature toisnap tova-limiting position nand a
stylus movably:mounted on-said: frame and hav-
ing means :engaging -said armature to:displace

; thesame.

- 8..:An ~electromagnet ‘comprising -a “magnetic
framerhaving upper:and: lower: parallel branches
and-a .connecting ‘end -piece, . & “e6il ‘secured  to
said vend piece between -the: upper: and “lower
branches:of:said frame, an armature rextending
through: said: coiliandrhaving:a shifurcated 'end
forming upper andlower prongs-projecting out-
wardly through:the end:piece of:said frame, o
eross bar:secured to:said-end piece:and extending
‘between said prongs: and lyingequidistant: from
said:prongs when:said -armature .is. in its mid-
position,: thermagnetic: flux set up+by :said coil
flowing: fromisaid:armature: through:-both arma-
‘ture rprongs ‘to said - cross “bar “and” returning
through the:upper:and lower branches of said
frame; 'whereby ~displacement of said rarmature
fromits mid-position 'will upset the magnetic bal-
ancesof said flux paths ‘and cause said. armature
to.snap toalimiting position,

~9::An relectromagnet- comprising :'a “magnetic
framethaving upper and lower. parallel branches
andra:connecting end piece; a coil secured to said
endrpiece-between:the upperand lower branches
ofzsaid Trame, an armature extending  through
s&id coil:and rhaving. 8 bifurcated ‘end forming
upper. and lower : prongs projecting outwardly
through:the -end piece of 'said frame, a cross bar
secured:-toisaid-end: piece gnd extending between
said sprongs-vand lying equidistant from said
brongsswhen-said armature is in its mid-position,
the magnetieflux setup by said coil flowing from
sald drmature’ through both armature prongs to
said: cross ‘har and returning through the upper
‘and loweribranches 'of ‘said frame, whereby-dis-
placement 6f ssid-armaiure from its ‘mid=-position
will upset the magnetic balance of said flux paths
‘grd- cause said ‘armature to ‘snap to a’limiting
position; and a: stylus mounted on said frame and
having means engaging said-armature to displace
the same.

“10. “A"magnet comprising a U-shaped magnetic
frame-having upper-and-lower parallel ‘branches

and e connecting end piece, an‘armature mount-
‘ed between said parallel ‘branches and having an

end projecting outwardly through said end piece,

‘magnetic means secured to said. frame and coop-

erating with the prejecting end of said.armature
to produce balanced magnetic. forces when.said
armature is in’its mid-position, spring members
mounted on said upper and lower branches of
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said frame, a stylus carried by said spring mem-
bers and means on said stylus engaging said
armature to displace the same from its mid-posi-
tion, the magnetic flux flowing from said arma-
ture to said end piece and returning threugh the
upper and lower branches of said frame, whereby
micro movement of said armature due to said
stylus -will upset the magnetic balance of said
flux paths and cause said armature to snap to &
limiting position.

11. In a relay having contacts, a magne! cora-
prising a U-shaped magnetic frame having upper
and lower parallel branches and a connecting end
piece, an armature mounted between said paral-
lel branches and having an end projecting oub-
wardly through said end piece, magnetic means
secured to said frame and cooperating with tha
projecting end of said armature to produce bal-
anced magnetic forces when said srmature is in
its mid-position, spring members mounted on said
upper and lower branches of said frame. a stylus
carried by said spring members and means on
said stylus engaging said armature to displace the
same from its mid-position, the magnetic flux
preduced by said magnetic means flowing from
said armature to said end piece and returning
through the upper and lower branches of said
frame, whereby micro movement of said arraa-
ture due to said stylus will upset the magnetic
balance of said filux paths and cause said arma-
ture to snap to a limiting position, and means
actuated by said snap movement of said arma~
ture to close said contacts with a snap action.

12. In a relay having contacts, a magnet com-
prising a U-shaped magnetic frame having upper
and lower parallel branches and a connecting end
piece, an armature mounted between said par-
allel branches and having an end projecting out-
wardly through said end piece, magnetic means
secured to said frame and cooperating with the
projecting end of said armature to produce bal-
anced magnetic forces when said armature is
in its mid~-position, spring members mounted cn
said upper and lower branches of said frame, a
stylus carried by said spring members and means
on said stylus engaging said armature to displace
the same from its mid-position, the magnetic
flux produced by said magnetic means flowing
frora said armature to said end piece and return-
ing through the upper and lower branches of said
frame, whereby micro movement of said arma-
ture due to said stylus will upset the magnetic
halance of said flux paths and cause said arma-
ture to snap to a limiting position, a pair of
spring members carried by said upper branch of
said frame and carrying said contacts, and a link
engaging said armature to close said contacts in
response to said snap movement of said armature.

13. A magnet comprising a magnetic frame
having upper and lower parallel branches, flat
s-shaped resilient armature-supporting springs
extending between said upper and lower branches
of said frame on opposite sides thereof and con-
taining aligned conical indentations therein, an
armature-supporting pintle having correspond-
ing conical ends journaled in said indentations,
said spring being flexed toward each other to
maintain their engagement with said pintle, an
armature on said pintle extending between said
branches, magnetic means on said frame forming
poles exterting a balanced magnetic force on said
armature when the armature is in its mid-posi-
tion, and means for displacing said armature
from its mid-position to cause said armature to
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c’\
snap to a limiting position in response to the un-
bﬂ}m.cea magnetic forces.

14. A micro-gauge limit switeh having con-
tacts, comprising a U-shaped magnetic frame
having upper and lower parallel branches and a
connecting end piece, a coil secured to said end
nicte between the upper and lower branches of
said frame, a pivoted armature extending
through said coil and having a bifurcated end
forming upper and lower prongs projecting out-
wardly through said end piece, a cross bar se-
cured to said end piece and extending between
said prongs and lying equidistant from said
prongzs when said armature is in its mid-position,
3, stylus mounted for movement on said frame, a
flange adjustably mounted on said stylus to en-
zage the under side of said lower armature prong,
and a iink resting on the upper prong of said
armature to close said contacts when said arma-
n its upper limiting position, the mag-~
I etw flzx set up by sa2id coil ﬂowmg from said
armnabure through both armature prongs to said
cross har and returning through the upper and
lowar hranches of said frame, whereby displace-
it of said armature from its mid-position by
i stylus will upset the magnetic balance of
said fiux paths and cause said armature to snap
to its limiting position.

15. & micro-gauge limit switch having con-
tacts, comprising a U-shaped magnetic frame
having upper and lower parallel branches and a
connecting end piece, a coil secured to said end
piece hetween the upper and lower branches of
sajid frame, a pivoted armature exitending
through said coil and having a bifurcated end
forming uzper and lower prongs projecting out-
wardly through said end piece, a cross bar se-
cured te said end piece and extending between
said prongs and lying equidistant from said
prongs when said armature is in its mid-position,
2 stylus mounted for movement on said frame, a
flange adiustably mounted on said stylus to en-
zage the under side of said lower armature prong,
and a link resting on the upper prong of said
armature to close said contacts when sz2id arma-
ture is in its upper limiting position, the mag-
netic flux set up by said coil flowing from said
armature through both armature prongs to said
cross bar and returning through the upper and
lower branches of said frame, whereby displace-
ment of said armature from its mid-position by
said stylus will upset the magnetic balance of
said flux paths and cause said armature to snap
to its limiting position, and a spacing member
of non-magnetic material interposed beiween
said cross bar and szid armature to prevent said
armature from sticking thereto dune to residual
magnetism.

CHARLES F. COAKE.
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