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Charles F. Coake, Indianapolis, Ind., assignor. to 
Senn Corporation, New Augusta, Ind., a cor 
poration of Indiana. 

: Application: February 24, 1945, Serial No. 59,629 
(C.200-87) 5 Claims. 

This invention relates, to a micro-gauge limit 
Switchland 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, positive-acting magnetic 
Snap. Switch for detecting: minute-variations from 
a standard-limit of comparison. 

... Another object is, to provide a simple and 
-efficient, micro-gauge limit switch of the above 
type having. noveland improved. details of con 
struction and features of operation. 
'Various...other objects and advantages will be 

apparent as the nature of the invention is more 
fully disclosed. 
The limit-switch of my invention is particularly 

"adapted for the testing of production items which 
must conform. Within a close limit of tolerance 
with a given standard of measurement. The 
-SWiteh'disclosed hereinto, illustrate the invention 
includesra stylus which is-adapted to be actuated 
by the item being tested...and which is connected 
stolclose: a-snap contact, in response...to any varia 
tions beyond: the predetermined: limit of toler 
alCe. 

: The micro-gauge limit5Switch; itself preferably 
scorin:prises: a, magnetic, circuit containing an arma 
ture which is delicately balanced on self-adjust 
ing: bearings and c cooperates with a magnetic 
frame which provides two, normally balanced re 
turn paths for; the magnetic flux passing through 
itine:arnature. The gauge-stylus is supported on 
Springs; in an upright position and is ;provided 
with an adjustable flairage which is adapted to 
serigage beneath the carnature and to move the 
arnature upwardly in response to movement of 
the stylus. 

In one: embodiment the-armature is provided 
awith a bifurcated ends and a stationary cress-bar 
forming a part of the magnetic return paths ex 
tends between the tipper and lower, prongs of the 
forked-armature. When the armature is in a 
positions such that the prongs are spaced equally 
fromi..this cross, bar; the magnetic flux, through 
the ,tWO, prongs will...be in a state: of balance. 
However, when : the gauge stylus rises sever so : 
slightly-it: will "eatise a correspojading; movement 
of the armatures which will upset the magnetic 
balance and cause the armature to snap to a 
limiting position with the lower prong-in engage 
linent With the crossbar. A contact is actuated '' 
by the arnature-to-close an indicator circuit 
:which Willi infortin the operator of the defect: in 
the article urader test. Production partsmay, 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 
balance is upset, whereupon they close with -a. 
Sigapi, action. ... Hence:chattering. Ori' other itncer 
tainty in operation is eliminated. 
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Although the novel, features which are, chair 

acteristic of this invention are set forth more in 
detail in the claims appended hereto, the nature 
and-scope of the invention may be better...under 
stood by referring to the following, description, 
taken in , connection with the accompanying 
drawings forming a part thereof, in Which a Spe 
cific. embodiment, has been set, forth, for purposes 
of illustration. 

In the drawings: 
Fig. 1 is a broken-perspective-view of ; a.micro 

gauge limit switch embodying...the invention; 
: Fig. 2 is: a longitudinals sectional view.taken 

on the line. 2-2-of-Fig.1; 
...Fig. 3 is:a:front end elevation of, the device; 
Fig. 4 is an enlarged, transverse. Sectional view 

taken on the line: 4-4 of Fig. 2; 
Fig. 5-is: a transverse sectional view taken on 

ithe, line:5-5 of Fig. 2; and Fig. 6, is a section 
20 taken on the liner 6-6 of Fig. 2. 

In the following description certain Specific 
terms are used for convenience, in referring, to 
they arious details of the invention. These terms, 
however, are to be interpreted, as broadly, as the 

25 state of...the art will permit. 
; The micro-gauge limit, Switch..shown in...the 

drawings comprises can electromagnet - coil. 0 
mounted on a hollow support, and secured to 

..a U-shaped frame of magnetic material . which 
30 has parallel upper and lower horizontal branches 

if 23and 13 joined by an end portion -5 and *.is 
supported by screws., 15, and - 6 on a suitable 
bracket 7. 

Anaraature... 8 is mounted centically in the 
35 coil.0 and has its forward end: bifurcated to pro 

scy 

5 5 

videspaced, upper-ands lower prongs. 9 and 2 
-extending outwardly through a circular opening 
2 in the:end portion 4 of the frame and having 
ears.22 and 23; at its rear-end arranged in prox 
imity to the branches 2 and 3, respectively, of 
the frame to; form: apart of the magnetic circuit. 
:The support for: the: armature 8 includes a pair 
*Offlanged brackets 25-and-:26, which are Secured 
to; the branches: 2 and 3. of the frame by means 
of screws 27 and 28, respectively. The-end flaages 
of-these brackets, face-leach other, and flat, con 
voluted resilient springs: 29, and 3) are, secured 
to the opposed flanges by. Ineans of screws-3 
and .32, respectively. The springs. 29 and 3 
are:S shaped to provide increased compliance, and 
the central portions thereof contain - aligned 
itapered iconical indentations. 33 and 34, respec 
:tively. In these, indentations are journaled the 
Jpointed ends of a pintle or arbor 35 which is se 
*cured 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 
itain its delicately balanced mounting and will 
be:self-adjusting; to compensate for wear. 

'60' iA:flat-stationary eross-bar 36 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 2) of armature 8 in such position that said 
progS Will be equidistant from Said croSS bar, 
as shown in Figs. 2 and 5 when the arnature i8 
is in its mid-position. The lower face of cross 
bar 36 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 f2 and 
3 of the magnetic frame by screws 5, 6 and 

42, the spring 4 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 44 which is adjustably clamped thereon 
by threaded nuts 45, and this fiange 44 engages 
a ball 46 Which is Secured to the underside of 
the lower prong 20 of the armature 8, 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 5 respectively, Which 
are provided with T ends secured between bracket 

and the upper branch 2 of the frame by the 
screws 5 and 6. Contact springs 50 and 5 
are provided with terminals 52 and 53 respectively 
and are insulated from the frame by Suitable 
insulating washers 54 and from the ScreWS 
and 6 by insulating bushings 55. The terminals 
52 and 53 are connected to any Suitable visual 
or audible signaling system. Stop members 56 
and 57 may be associated with the contact Springs 
5) and 5 respectively, and may be adjusted for 
properly positioning Sane. 
The lower contact spring 5 has a portion of 

its forward surface stamped out and bent down 
wardly to provide a depending lip 58 which light 
ly 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 
2 of the armature strikes the non-magnetic 
liner 38 of the stationary cross bar 36, the upper 
prong 9 of the arnature Will raise the depend 
ing lip 58 of contact Spring 5, thus causing con 
tact member 49 to engage the contact member 
48 and close the energizing circuit of the alarn 
System. The magnetic attraction Will hold the 
armature in this circuit closing position until 
forcibly returned or until the coil 0 is deener 
gized. 
In operating 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 7 so that at 
the limit of tolerance the armature 8 is in bal 
anced position with the prongS 9 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 0 flows from the armature 8 
through both prongs 9 and 20 equally to the 
magnetic cross bar 36 and then through the upper 
and lower brainches 2 and 3 of the frame which 
co2RStitute magnetic return paths to ears 22 and 

S. of the arnature. At Such time, therefore, the 
riagetic 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. 
neath the lower end of Stylus 39, even though 
the excess thickness of the article may be in 
finitesiinal, it will cause the stylus to rise slightly 
beyond its nid-position and the Stylus, through 
its fiange 4 and contact ball 46, Will cauSe a 
corresponding very slight tipping of the arma 
ture 3 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 35 becomes greater on the lower 
prong 22 and will cause the armature 8 to con 
tinue its novsment with an instantaneous Snap 
action bringing the lower prong 2 of the arma 
ture into contact with the non-magnetic liner 
33 of stationary cross bar 36, and closing the 
contacts 48 and 43 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. Hence a controlled upward nove 
ment is obtained which becomes a Snap-action 
as soon as the armature passes its mid-position. 
The springs 40 and 4 are of sufficient strength 

to hold the stylus 39 firmly against the test 
article. 
The stop members 56 and 57 may be adjusted 

to provide the desired spacing of the contactS 
A8 and 49. 

It Will be noted that the S shape of the Springs 
23 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 
ly 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 haW 
ing bifurcation cooperation, with a single croSS 

60 bar as shown, the essential feature being to pro 
vide a 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. 

65 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 nodi 
fications and adaptations within the scope of the 

0 appended claims. 
The invention claimed is: 
1. An electromagnet comprising a pivoted ar 

nature having a bifurcated end forning tWO 
prongs, a stationary magnetic member positioned 

is between said prongs and equally Spaced there 

O 
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from to provide equal air gaps when said arma 
ture is in its mid-position; means forming a mag 
“netic return pathi from Said member: to said ar 
striature;and means inducing a flux in Said arma 
iture; and in: said, return, pathi to produce equal 
forces on said: prongs "When said...'armature is in 
its 'midposition-btiti to.'cause said, armature. to 
snapiito, a limiting position to close one of Said 
'gaps, when said balance is "upset by displacement 
"Of saidiarnature: from its mid-position. 
22. A magnet comprising a pivoted armature 

having a bifurcated:end forming two. prongs, a 
fixed magnetici return path including a member 
sexteriding; between i:Said prongs, and lying equi 
distaht from said prongs. when said armature is 
in:a::cp6sition, Saidarnature carrying a "magn 
shetic filaxi flowing from said garmature through 
both armature prongS. equally to said, member, 
said:-armature being mounted to snap to a limit 
ing position' when the magnetic balance is upset 
by slight displacement from its mid-position, 
'3. A magneti comprising a magnetic frame, a 

"pivoted armature having a bifurcated end form 
ingi twof prongS, a cross; baron said frame and 
extending between said prongs in position to lie 
equidistant from 'Said' prongs when said arra 
tCure is in its Enid-position, said armature carry 
ing a magnetic flux flowing from said armature 
through both armature: prongs equally to said 
“crossbar and returning through said frame, said : 
'anaattrel-being mounted to snap to a limiting 
position when the magnetic balance is upset by 
shight displacement from its mid-position. 
(4:-l'A'magnet" comprising 'a U-shaped magnetic 
frame having two: parallel branches and a con- 3: 
necting end piece, a pivoted armattire mounted 
between said parallel branches and having a bi 
furcated end forming two prongs projecting out 
wardly through an 'opening in said end piece, a 
'crossbar secured to said end piece and extending . .'; 
between said prongs and lying equidistant from 
said prongSwhen said armature is in its mid-po 
sition, said armature carrying a magnetic flux 
flowing from said: 'armature through both arma, 
ture prongs equally to said cross bar and return 
ing through the two branches of said frame, said 
'armature being mounted to Snap to a limitingpo 
sition" when the magnetic balance is upset by 
slight displacement from its mid-position. 

5. Armagnet comprising a U-shaped magnetic 
frames having two parallel branches and a con 
necting end piece, 8, pivoted armature mounted 
between said parallel branches and having a bi 
furcated end forming upper and lower prongs 
projecting outwardly through an opening in said 
end, piece, a crossbar. 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 ceragage said armature 
to actuate same, said arnature carrying a mag 
“netic flux flowing from said armature through 
both arnature prongs equally to said cross bar 
and returning through the two parallel branches 
of said frame, said armature being mounted to 
Snapiito a limiting position when shifted by said 
Stylus from its mid-position. 

6. A magnet comprising a magnetic frame hav 
ing upper and lower parallel branches, a pivoted 
armature having a bifurcated end forming upper 
and lower, prongs projecting outwardly beyond 
Said frame, a crossbar joining said branches and 
extending between 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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6 
netic: flux:flowing from:said: armature through 
both armature prongs to said crossbar, and 're 
turning through the upper...and lower branches of 
Said' frame, whereby displacement of Saidarina 
ture from its mid-position will upset the magnetic 
balance of Said flux paths; and cause saidarna 
ture to snap to a limiting position. 

7. Almagnet comprising a magnetic framehav 
ing upper and lower parallel branches, a pivoted 
armature having a bifurcated end forming upper 
and lower: prongs projecting outwardly beyond 
Said frame, ... a ci'oss, bar joining said branches 
and "extending betWean said prongs and lying 
equidistant from said prongs; when said armattire 
is in its mid-position, said armatures' carrying a 
zilaginetic fuX flowing from Saidarnature through 
both almature prongs, 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 balance of Said', flux paths, and cause said 
arnature to". Snapto: a limiting position, and a 
Stylus movably mounted on said frame" and hav. 
ing means engaging Said tarnature to displace 

, the same. 
8. An electromagnet comprising a magnetic 

franehaving upper and lower, parallel branches 
and': a connecting end piece, , a, "coil secured to 
Said :end piece between the ; upper and lower 
branches: of said frame, an armature extending 
through said. Coil and having i.a. bifurcated end 
forming. Upper and lower prongs projecting out 
Wardly through the end piece of: said frame, a 
CroSS bar:Secured to Said end piece and extending 
betWeen...said prongs: and lying: equidistant from 
Saids prongs. When said "arnature is in its mid 
2Osition, the magnetic flux set up by said coil 
flowing from Saidiarnature through both arma 
ture prongs to said cross bar and returning 
through the upper, and lower branches of said 
frame, whereby displacement of said "arnature 
from its mid-position will upset the magnetic bal. 
ance of said flux paths and cause said. arnature 
tO. Snap to...a limiting position. 
9. An electromagnet comprising; a "magnetic 

flane? having. Upper and lower parallel branches 
and a connecting-end piece, a coil secured to said 
end piece between the upper and lower branches 
of Said frame, an armature extending through 
Said coil. and having a bifurcated end forming 
upper and lower prongs projecting outwardly 
through the end piece of said frame, a cross bar 
Secured to Said end-piece and extending between 
said prongs' and lying equidistant from said 
prongSWhen-Said armature is in its mid-position, 
the Inagnetic flux set up by said coil flowing from 
Saidiarnature through both armature prongs to 
Said cross bar and returning through the upper 
'and'lower branches of said frame, whereby dis 
placemeat of said armature from its mid-position 
iwill upset the magnetic balance of said flux paths 
and 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 a connecting end piece, an armature mount. 
edbetween said parallel branches and having an 
end projecting outwardly through said end piece, 
magnetic means secured to said, frame and coop 
erating with the projecting 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 men 
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 through 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 a 
limiting position. 

11. In a relay having contacts, a magnet corn 
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 out 
Wardy through Said end piece, magnetic means 
Secured to said frame and cooperating with the 
projecting end of said armature to produce ball. 
anced magnetic forces when said arnatire is ir 
its mid-position, spring members mounted on said 
upper and lower branches of said fraine, a stylis 
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 fiowing fro; 
Said armature to said end piece and returning 
through the upper and lower branches of said 
frame, whereby micro movement of said aroa 
ture due to said Stylus Will upset the magnetic 
balance of Said flux 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 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 produced by said magnetic means fiowing 
froin Said armature to said end piece and return 
ing through the upper and lower branches of said 
fraine, whereby micro movement of said arma 
ture due to said stylus will upset the magnetic 
baiance of said flux paths and cause said arma 
tile 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 
ai'nature 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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Snap to a limiting position in response to the un 
balanced magnetic forces. 

14. A micro-gauge limit switch having con 
ta,3ts, comprising a U-shaped magnetic frame 
having upper and lower parallel branches and a 
connecting end piece, a coil secured to said end 
Ricca 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 
W2.1"dly through said end piece, a cross bar se 
cLi'ed to said end piece and extending between 
Said prongs and lying equidistant from said 
prongs. When said armature is in its mid-position, 
3, Stylis mounted for movement on said frame, a 
flarge adjutstably mounted on said stylus to en 
gage the under side of said lower armature prong, 
and a link resting on the upper prong of said 
a: In 2t2e to close said contacts when said arma 
tire is in its upper limiting position, the mag 

ic flix set up by said coil flowing from said 
a...isatire through botn armature prongs to said 
Cross bar a:d returning through the upper and 
lower brainches of said frame, whereby displace 
11.83 it of Said almature from its mid-position by 
Sai? Stylus will upset the magnetic balance of 
Said fuX paths and cause said armature to snap 
to its limiting position. 

15. A micro-gauge limit switch having con 
tacts, cora prising a U-shaped magnetic frame 
having upper and lower parallel branches and a 
coinecting end piece, a coil secured to said end 
Qiece between the upper and lower branches of 
said frame, a pivoted armature extending 

35 through said coil and having a bifurcated end 
forning upper and lower prongs projecting out 
Wardly through said end piece, a cross bar se 
cured to said end piece and extending between 
Saig prongs and lying equidistant fron said 

40 prongs when said armature is in its mid-position, 
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a stylus mounted for movement on said frame, a 
fi2nge afijustably mounted on said stylus to en 
gage the under side of said lower armature prong, 
and a link resting on the upper prong of said 
ai'nature to close said contacts when said arma 
tU2'e is in its upper limiting position, the mag 
Shetic flux set up by said coil flowing from said 
&rnature 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-rinagnetic material interposed bei,Sreen 
Said CrOSS bar and said armature to prevent, said 
arnature from Sticking thereto due to residual 
magnetisin. 

CHARLES F. COAKE. 
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