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The preseat invention relates to electromagnetic relays
and more particularly to such relays of the current re-
sponse or marginal type of the character disclozed in
U. 8. Patent No. 2,547,131, granted on April 3, 1951,
to Alexander J. Lewus, that are especially suited for use
in the coatrol circuits of single phase inducticn motors
of the split phase or capacitor type.

It is a general cbject of the present invention to pro-
vide an electromagnetic relay of the current responsive
or marginal type that embodies an improved and simpli-
fied arrangement for adjusting the magpetic reluctance
of the magnetic circuit thereof so as to accommodate
ready adjustment of the characteristics of the relay to
match the characteristics of a wide range of induction
motors of the split phase or capacitor type.

Ancther cbject of the invention is to provide in an
electromagaetic relay of the type noted, an improved ar-
rangement for preventing chatter of the armature with
respect to the cooperating pole piece when the associated
winding is energized with an alternating current.

A further object of the invention is to provide in an
electromagnetic relay of the type noted, an improved
arrangement for preventing sticking of the armature to
the cooperating pole piece as a result of residual mag-
netism therebetween when the alternating current trav-
ersing the associated winding is reduced to a value at
which restoration of the armature is desired.

Further features of the invention pertain to the particu-
lar arrangement of the elements of the electromagnetic
relay, whereby the above-outlined and additional operat-
ing features thereof are attained .

The invention, both as to ifs organization and method
of operation, together with further objects and advan-
tages thereof, will best be understood by reference to the
following specification, taken in connection with the ac-
companying drawing, in which Figure 1 is a vertical sec-
ticnal view of an electromagnetic relay embodying the
present invention; Fig. 2 is an enlarged fragmentary ver-
tical sectional view of the central portion of the relay
shows in Fig. 1, illustrating the arrangement for adjust-
ing the maguetic reluctance of the magnetic circuit there-
of; Fig. 3 is an enlarged fragmentary vertical sectional
view of the central portion of a modified form of the re-
lay, illustrating the arrangement for adjusting the mag-
netic reluctance of the magnetic circuit thereof; Fig. 4 is
an enlarged fragmentary vertical secticnal view of the
central portion of ancther modified form of the relay,
illustrating the arrangement for adjusting the magnetic
reluctance of the magnetic circuit thereof; and Fig. 5 is
an enlarged fragmentary vertical sectional view of the
ceniral portion of a further modified form of the relay,
illustrating the arrangement for adjusting the magunetic
reluctance of the magnetic circuit thereof.

Refeiring to Figs. 1 and 2 of the drawing, the electro-
magnetic relay 19 there illustrated and embodying the
features of the present inventicn comprises a supporting
plate £ formed of insulating material, such, for example,
as “Bakelite,” and a substantially Z-shaped field element

10

15

20

26

30

35

40

45

70

2

iZ formed of magnetic material and provided with a body
13 terminating in two oppositely directed arms 14 and
153, In the arrangement, the arm 14 extends forwardly
with respect to the adjacent lower end of the body 13,
and the arm 15 extends rearwardly with respect to the
adjacent upper end of the body 13. The arm 14 is suit-
ably secured to the adjacent upper surface of the sup-
poriing plate 11 by an arrangement including a plurality
of rivet eyelets 16 extending through aligned openings
respectively provided in the plate 11 and in the arm 14.
Also a tubular winding spool carrying member 17 formed
of non-magnetic materiai, such, for example, as brass, is
carried by the adjacent upper surface of the arm 14 and
secured in place by the eyelet 16 extending through aligned
openings provided therein. The member 17 comprises
an upstanding substantially cylindrical barrel 18 disposed
forwardly with respect to the body 13 of the field element
12 and a lower substantially annular flange 19, the flange
19 being directly secured to the adjacent upper surface
of the arm 14, as previously noted. Preferably the bar-
rel 18, as well as the flange 19, of the member 17, has
a longitudinally extending slit 26 formed therein in order
to interrupt the electrical circuit path therearound so as
to minimize eddy currents in the member 17 that are
induced therein when the winding provided on the asso-
ciated winding spool is energized with an alternating cur-
rent.  Alsc the relay 10 comprises a unitary winding spool
and supported winding that is removably carried by the
member 17, the heads of the winding spool being indi-
cated at 21 and 22, and the winding being indicated at
23. The heads 21 and 22 of the winding spool are formed
of insuiating material, such, for example, as “Bakelite,”
and the composite winding 23 is formed of suitable con-
ducting wire, such, for example, as copper, or the like,
individual terminals of the composite winding 23, not
shown, being suitably insulated from each other.
Aligned openings 24 and 25 are respectively formed
in the plate i1 and in the arm 14, the openings 24 and
25 being arranged in alignment with the inner end of the
holiow barrel 18, and the opening 25 being threaded and
engaging the threaded exterior surface provided on the
inner end of a core element 26 projecting through the
openings 24 and 25 and arranged within the barrel 18.
The core element 26 is formed of magnetic material and
the outer end thereof comprises a pole end terminating
adjacent to the outer end of the barrel 18. Arranged in
the outer end of the barrel 18 is a pole piece 27 formed
of magnetic material, the pole piece 27 being provided
ith an outwardly directed annular flange 28 engaging the
extreme outer end of the barrel 18, for the purpose of
locating the pole piece 27. Also the pole piece 27 in-
cludes a body 29 arranged within the cuter end of the
barrel 28 and having a pair of lateraliy spaced-apart an-
nular recesses formed therein that receive a cooperating
pair of inwardly directed annular ribs 39 and 31 car
ried by the outer end of the barrel 18. hiore particu-
larly, the preformed pole piece 27 may be placed in the
outer end of the barrel 18, the annular flange 23 engag-
ing the extreme outer end of the barrel 18; and the pair
of ribs 30 and 31 may be rolled into the barrel 18 down
into the pair of recesses provided in the body 25, whereby
the pole piece 27 is securely fastened in place and prop-
erly located. It will be understood that the vole end of
the core element 2& may be adjusted with respect to the
adjacent end of the pole piece 27 to accommodate ad-
justment of an air gap 32 provided therebetween by vir-
tue of the arrangement of the engaging threads provided
in the opening 25 and upon the outer surface of the inner
end of the core element 26, thereby to adjust the mag-
netic reluctance of the composite core of the relay 19.
The inner end of the core element 26 has a slot 33 formed
therein that is adapted to receive a screwdriver, or the
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like, to facilitate the adjustment noted; and the inner end
of the core element 26 also carries a lock nut 34 so that
the adjusted position thereof within the barrel 18 may be
retained by virtue of the cooperation between the lock
nut 34 and the adjacent lower surface of the plate 11.

Further, the relay 19 comprises an armature 35 having
a substantially Z-shape and including a body 36 termi-
nating in two oppositely directed arms 37 and 28. The
arm 37 projects forwardly with respect to the associated
upper end of the body 36 and cooperates with the adja-
cent outer end. of the pole piece 27, while the arm 38
projects rearwardly from the associated lower end of the
body 36 and censtituting a work lever. The armature 35
is formed of magnetic material and is pivotally mounted
upon the upper portion of the body 13 of the field ele-
ment 12 somewhat above the upper end of the barrel 18
and between the arms 14 and 15 of the field element 32.
Specifically a substantially centrally disposed opening 3%
is. formed in the upper portion of the field element 12 at
the junction between the upper end of the body 13 and
the arm 15, whereby two laterally spaced-apart sides 49
extend between the upper end of the body 13 and ths
rear extremity of the arm 15. Further, two laterally
spaced-apart side notches 41 are provided. in the sides 48
that respectively receive two laterally spaced-apart tabs,
not shown, provided on the opposite sides of the arma-
ture 35 adjacent to the junction. between the bedy 36 and
the arm 37 thereof. Thus it will be understood that the
arrangement, comprising the side notches 41 respectively
provided in the lower portions of the sides.40 and merging
into the opening 39 and respectively receiving the tabs,
not shown, provided on the. armature 35, mounts the
armature 35 upon the field element 12 for pivotal move-

ents, the arm 37 of the armature 35 being selectively
movable toward and away from. the pole face of the pole
piece 27 about the tabs, not shown, riding in the side
notches 41.

The. armature 35 is normally biased in: its released po-
sition illustrated by an arrangement comprising a tension
element or spring 42 projecting through the opening 32
and ccoperating between the front end of the arm 37
and a.screw 43. More particularly, a substantially cen-
trally disposed mnotch 44 is.provided in. the front end of
the arm 37 that receives the front end of the spring 42,
the front end of the spring 42: being arranged in the
notch 44 and: hooked over the lower surface of the
outer.end of the arm 37. The rear end of the arm- 15 is
curved both rearwardly and downwardly and.terminates
in a tab 45 having an opening therein in-which the screw
43 is located, the front end of: the screw having a hole
therein that receives the rear end of the spring 42, and
the rear of the screw 43 carrying an asscciated adjusting
nut 46. As described above, the front end of the tension
element 42 is pivotally connected to the front end.of the
arm 37 in the notch 44, while the rear end of the tensicn
element 42 is connected to the screw 43. Thus it will be
understood that when.the nut 46 is rotated, the screw 43
is.moved in the associated opening provided in the tab
45, whereby the position of the front end of the screw
43 is adjusted both in the horizontal: and vertical direc-
tions effecting corresponding movements of the rear end
of the tension element 42. Accordingly, the tension ele-
ment 42 normally biases the armature 35 in the counter-
cleckwise direction about its pivotal mounting; and the
moment of this bias exerted by the tension element 42
upon the front end of the arm 37 may be selectively varied:
or adjusted depending upon the position of the screw 43
in the associated opening provided in the tab 45. The
moment of the bias is adjusted, both by the vibration of
the tension in the spring 42 and by the variation in the ele-
vation of the front end’ of the screw 43-with respect to
the front end of the arm 37.

Further, the relay 10 comprises a stationary switch
spring 47 and a movable switch spring 48, both suitably
mounted upon the plate 11 and insulated from each other.
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The switch springs 47 and 48 are formed of suitable elec-
trical conducting material, and the movable switch spring
48 possesses considerable resiliency. The switch springs
47 and 48 respectively carry stationary and movable con-
tacts 49 and 59 that may be formed of precious metal for
the purpose of making and breaking the electrical circuit
between the switch springs 47 and 48. Also the movable
switch spring 48 carries a pdir of laterally spaced-apart
upstanding drms 51 carrying a laterally extending pin 52
therebetween upon which an insulating roller 53 is
mounted. The roller 33 may be formed of glass, porce-
lain, or the like, and is readily rotatable upen the pin 52
in order to eliminate friction therebetween. The outer
surface of the roller 53 is urged by the resiliency of the
movable contact spring 48 into engagement with the ad-
jacent lower surface of the work lever 38 of the armature
35. When the armature 35 occupies its normal release
position illustrated, the work lever 38 engaging the outer
surface of the roller 53 retains the movable switch spring
48 in its lower position so that the contacts 49 and 59
are disengaged. When the armature 35 is moved into its
attracted position with respect to the pole piece 27, it be-
ing pivoted in the clockwise direction, as illustrated in
Fig. 1, the work lever 38 is effectively moved away from
the pin 52 so that the outer surface of the roiler 53 rolls
upon the adjacent surface of the work lever 38 as the
roller 53 follows the work lever 38 due to the resiliency
of the movable switch spring 48, whereby the contact 59
is moved into engagement with the contact 49, closing the
electric circuit- between the switch springs 47 and 43.
When the armature 35 is moved into its fully atiracted
positions, the work lever 38 disengages the adjacent sur-
face of the roller 53, so as. positively to prevent chatter
of the contacts 58 and 49. Subsequently, when the arma-
ture 35 is returned to its normal released position, as
illustrated in Fig. 1, the work lever 38 engaging the ad-
jacent surface of the roller 53 forces the rolier 53, as well
as the pin 52 and the movable switch spring 48, down-
wardly so that the outer surface of the roller 53 rolling
upon the adjacent lower surface of the work lever 38
moves the movable switch spring 48 in order again to
disengage the movable contact 58 from the stationary con-
tact 42 so as to again interrupt the electric circuit between
the switch springs 47 and 48.

Further, an. arrangement is provided for preventing
chatter of the arm 37 of the armature 35 upon the coop-
erating pole face of the pole piece 27, which arrangement
includes a shading coil 54 formed of copper, or the like.
More particularly, a cross slot 55 is provided in the pole
face of:the-pole piece 27 in order to divide the pole piece
27 to provide two pole projections 56 and 57 thereon, the
shading coil 54 surrounding only the pole projéction 57,
one side. of the shading coil 54 being disposed in the cross
slot. 55. Of: course, this arrangement provides a phase
shift between the magnetic fluxes traversing the pole pro-
jections 56 and 57 in order to eliminate chatter of the arm
37 of the armature 35 with-respect -to the pole picce 27
when the winding 23 is energized with an alternating cur-
rent.. Finally, the upper pole face surface of the pole piece
27 is provided with a thin layer of non-magnetic material
58 for the purpose of preventing sticking of the arm 37 of
the armature 35 to the pole face of the pole piece 27 as a

result of residual magnetism therebetween when the al--

ternating current traversing the winding 23 is reduced to'a
value at which resteration'of the armature 35 is desired.

This thin layer of non-magnetic material 58 carried upon:

the poie face of the pole piece 27 preferably comprises a
plating of copper thercon-having a-thickness within the
range ‘0.001" to 0.005”. The provision of the thin layer

of non-magnetic material 58 breaks the magnetic circuit-

between the pole piece 27 and the-arm ‘37 when the arma-
ture 35 occupies its attracted position, thereby preventing
the sticking mentioned. For-example, in one embodiment
of a marginal relay 10 of the character described, the ad-

justments ‘mentioned ‘were-made-to effect-operation ‘of the’

-
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armature 35 when the alternating current traversing the
winding 23 was increased to 16.0 amperes and restoration
of the armature 35 when the alternating current travers-
ing the winding 23 was reduced to 15.0 amperes; whereby
the pick-up current was found to be substantially constant
at 16.0 amperes, while the drop-ocut current was found to
vary within the range 15.1 to 14.9 amperes, over a wide
range of temperature and other operating conditions,
whereby the approximate value of 15 amperes was closely
held.

In view of the foregoing description of the construction
and arrangement of the relay 10, it will be appreciated
that the characteristics thereof may be adjusted over a
wide range in order to match the characteristics of a wide
range of induction motors of the split phase or capacitor
type. Specifically, the magnetic reluctance of the mag-
netic circuit of the relay 18 may be readily adjusted by
adjustment of the longitudinal positicn of the core ele-
ment 26 within the barrel 18 so as correspondingly to ad-
just the gap 32 between the pole end of the core element
26 and the adiacent surface of the pole pisce 27. More-
over the moment that is exerted by the spring 42 upon the
armature 35 may be readily adjusted by appropriate ma-
nipulation of the mut 46 upon the screw 43. Between
these two adjustments, the alternating currents {raversing
the winding 23 that bring about respective operation and
release of the armature 35 may be selectively adjusted.

Referring now to Fig. 3 of the drawing, a modified form
of the relay is illustrated that comprises the tubular wind-
ing spool carrying member 61, receiving the adjustable
core element 62, and having the pole piece 63 secured in
place in the outer end of the member 61; all in the man-
ner previously described. In this form cf the relay, the
pole piece 63 comprises the body 64 arranged in spaced-
apart relation with respect to the pole end of the core ele-
ment 2 to provide the air gap 65 therebetween; and the
pole face of the pole piece 63 is divided by an annular
recess 66 formed therein to provide a central pole projec-
tion 67 and a surrocunding anular pole projection 638, a
shading ccil 69 being arranged in the recess 66 and sur-
rounding the pele projection 67 for the purpose of shifting
the phase of the fluxes respectively traversing the pole
projections 67 and 68, to achieve anti-chatter of the asso-
ciated armature. Also in this arrangement, the central
pole projection 67 extends above the annuiar pole pro-
jection 62 so that it is directly engaged by the coperating
armature, not shown, thereby separating the armature by
a small gap from the annular pole projection €8 so as to
prevent sticking of the armature as a result of the residual
magnetism therebetween. Finally, the pole faces of the
pole projections 67 and §8 respectively carry thin non-

netallic coatings 79 and 71, formed of a plating of copper,
or the like, in order further to minimize sticking of the
armature with respect to the pole piece 67.

Referring now to Tig. 4 of the drawing, another modi-
fied form of the relay is illustrated that comprises the tubu-
lar winding spool carrying member £1, receiving the ad-
justable core element £2, and having the pole piece 83 se-
cured in place in the onter end of the member 81; all in
the maner previously described. In this form of the
relay, the pole piece 83 comprises the body 84 arranged
in spaced-apart relation with respect to the pole end of
the core element 82 to provide the air gap 85 therebe-
tween; and a longitudinally extending centrally disposed
opening §6 is formed through the pole piece 83, for the
purpose of providing the phase shift in the magnetic fluxes
respectively traversing the body 84 and the opening 86 in
order to prevent chatter of the cooperating armature. In
this connection, it will be understood that the hysteresis
loop of the magnetic material of which the body 84 is
formed will be different from that of the air in the opening
86 to provide the phase shift of the fluxes, as noted above.
Specifically, the body 84 of the pole piece 83 may be
formed of a suitable non-retentative material, such for
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example, as ordinary silicon steel. Finally, the pole face
of the pole piece &3 is provided with a thin layer of non-
magnetic material 87 that may take the form of the thin
plating of copper to prevent sticking of the cooperating
armature, in the manner previously explained.

Referring now to Fig. 5 of the drawing, the further
modified form of the relay is illustrated that comprises
the tubular winding spoel carrying member 91, receiving
the adjustable core element 92, and having the pole piece
63 secured in place in the cuter end of the member 91;
all in the ranner previously described. In this form of
the relay, the pole piece 93 comprises the bedy 94 ar-
ranged in spaced-apart relation with respect to the pole
end of the core element 92 to provide the air gap 95
therebetween; and a longitudinally extending centrally
disposad opening 2¢ is formed through the pole piece 93
and receives a core piece 91 therein. The body 84 of ths
nole nicce 93 is formed of a non-retentative magnetic ma-
having a low hysteresis loss, such, for example, as
yary silicon steel; while the core piece 97 is formed
of a non-retentative magnetic material having a very low
hystervesis loss, such, for example, as “Hypernik,” an
alioy consisting essentially of about 50% nickel and 50%
iron. The arrangement noted provides the phase shift
hetween the fluxes respectively traversing the body 94 and
the core pisce 87 in crder to prevent chatier of the co-
operating armature. In the arrangement, the core piece
97 may take the form of a highly compacted mass of
finely divided magnetic material of the character men-
tioned disposed in the opening 98, or it may be of integral
one-piece constructicon. Finally, the pole faces of the
body 84 and the cove piece %7 are provided with a thin
layer of non-magnetic material 98 that may take the
form of the thin plating of copper to prevent sticking of
the cooperating armature, in the manner previously ex-
plained.

In view of the foregoing, it is apparent that there has
been provided an electromagnetic relay incerporating im-
proved structure for varying the current responses or mar-
ginal characteristics thereof over a wide range, thereby
lending flexibility to the relay for use in the control cir-
cuits of a wide variety of single phase induction motors
of the spiit phase or capacitor type.

While there has been described what is at present con-
sidered to be the preferred embodiment of the inven-
tion, it will be understood that various modifications may
be made therein, and it is intended to cover in the
appended claims all such modifications as fall within the
true spirit and scope of the invention.

‘What is claimed is:

1. An electromagnetic relay comprising a magnetic
field element, a longitudinally extending tubular non-
magnetic metal member secured at its inner end to said
field element, a longitudinally extending winding carried
by said tubular member in surrounding relation therewith,
a substantially plug-like magnetic pole piece secured in
the cuter end of eaid tubular member in fixed relation
thereto, a magnetic armeture, a pivotal connection be-
tween said armature and said field element, said armature
having a free end cooperating with said pole piece and
movable toward and away from said pole piece, means
biasing the free end of said armature away from said pole
piece, said field element having an opening formed there-
in in longitndinal alignment with said tubular member and
communicating with the inner end therecf, a longitudi-
nally extending magnetic core element carried by said
field element within said opening and projecting longi-
tudinally into said tubular member and having an outer
pole end disposed adjacent to said pole piece and spaced
longitudinally therefrom by a gap positioned within said
tubular member and intermediate the ends thereof, and
means for selectively adjusting the longitudinal position
of said core element in said tubular member so as selec-
tively to adjust the length of the gap between the pole
end of said core element and said pole piece,
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2. The electromaghetic velay set forth in- claig 1,
whereint said adjusting meanis comprises eoopérating
thiéads respéctively carried by said field eleraent withisn
said opening and by the irner énd of said cofe clement.

3. An electiomagiietic relay comprising a maghetic
field element, a longitudinally extending tubular nen-
magnetic metal member secured at its inner end to said
field elemient, 4 longitudinally extending winding carried
by said tubular member in surrounding relation there-
with and adapted to be énergized with an alternating ciu-
rent, said tubular membér being split longitudinally to
interrupt the eddy current path therearound, a substan-
tially plug:like magnetie pole piece sscured in the outer
end of said tubular member in fixed relaticn thereto, a
magnetic armature, a pivotal connection between said
armature and said field element, said armature hav-
ing a free end cooperating with said pole piece and mov-
able toward and away from said pole piece, means bias-
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ing the free end of said armature away from said pele -

piece, said field element having an opening formed there-
in in longitudinal alignment with said tubular member
and communicating with the inner end thereof, a longi-
tudinally extending magnetic core element carried by
said field elemient within said opening and projecting
longitudinally into said tubular member and havidg an
outer pole end disposed adjacent to said pole piece and
spaced longitudinally therefrom by a gap positicned with-
in said tubuldr member and intermediate the ends thereof,
and means for selectively adjusting the longitudinal posi-
tion of said core element in said tubular member so as
selectively to adjust the length of the gap between the
pole end of said core element and said pole piece.

4. An electromagnetic relay comprising a magnetic
field element, a longitudinally extending tubular non-
magnetic metal member secured at its inner end fo said
field element, a longitudinally extending winding carried
by said tubular member in surrounding relation there-
with dnd adapted to be energized with an alternating cur-
rent, a magnetic drmature, a pivotal connection between
said armature and said field element, sdid armature hav-
ing a free end movable foward and away from the outer
end of said tubular member, means biasing the free end
of said armature away from the outer end of said tubular
member, a substantially plug-like magnetic pole piece
secured in the outér énd of said tubular member in fixed
relation theréto and divided to provide two pole projec-
tionis extending longitudinally into cooperating relation
with thie free end of said armature, a shading coil sur-
rounding one of said pole projections in order to produce
a phase shift between the magnetic fluxes in said vole
projections when said winding is energized so as to pre-
vent chatter of said armature. said ficld element having
an opening formed therein in longitudinal alignment with
said tubilar member and communicating with the inner
end thereof, a longitudinally extending magnetic core ele-
ment carried by said field element within said opening
and projecting longitudinally into said tubular member
and having an outer pole end disposed adjacent to said
pole piece and spaced longitudinally therefrom by a gap
positioned within said tubular member and intermediate
the ends thereof, and means for selectively adjusting the
longitudinal position of said coré element in said tubular
member so as selectively to adjust the length of the gap
between the pole end of said core element and said pole
piece.

5. The electromagnetic relay set forth in claim 4, and
further comprising 4 thin layer of non-magnetic material
carried by the outer end of said pole piéce and engaged
by the free end of said armature so as to prevent the free
end of said armature from sticking to said pele piece by
residudl magnetism- therebetween when the alteriiating
current traversing sdid winding is reduced to a value at
which the releéase of said armature is desired.

6. The electromagnetic relay set forth in claim 5,
-wherein one of said pole projectionis is longer than the
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othér ifi- order that oiily sgid one pole projection is en-
gaged by the free énd of said armatire so as to prévent
the fre¢ éid of said armature from sticking to said pols
piece by residual magnetism therebetween when the al-
terdating current traversing $aid winding is reduced to a
value at which the reledse of said armature is desired.

7. An electromagnetic relay comprising a magnetic
field element, a longitudinally extending tubular non-mag-
netic metal member secured at its inner end to said field
clement, a longitudinally extending winding carried by
said tubtlar mmber in surrounding relation therewith and
adapted to be eiiergized with an alternating current, a
magnetic armature, a pivotal connection between said
armature and said field element, said armature having a
free end movable toward and away from the outer end of
said tubular member, means biasing the free end of said
armature away from the outer end of said tubular mem-
ber, a substantially plug-like magretic pole piece secured
in the cuter end of said tubular member in fixed relation
thereto and having an outer end provided with a pole
face cooperating with the free end of said armature, the
outer end of said pole piece projecting longitadinally be-
yond the cuter end of said tubular member and carrying
a laterally extending locating flange engaging the outer
ead of said tubular member and the inner end of said
pole piece terminating within said tubular member, said
pole piece including a body having a hole extending
longitudinally therethrough between the inner and outer
ends thereof in order to produce a phase shift between
the magnetic fluxes in said hole and in the surrounding
portion of said body when said winding is energized so as
to prevent chatter of said armature, said ficld element hav-
ing an opening formed therein in longitudinal alignment
with said tubular member and communicating with the
inner end theerof, a longitudinally extending magnetic
core element carried by said field element within said
opening and projecting longitudinally into said tubular
member and having an outer pole end disposed in longi-
tudinal alignment with said hole and arranged adjacent
to the inner end of said pole piece and spaced longitudi-
nally therefrom by a gap positioned within said tubular
rhemmber and intermedijate the ends thereof, and means for
selectively adjusting the longitudinal position of said core
elemént in said tubular member so as selectively to ad-
just the length of the gap between the pole end of said
core element and the inner end of said pole piece.

8. An electromagnétic relay comprising a magnetic
field element, a longitodinally extending tubular non-
magnetic metal member seciired at its inner end to said

, field element, a lengitudinally extending winding carried

by said tubular member in surrcunding relation there-
with and adapted to be energized with an alternating cur-
rent, a magnetic armature, a pivotal connection between
said armature and said field element, said armature having
a free end movable toward and away from the outer end
of said tubular meinber, means biasing the free end of
said armatute away from the outer end of said tubular
fember, a_substantially plug-like pole piece secured in
the outer end of said tubular member in fixed relation
thereto and having an outer end projecting longitudinally
beyond the duter end of said tubular member and pro-
vidéd with a pole face cooperating with the free end of
said armature and having an inner end terminating with-
in said tubular membér, said role piece includinig a Gody
having a licle extending longitudinally therethrough be-
tween the inner and oufer ends thereof, a longitudinally
extending pole core secured in place in said hole, said
pole piece and said pole core being formed of magnetic
materials having different magnetic hysteresis loss char-
acteristics in order to produce a phase shift between the
magnetic fluxes therein when said winding is energized
50 ds to prevent chattér of said armature, said field ele-
ment having an opening formed therein id longitudinal
alignment with said tubular member and commiunicat-
ing with the infier’ end thereof, a longitudisially éxténding
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magnetic core element carried by said field element with-
in said opening and projecting longitudinally into said
tubular member and having an outer pole end arranged
adjacent to the inner ends of said pole piece and said
pole core and spaced longitudinally therefrom by a gap
positioned within said tubular member and intermediate
the ends thereof, and means for selectively adjusting the
longitudinal positicn of said core element in said tubular
member so as selectively to adjust the length of the gap
between the pole end of said core element and the inner
ends of said pole piece and said pole core.

9. The electromagnetic relay set forth in claim 8,
wherein said pole piece is of integral construction of a
material having a low magnetic hysteresis loss, and said
pole core is of composite construction of a compressed
mass of magnetic particles having a very low magnetic
hysteresis loss.

10. The electromagnetic relay set forth in claim 8,
wherein the outer end of said pole core is disposed sub-

stantially flush with the outer end of said pole piece and 20

is also provided with a pole face cooperating with the
free end of said armature, and further comprising a thin
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layer of copper carried by the pole faces of said pole
piece and said pole core and engaged by the free end of
said armature so as to prevent the free end of said arma-
ture from sticking to said pole faces by residual magne-
tism therebetween when the alternating current traversing
said winding is reduced to a value at which the release of
said armature is desired. )
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