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@ Electromagnetic drive and poiarized relay.

@ A polarized relay with an electromagnetic drive com-
prises an electromagnetic yoke composed of a core (13)
wound with a coil (14) and a yoke body (16), and having one
end portion (13a) of one magnetic polarity and a pair of
bifurcated end portions (19a, 19b) of the other magnetic
polarity opposite tothe one magnetic polarity. The bifur-
cated end portions are separated in opposition from each
other. The one end portion of the yoke is disposed between
the bifurcated end portions sc as to cooperate to form a pair
™= of working gaps (20a, 20b). A movable block (23) of a sub-
< stantially C-like configuration incorporating a permanent
magnet (21) has two magnetic pole pieces (22a, 22b) which
m are disposed within the working gaps, respectively. Guide
is provided for guiding the movable block in response to
. N energization and deenergization of the coil so that the pole
pieces are movable within the respective working gaps. A
contact mechanism including movable contacts is
I~ mechanically coupied to the movable block to make or
Iﬂ break circuit.
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Specification
TITLE OF THE INVENTION

Electromagnetic Drive and Polarized relay
BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to an electromagnetic
drive unit destined to be used in a relay apparatus and
a polarized relay of the type in which relay contacts are
driven by a movable member or block adapted to be
operated through energization of the electromagnetic
drive unit.

Description of the Prior Art.

In the hitherto known polarized relay apparatus, the
contacts are operated by means of a drive mechanism
which comprises such an electromagnetic drive unit or
assembly as shown in Figure 1 of the accompanying
drawings. Referring to the figure, the electromagnetic
drive assembly is composed of a permanent magnet 1 and a
pair of inverted C-like armature plates 2 and 3 between
which the permanent magnet 1 is sandwiched in such
orientation in which the axis of magnetization of the
permanent magnet 1 extends perpendicularly to the
armature plates 2 and 3. A bar-like iron core 5 wound
with the coil 4 is disposed between the armature plates
2 and 3 with both ends of the core 5 being positiomed in
the air gaps defined, respectively, by the opposing end
poles of the armature plates 2 and 3. When a current is
supplied to the coil 4, the armatures 2 and 3 are
rotated about a pivotal shaft 6 in either one of
directions indicated by a double-head arrow S in depend-

ence on the direction of the supplied current, whereby a
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movable contact plate or piece of a contact mechanism is
operated in the direction to open or close the contacts.
The prior art electromagnetic relay shown in Figure 1
however suffers from drawbacks mentioned below. 1In the
present state of technology in the concerned field, the
electromagnetic relay tends to be miniaturized so that it
can be mounted on a substrate for a printed circuit. In
this connection, it is noted that the whole length of the
hitherto known electromagnetic drive unit or assembly is
necessarily increased due to the fact the air gaps for
allowing movement of the armatures 2 and 3 are provided
at both ends of the iron core 5 wound with the coil 4.
Besides, because of such structure that the coil assembly
is disposed as overlying the armature block of a substan-
tial thickness, an increase in height is involved,
resulting in a bulky structure which contradicts to the
trend of miniaturization of the electromagnetic relay.
It should further be added that there is a great distance
between the permanent magnet 1 and each of the air gaps,
giving rise to significant leakage of the magnetic flux
and hence low sensitivity of the electromagnetic relay.
As another example of the electromagnetic drive unit
for the polarized relay apparatus, there has been known a
structure in which an E-like iron core is employed
(reference may be made to Japanese Patent Publication No.
30232/1982, by way of example.) According to this prior
art, an E-like iron core 7 having three legs 7a, 7b and
7c is used, wherein the mid leg 7b is wound with the
coil 4, as is shown in Figure 2 of the accompanying
drawings. A C-like movable element block generally

denoted by 12 is constituted by a permanent magnet 9
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sandwiched between two pole pieces or plates 10 and 11
with the axis of magnetization of the magnet 9 extending
perpendicularly to the pole pieces 10 and 11. The legs
or free ends of the pole pieces are, respectively,
disposed within air gaps (also referred to as the working
gaps) 8 defined by the three legs 7a, 7b and 7c of the
E-like core 7. When the coil 4 is electrically energized
in one direction, the movable element or block 12 is
moved to the right as viewed in Figure 2, to form a close
magnetic circuit. On the other hand, when the coil 4 is
supplied with a current in the other direction, the
movable block 12 is displaced to the left, whereby the
contacts are closed or opened in response to the movement
of the block 12 to which the contact mechanism is
connected., This electromagnetic assembly is disadvantage-
ous in that width of the assembly is remarkably increased
to make it difficult or improper to incorporate the
electromagnetic relay in electronic and electric apparatus
which are increasingly required to be implemented in a
miniature size., Such large width may be explained by the
fact that, assuming the required magnetic path cross-
sectional area of the center leg 7b wound with the coil 4
to be represented by a, the total cross-sectional areas
of three legs 7a, 7b and 7c amount to 3 X a, whereby the
lateral dimension or width of the electromagnetic drive
assembly is correspondingly enlarged, which is further
increased due to the necessity of provision of the

working air gap 8 which encloses the coil 4.
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SUMMARY OF THE INVERTION

It is therefore an object of the present invention
to provide an improved electromagnetic drive apparatus
for a polarized relay which is immune to the disadvantages
of the hitherto known electromagnetic drive and suited
to be implemented in a miniature size.

Another object of the present invention is to
provide a polarized relay which is equipped with a
miniaturized electromagnetic drive for operating relay
contacts and exhibits a high sensitivity.

Still another object of the present invention is
to provide an electromagnetic drive apparatus which
can be used for a polarized relay either of latching
type or momnostable type.

A further object of the present invention is to
provide an electromagnetic relay apparatus of an
improved structure in which a coil spool assembly
constituting a main part of the electromagnetic drive
apparatus can be offhand secured to a terminal-pin
(post) carrying base plate through a single stroke
of operation in a much simplified mammer.

In view of the objects mentioned above, the
present invention is characterized in that a yoke
structure for the electromagnetic drive assembly is
miniaturized. More particularly, an iron core wound
with a coil is so disposed as to extend substantially
in parallel with a yoke body to constitute a yoke,
wherein one end portion of the yoke is diburcated

into two end portions between with the other end of
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the yoke, i.e. end portion of the iron core is
disposed to thereby define air gaps (working gaps)
through cooperation with the bifurcated end portions
mentioned above. A movable block constituted by a
permanent magnet sandwiched between a pair of side
pole pieces or plates is so disposed that the pole
plates are movably positioned in the air gaps,
respectively. The iron core and the yoke body may
be vertically juxtaposed in parallel or horizontally
juxtaposed. In either case, the yoke has a pair of
legs constituted by the core and the yoke body,
respectively.

With the structure of the electromagnetic drive
according to the invention, the working air gaps are
provided only at one end of the electromagnetic drive,
Thus, the overall length of the electromagnetic drive
can be significantly decreased. Further, because the
armature constituted in part by the movable block is
positioned only at one end of the coil, the height |
of the electromagnetic drive can also be reduced.
Moreover, since the end of the core and the difurcated
end portions of the yoke body can be positioned closer
to the permanent magnet constituting a part of the
movable block, leakage of the magnetic flux can be
minimized to allow the contact driving structure
having an enhanced sensitivity to be realized. The
electromagnetic drive according to the invention can
thus be implemented in a much reduced size while

assuring a high sensitivity. The hitherto known
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electromagnetic c<rive such as shown in Figure 2 has
an E-like ycke having a center core wound with a coil
and a pair of lateral legs. In contrast, the yoke of
the electromagnetic drive according to the invention
has only two legs. This means that the lateral
dimension or width of the electromagnetic drive
apparatus can be reduced at least by a dimension
corresponding tc one leg.

In a preferred embodiment of the present invention,
the iron core wound with the coil has an end portion
provided with a pair of magnetically shielding plates
of different thicknesses attached, respectively, to
the lateral sides of the iron core so that the
exposed surfaces of the shielding plates are located
equidistant from the center axis.of the iron core.
With this structure, a so-called monostable type
electromagnetic drive can be realized. Imn this
structure, the movable block of the latching type
electromagnetic drive can be equally used without
requiring adjustment cf the force of contact biasing
springs or need for additional parts, whereby the’
latching type can be readily transformed to the
monostable type relay and vice versa.

In a further embodiment of the present invention,
the area over which one of the pole plates of the
movable block is brought into contact with the iron core
is selected smaller than the area over which the other
pole plate is brought into contact with the core,

whereby the monostable electromagnetic drive is
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realized, More specifically, in the case of the
hitherto known polarized relay, the area over which
the core contacts with either of the pole plates of
the movable block remains constant. Accordingly,
it is required to positively stabilize both the set
and reset states of the polarized relay by overcoming
the intrinsic resiliency of the movable contact bars,
In contrast, according to one exemplary embodiment
of the present invention, the contacting area between
the iron core and the pole plate of the movable block
is selected greater in the reset state than in the
set state which is established through excitation
of the coil wound on the core. Accordingly, the
polarized relay is stablized in the reset state in
which the excitation of the coil 1is not effected.
In this sense, this type structure may be referred

to as the monostable relay.
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The difference in the contacting area between the set and the
reset states can be readily accomplished by slightly modifying
the relative positions of both the pole plates of the movable
block relative to the iron core.

In a further embodiment of the present invention,
the polarized electromagnétic relay apparatus in which a coil
spool assembly is destined to be assembled on a terminalpin
carrying base plate, comprises a coil spool having a pair of
end collars, a flexible projecting piece formed in one of the
collars and having a stopper, & Supporting offset portion
formed in the other collar, terminal members for the leads of
the coil anchored in the other collar, a latch projection
formed in the top surface of the base plate at a pogition near
one end thereof and having a latch hole, a jaw like offset
portion formed in the base plate at the other end opposite to
aforementioned one end, wherein the coil spool assembly is
fTixedly mounted on the base plate through engagement of the
Tlexible projecting piece with the latch heole and fitting of
the Jjaw-like offset portion of the base plate onto the
supporting offset portion of the spool. By virtue of this
structure, the c¢oil spocl assembly can be offhand mounted
fixedly on the base plate without requiring any other fixing
or c¢lamping members, while assuring a high precision
positioning and inexpensive assembling.

The above and cother objects, features and
advantages of the presant invention will be more apparent

from the following description made by reffering to the
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Fig. 1 is a schematic perspective view showing a

main portion of a hitherto known electromagnetic drive

apparatus;

Fig. 2 is a schematic top plan view of another

hitherto known electromagnetic drive apparatus;

Fig. 3 is a schematic perspective view showing

an electromagnetic drive apparatus according to a first

embodiment of the present invention;

Fig 4 is an exploded perspective view of a

polarized relay incorporating the electromagnetic drive

apparatus shown in Fig.3;

v

Fig. S5 is an exploded perspective view showing

the polarized relay of Fig. 4 at an intermediate step of

assembling ;

Fig. 6 is a perspective view for illustrating of a

coil spool assembly on a terminal-pin carrying base plate

upon assembling the polarized relay shown in Fig.

4,

several

parts being omitted from illustration for clarification

thereof ;

Fig. 7 is a side elevational view showing the

polarized relay in the assembled state with several parts

being omitted from illustration

Fig. 8 i3 a schematic perspective view showing an

electromagnetic drive apparatus according to a second

embodiment of the invention
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Fig. 9{a) 1is a schematic perspective view showing

an electromagnetic drive apparatus according to a third

embodiment of the invention ;

Fig. 9{b) is a side elevational view showing the
electromagneiic drive apparatus shown in Fig. 9{(a} ;:

Fig. 10 1s a. schematic perspective view showing an
electromagnetic drive apparatus acceri.ing to a fourth

embodiment of the present invention ;

Fig. 11{(a) is & view showing a structure of a free
end portion of an iron core to be used in a monostable type

electromagnetic drive apparatus according to the fourth

embodiment ;

Pig. 11{b) is a view similar to Fig. 11{a) and
shows the core structure for use in a latching type

electromagnetic drive apparatus ;

Fig. 12(a) is a view illustrating a structure of a
free end portion of an iron core to be used in a monostable
type electromagnetic drive apparatus according to the fourth
embodiment

Fig. 12(b) is a view similar to Fig. 12(s) and
showgs the core structure for use in a latchiong type

electromagnetic drive apparatus ;

Fig. 13 is a schematic perspective view showing an
electromagnetic drive apparatus according to a fifth

embodinment of the present invention

Fig. 14 is a view for illustrating a contacting

state of an iron core and one pole plate of a movable block
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in the reset state of the electromagnetic drive apparatus
shown in Fig. 13 ;

Fig. 15 is a view showing a contacting state of an
iron core and the other pole plate of the movable blockrin the
set state of the electromagnetic drive apparatus shown in
Fig. 13 ; ‘

Filg. 16 is an exploded perspective view showing a
polarized relay incorporating the electromagnetic drive
apparatus shown in Fig. 13 ; and

Fig. 17 is a view for graphically illustrating
operation characteristics of the polarized relay shown
in Fig. 16 .

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Now, the invention will be desc¢rived in conjdktion
with an electromagnetic drive unit and a polarized electro-
magnetic relay which incorporates the electromagnetic drive
apparatus accoding to exemplary embodiments of the present
invention.

Fig. 3 to S show a first exemplary embodiment of the
invention which concerns an improved electromagnetic drive
unit or apparatus, a polarized electromagnetic relay
incorporating the electromagnetic drive apparatus and a
structure of the electromagnetic relay'which allows the
relay to be assembled in & facilitated manner. In this
1llustrated embodiment, the electromagnetic drive apparatus
comprises an iron core 13, a yoke 15 constituted by a yoke
body 16 extending in parallel with the iron core 13 and

having a free end portion bifurcated so as to form a pair of
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oppositely facing upstanding ears or legs 19a and 19 with a
predetermined distance therebetween, wherein the free end or
head porticn 13a of thke bar-like iron core 13 is disposed
between the legs 18a and 19b with air gaps 20a and 20b being
defined at both sides, respectively. A movable block
generally denoted by 23 which corresponds to the movable
element 12 of the prior art electromagnetic drive shown in
Fig. 2 is composed of a permanent magnet 21 sandwiched between
a pair of magnetic side plates cr pole pleces 22a and 22b in
such an crientation in which the axis of magnetization of the
permanent magnet 21 extends perpendicularly to the plates

22a and 22b. This movable block 23 i1s generalily in a C-like
configuration and so disposed that the legs of the movable
block 23 constituted by the magnetic pole plates 22a and 22b,
respectively, are positioned in the air gaps 20a and 20b
slideably in the lateral directiocns as indicated by an
double-headed arrow Q-Q'. A c¢oil 14 is wound around the
bar-like iron éﬁre 13. VWhen the coil 14 ias electrically
energized in one direction, the core 13 is magnetized, whereby
the movable block 23 is caused to move in the direction
indicated by the sarrow Q.

Referring Yo Figs. 4 and 5, a reference numeral 30
generally Indicates a bobbin or spool which is wound with the
ccil 14 and has a collar 31 at which a terminal post 32 is
provided for leading out a coil conductor. A front collar 33
is provided with a pair of guide projections 34a and 34b at a

same height, each of the guide projections being generally in
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a L-like configulation each having a upstanding verticalear.

A numeral 35 denotes a rectangular through-hole into which

the bar-like 1ron core 13 having a head or free end portion
13a is inserted. In the state in which the bar-like iron

core 13 is inserted into the bore 35 of the coil spool 30,

the head portion 13a bears on the outer surface of the collar
33 and projects from the latter, while the other end portion
denoted by 13b snugly fitted in a through-hole 18 formed in
an upstanding wall 17 which is provided at the rear end of the
yoke body 16 of the yoke 15, as viewed in Fig. 4. In this
state, the yoke body 16 extends in parallel with the 1ron core
bar 13 wound with the coll 14. In opposition to the end of
the yoke body 16 at which the upstanding wall 17 is formed,
there are formed a pair of the upstanding opposite pole plates
18a and 19b mentioned above which may be realized by bending
upwardly the lateral arms of the generally T-like yoke body
16. The head or free end portion 13a of the bar-like iron
core 13 is positioned at a center between the upstanding pole
plates 19a and 19b, whereby air gaps or working gaps 20a and
20b are defined between the inner surface of the upstanding
pole plate 19a and one side surface of the core end portion
13a on one hand and between the inner surface of the
upstanding pleate 19b and the other side surface of the end
portion 13a on the other hand. As described hereinbefore, the
movable block 23 is constituted by the permanent magnet 21 and
the pair of magnetic side plates (pole pieces) 22a and 22b

between which the permanent magnet 21 is sandwiched with the
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magnetization axis thereof extending perpendicularly to the
plates 23a and 23b. The movable block 23 thus assembled is
generally in a C-like configulation as from the above and

held together by a frame-like holder generally denoted by 26

in such a manner in which lower portions of the magnetic side
or pole plates 22a and 22b &re exposed outwardly from the holder
26 towards the rear as shown in Fig.5. The frame-like

holder 26 has arms 24a and 24b formed at an upper end thereof
and extending in lateral directions, respectively. These arms
242 and 24b have respective lower edges formed wlith notches 25a
and 25b. When the arms 24a and 24b are slideably placed in the
L-like guiding projections 34a and 34b of the front collar 33
of the coil spool 30 mentioned heretofore, the magnetic pole
pieces 22a and 22b of the mowvable block 26 are movably
positioned within the air gaps 22a and 22b defined between the
core end pertion 13 and the upstanding opposite magnetic plates
192 and 19b, respectively. In this state, movable contact
pPlates or bars 50a and 50b of relay contact mechanisms 48a and
49b engage in the notches 25a and 25b, respectively, of the
arms 24a and 24b of the holder frame 26. A reference numeral
38 denotes a cover which is on the relay structure generally
designated by 39.

Next, descripticn will be made of a mannher in which
the ¢o0il spocol assembly 30 ig combined with a terminal-pin
carrying base plate 37 by also referring to Fig. 6 and 7 in
which several components such as the terminal-pins, cores

and others are omitted from illustration for clarification of
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the drawings. The terminal-pin carrying base plate 37 has a
top surface 37a on which an engaging proJjection 40 having a
latch hole 40a is formed at a position closer to the front
edge of the base plate 37, as viewed in Figs. § and 7.
Although the latch hole or aperture 40a is of an elongated
rectangular form in the case of the illustrated embodiment,
the shape of the hole 40a may be modified as to comply with
the configuration of flexible locking members 43 and 44
descrived hereinafter. The base plate 40 has a rear edge in
which a pair of jaw-like offset portions 4la and 41b are
formed at both =ides, respectively,with a central offset por-
tion 42 being formed between the lateral offset portions 41a
and 41b. The front collar 33 has a pair of flexible or
deformable projecting pieces 43 and 44 formed at the bottom
end and projecting forwardly in parallel with each other.
The flexible projecting pleces 43 and 44 have respective
free ends formed with slanted side surfaces 43a and 44a
tpered towards the tips so0 as to define stopper surfaces 43b
and 44b, respectively. On the other hand, the lower portion
of the rear collar 31 is formed integrally with a terminal
holder 31a in which supporting Offset portions 45 are formed
at both sides with a recess 46 being formed at a center
bottom portion of the collar 31, as is clearly shown in Fig.6.
It is now assumed that a distance between the pair
of the flexible projecting pieces 43 and 44 is represented by
A, the thickness of which is represented by B, and that the

width of the latch hole 40& of the engaging projection 40 1is
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represented by A' with the height of the hole 40a being
represented by B', as is shown in Fig. 6. Further, the
distance between the level of the offset portion 45 and the
top surface of the recess 46 is represented by C while the
thickness of the jaw-like offset portion 41a, 41b is
represented by C'. Then, these dimentions A, B, A*', B',6 C
and C! are so selected as to satisfy the following conditions:

ALA!

B=<B!

c=c

On these conditions, the coil spool assembly 30

is assemﬁled with the terminal-pin (post) carrying base plate
37 by meving the coil spool assembly 30 in sliding contact
with the top surface 37a of the pin carrying base plate 30
so that the flexsible projecting pleces 43 znd 44 are inserted
through the latch holes 40a, the jaw-like offset portions
41la and 41b are complementarily engaged with the supporting
offset portions 45, respectively, and that the central
projection 42 is ritted into the recess 46. It will be
noted that when the flexible projecting pieces 43 and 44 are
inserted into the latch hole 40a, the tapered surfaces 43a and
44a bear on both lateral inner surfaces of the engaging projec-
tion 40 to be resiliently deformed toward each other. After
having passed through the hole 40a, the projecting pieces
43 and 44 are restored to the original state due to an
intrinsic elastic restoring force. Then, the stoppers 43a
and 43b snugly engage with the projection 40 to positively

maintain the engaged states between the Jaw=-llke offsets 4la
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and 41b and the supporting offsets 45 on one hand and between
the center projection 42 and the recess 46 on the other hand,
whereby the coil spool assembly 30 is integrally and fixedly
combined with the terminal-pin carrying base plate 37. This
assembling can be ofrfhand accomplished through a single stroke
of job in a much facilitafed manner without fail. Additionally,
the relative positioning of the coil spool assembly 30 and

the base plate 37 can be attained with high precision.

Reference numerals 32 and 47 denote terminal posts to which
leads 30a and 30b of the coil wound on the spool are connected
by soldering or the like means. A reference numeral 48 generally
denotes a contact mechanism comprising movable contacts and

-

stationary contacts.
In the hitherto known electromagnetic relay apparatus,
it is common that the coll terminal-pin or post is anchored
in the terminal-pin carrying base plate 37. In contrast, in
the case of the illustrated embodiment of the present invention,
the coil terminal pin 47 {3 mounted on the terminal holder 31a
formed integrally in the collar 31 of the coil spool assembly
30, the reason for ehich will be mentioned below. In the case
where the coil terminal pin or post 37 is anchored in the base
plate 37 as in the conventional electromagnetic relay, the
coil lead 30b is allowed to be connected to the coil terminal
pin 32 by soldering or the like only after the coil spool
assembly 30 has been secured to the base plate 37. As the
consequence, a delicate work of connecting the coil lead 30b

to the terminal pin or post 32 by soldering must be performed
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in a much restricted or narrow space, giving rise to a
problem or difficulty concerning the assembling of the relay
apparatus, particularly in connecting the lead to the terminal.
On the contrary, in the case of the illustrated embodiment
of the invention, since the coil terminal pin 32 is mounted
on the terminal holder 31-formed in the coliar 31 of the spool
30, soldering of the coil lead to the terminal 32 can be
carried out before the coll =zpocl assembly 30 is mounted on
the base plate 37. Thus, the connection of the coil lead to
the associated terminal pin can be realized very easily
because relatively large space is gvailable for the soldering.
Additionally, the anchoring of the coil terminal pin
32 in the terminal holder 31la increases the rigidity of the
mounted terminal pin 32. This will be explained below. It is
assumed that the thickness of the terminal-pin carrying base
plate 37 is represented by H' while that of the terminal holder
31a is represented by H. Then, the rigidity can be assured
by selecting the dimentional relationship such that H>H!'.
The reason will be clearly seen from Fig. 7. Since the top
surface 31b of the terminal holder 3la must be higher than the
top surface 37a of the base plate 37 in order that the center
projection 42 can be fitted in the recess 46, the condition
that HD> R' can be readily realized. It is then apparent that
the rigidity of the coil terminal pin 32 anchored in the termi-
nal holder portion 31la of a greater thicknegs H is enhanced
when compared with the coil terminal pin anchored in the base

plate of a amalier thickness H'.
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In the latching type electromagnetic relay apparatus
of the structure described above, the free end or head portion
13a of the core 13 is polarized in the south (S) polarity when
the core 13 is magnetized in the direction indicated by the
arrow P by supplying the current to the coil 14 in the corres-
ponding direction, whereuéon the bifurcated opposite pole
plates 19a and 19b of the yoke 15 are polarized in north (N)
polarity, resulting in that the movable block 23 is moved in
the direction indicated by the arrow @, as is shown in
Fig. 3. 1t will be readili understood that the lateral move-
ment of the block 23 is accompanied by the movement of the
movable contacts 50a and 50b to make or break the circuit
with the stationary contacts 49a and 49b.

Fig. 8 shows a second embodiment of the present
invention. 1In the case of the latching type electromagnetic
drive appparatus according to this second embodiment, a
bar-like core 53 wound with a coil 14 is formed integrally
with a yoke body 56 to constitute a yoke generally designated
by 55 in which the core 7 1s juxtaposed in parallel with the
yoke body 56, The other end portion of the yoke body %6 is
bifurcated into a pair of oppositely facing pole plates 57a
and 57b with a distance therebetween which is large enough
to accommodate the head or end portion 53a of the c¢ore 53,

The opposite pole plates 57a and 57b are integrally connected
to each other by a connecting web 58 extending below the core
end portion 53a. The inner surface or wall 56a of the yoke

body S8 i3 retracted from the end face of the pole plate 57a
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so as to make avalleble 8 space for accommodating the coil

14 even of a large diameter. A reference numeral 23
generally denctes a movable block constituted by a permanent
magnet 21 and a pair of pole plates or pieces 22a and 22b
between which the permanent magnet 21 is fixedly mounted in
the end abutting relation.in a general C-like configuration.
The pole pieces 22a and 22b are laterally movably disposed
within air gaps {working gap) defined between the core end
portion %3a and the oppositely facing pole plates or legs 57a
and 57b, respectively. The movable block 23 is secured in a
holder frame 26 to which the mcvable contact plates 50a and
S0b of the contacts 4%a and 49b described hereinbtefore in
cenkunction with the first embodiment are connected so that
the contacts 4%a and 49b are opened or closed upon movement
of the movable block 23. When the coil 14 is excited in the
direction indicated by an arrow ? in the state of the mcvable
block 23 shown in Fig. 8, the core head or end portion 53a is
magnetized with the south (S) polarity while the oppositely
facing plates 57a and 57b are magnetized in the north (N)
polarity. Thus, the movable block 23 is caused to move in
the direction indicated by an arrow @, resulting in that the
pole piece 22b being attracted to.the plate 57b with the

pole plece 22a being attracted to the core end portion 53a.
Starting from this state, energization of the c¢cil 14 in the
direction indicated by an arrow P' causes the movable block 23
to be moved in thedirection indicated by an arrow Q' to be

reset to the original position shown in Fig. 8.
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Fig. 9 shows an electromagnetic drive apparatus
of latching type according to a third exemplary embodiment
of the present invention. The structure of the electromagnetic
drive shown in Fig. 9 is basically identical with that of the
electromagnetic apparatus shown in Fig. 3 except that the
connecting web of the oppositely disposed pole plates 19a
and 19b is connected tothe yoke body 16 through an offset
portion 59, as shown in Fig. 9(b). This structure is effective
to prevent the ¢oil 14 of a large diameter wound on the
bar~like iron core 13 from interfering with the yoke body 16.

Figs. 10 to 12 shows a fourth embodiment of the
present invention. Although the electromagnetic drive apparatus
according to the instant embodiment is basically of the same
structure as that of the first embodiment, the former differs
from the latter in that a palr of magnetically shielding
plates 60z and 60b are mounted én the head or end portion of
the core 13 at both sides in opposition to each other, the
core 13 being wound with a coll 14, 1In this connection, it is
to be noted that the magnetically shielding plate 60a is thicker
than the other plate 60a, and both plates are press-fitted in
recesses 6ia and 61b formed in the core 13 so that the exposed
surfaces of both shield plated 60a and 60b are located
equidistant from the center axis of the core 13, as is
shown in Fig. 11(a). This core structure is employed in the
monostable type relay, as described hereinafter. Such
press-fitting can easily-practiced in view of the fact that
the magnetically shielding plate is usually of stainless stsel

while the core is generally of soft iron. On the other hand,
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Fig. 11{p} shows a latching type core structure 113 in which
magnetically shielding plates 160a and 160b of a substantially
same thickness are press-fitted in the recesses 16la and

161b, respectively. Accordingly, when the magnetically shiel-
ding plates 160a and 160b of different thickness are press-
fitted in the recesses 16la and 161b of the iron core 113
destined to be used in the latching or bistable type
electromagnetic drive apparatus, the latter is converted to
the monostable electromagnetic drive.

The securing of the magnetically shielding plates
60a and 60b may be realised by bonding in place of the press-
fitting. In a version shown in Fig. 12(a), a recess 6la is
formed only in one side surface of the iron core 13. By
mounting the magnetically shielding plate 6la in the recess
61la with the other shielding plate 60b being bonded or
welded to the other flat side surface of the core 13, the
exposed surface of both the shielding plates 60a and 60b
can be positioned equidistantly from the center axis of the
iron cere 13, Referring to Fig. 12(b), there is shown a
structure of the iron core 113 used for a latching type
electromagnetic drive apparatus in which the shielding plates
i60a and 160b both of a same thickness are bonded to the flat
side surfaces of the core 113, respectively.

The structure and the action of the movable block 23
are equivalent to those of the preceding embodiments.

In the electromagnetic drive of the structure desc-
ribed just above, excitation of the coil 14 in the direction

indicated by an arrocw P causes the free end {(or head) portion
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of the bar-like iron core 13 to be polarized in S polarity
and the oppositely facing pole plates 1Sa and 19b located at
the bifurcated ends of the yoke body 16 are magnetized in N
polarity. ©Since the free end portions of the magnetic pole
pieces 22a and 22b of the movable block are magnetized in N
and S polarities, respectively, under the action of the perma-
nent magnet 21, the movable block 23 is translated in the
direction indicated by an arrow Q under attracting and repuls-
ing forces exerted to the magnetic pieces 19a and 18b. At that
time, the movable contact plates linked to the movable block
23 are operated to close normally opened contacts.

Upon deenergization of the coil 14, the movable .

block 23 is caused to move in the direction indicated by an

- arrow Q' under the intrinsic restoring force of the movable

contact plate or par linked to the block 23 as well as
under the influence of unbalanced magnetic action ascribable
to the difference in thickness between the shielding plates
60a and 60b, resulting in that the normally closed contacts
are closed. At that time, a magnetic circuilt is formed
which extends from the N pole of the permanent magnet 21
through the plate 1%a, the yoke body 16, the iron core 13, the
shielding plate 60b and the pole piece 22b to the 5-pole of
the permanentfmagnct 21, whereby the electromagnct drive is
stabilizgﬁgf; this reset state. 1In other words, this electro-
magng;iéydrive performs a so-¢alled monostable operation.

' Figs. 13 to 17 show an electromagnetic drive
apparatug according to a fifth exemplary embodiment of the

present invention. The basis structure of this electromagnetic
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drive is substantially identical with that of the first
embodiment described hereinbefore. Referring to Figs. 13

to 16, a coil 14 is wound on a spool 30 which has an iron core
13 inserted into a center bore 35 to be thereby combined
integrally with a ycke 15. The structure and operation of the
movable block 23 is basicélly same as those of the preceding
embodiments. Accordingly, repeated description will be
unneécessary.

Referring to Fig. 16 1n particular, the yoke 15
is installed on a terminal-pin carrying base plate 37 having
mechanical contact switches 49a and 42b mounted at both sides,
respectively, The movable block 23 is mounted movably in
the directions indicated by o double-headed arrow Q-Q' in
such an arrangement in which projections 22c and 224 of the
pole pieces 22a and 22b are disposed within air gaps defined
between the iron core 13 of the yoke 15 and the oppositely
facing plates 19a of the yocke body 16, respectively. The
projections 22¢ and 224 of the pole pieces 22a and 22b are
positioned at different heights so that the area over which
the projection 22¢ 1is brought into contact with the pole
plate 19a is greater than the area over which the projection
22d contacts with the other plate 19b.

The contacts 49a and 49b have respective movable
contact bars 50a and 50b which are secured to terminal posts
62a and 62b, respectively, at rear ends thereof. The movable
contacts constitute, respectively, normally closed contacts
and normally opened contacts in cooperation with counterpart

rixed contacts. The movable contact bars S0a and S0b are
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engaged in notches 25a and 25b formed in arms 24a and 24b of
the holder frame 26 and imparted with an elastic restoring
force so that the movable contact bars are biased to the nor-
mally closed position.

With the above mentioned structure of the electro-
magnetic relay, the movable bloék 23 1is displaced in the
direction indicated by the arrow head Q' (Fig. 13) under the
intrinsic resilient restoring force of the movable contact bars
50a and 50b in the deenergized state of the magnet coil,
whereby the closed magnetic path is formed which extends from
the N-pole of the permanent magnet 21 , through the pole
piece 22a, the plate 1%a, the core 13 apd the plate 19b to
the S-pole of the permanent magnet 21, to maintain the movable
contacts at the normally closed position., In this state, the
movable block 23 is stable (refer to Fig. 14),.

Starting from the above mentioned state, excitation
or enevgization of the coil 14 in the direction indicated by
the arrow P brings about appearance of S~polarity in the
core head (free end) portion 13a of the yoke 15 while the
end portions of the opposite plates 19a and 19b are magnetized
in N-polarity, as the result of which the movable block 23
is caused to move in the direction indicated by the arrow Q
(Fig. 13) to thereby change over the movable contacts from
the normally closed position to the normally opened position.
Upon removal of the energization, the intrinsic spring
force (restoring force) exerted by the movable contact bars

or leaves 50a and 50b overcomes the magnetic force of the
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megnetic path which extends from the N-pole of the permanent
magnet 21 through the pole piece 22a, the core 13, the plate
18b and the pole piece 22b to the S-pole of the magnet 21.
Consequently, the movable block 23 is restored to the starting
position under the restoring spring force, as indicated by
the arrow Q'. In this way, the electromagnetic relay
performs a so-called monostable switching operation.
The reason why the restoring spring force can overcome the
magnetic force of the above mentioned magnetic circuit can be
explained by the fact that the contacting areas between the
pocle pieces 22a and the core 13 and between the pole plece
22b and the plate 19b are reduced, &8s described hereinbefcore.
Operation characteristics of an electrcmagnetic
drive according to the invention are graphically iliustrated
in Fig. 17, in which the stroke of the movable block 23 is
taken along the abscissa, while external force applied to
the movable block as it moves is taken along the ordinate.
In Fig. 17, a c¢urve I represents load characteristics, a
curve II represents attraction characteristics upon excitation
of the coil and a curve 1V represents attraction characteristie
of the permanent magnet 21. Further, R1 and RZ represents at
which the movable contacts are brought into contact with the
respective stationary contacts.
The invention has been described in conjunction with
several exemplary embodiments. It will however be appreciated
that many modifications and variations readily occur to those

skilled in the art without deperting from the scope and
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spirit of the invention. By way of example, thc movable

block 23 may be 80 constituted as to perform rotational move-

ment instead of the linear displacement.
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CLAIMS:
1. An slectromagnetic drive apparatuscomprising:

an electromagnetic yoke composed ¢f a core and a
yoke body having one end of one magnetic polarity and the
other end bifurcated into two separate portions of the magnetic
polarity opposite to said.one magnetiec polarity, a pair of
working gaps being defined between sald one end and said
bifurcated end portions, respectively, and a movable block
incorporating a permanent magnet in a generally C-like
configuration and having two magnetic poles disposed within
said working gaps, respectively, said magnetic poles being

movable within said working gaps.

2. An electromagnetic drive apparatus according to
claim 1, wherein said core and said yoke body are vertically

so positioned that longitudinal axes therof extend substantially

in parallel with each other.

3. An electromagnetic drive apparatus according tc
claim 1, wherein said core and said yoke body are horizon-
tally so positioned that longitudinal axes thereof extend

substantially in parallel with each other.

4. An electromagnetic drive apparatus according to
claim 2 or 3, wherein sald bifurcated end portions are

connected to the yoke through an offset portion.
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S. An electromagnetic drive apparatus according to
cltaim 1, 2, 3, or 4, wherein a pair of magnetically
shielding plates of thicknesses differing from each other
are mounted on the core end portion at both sides thereof
in such a menner in which the exposed surface of said

shielding plates are positioned equidistant from the center

axis of said core.

6. An electiromagnetic drive appratus according to
claim 1, 2, 3, or 4, wherein the area over which the magnetic
pole of said moveble block is brought into contact with one of
the bifurcated magnetic poles of sald yocke upon actuation of
said movable block 1s selected smaller than the area over
which the other magnetic pole of said movable block is

brought into contact with the other one of said bifurcated
magnetic poles of said yoke upon restoring of said movable

block.

7. A polarized electromagnetic relay apparatus
comprising:

an electromagnetic yoke composed of a core and a
yoke body and having one end portion of one magnetic polarity
and a palr of bifurcated end portions of the other magnetic
polarity opposite to said one magnetic polarity, said
bifurcated end portions being separated in opposition to each
other with said portion being disposed between said bifurcated
end portions so as to cooperate to form a pair of working

gaps, a movable block incorporating a permanent magnet in a



10

15

20

25

0157029

- 29 -

generally C-like configuration and having two magnetic pole
pieces disposed within said working gaps, respectively,
gulding means movable block so that said pole pieces are
movable within said working gaps, respectively, and a
contact mechanism having movable contacts mechanically

coupled to said movable block.

8. A polarized electromagnetic relay apparatus
according to claim 7, wherein & pair of magnetically
shielding plates of thickness differing from each other are
mounted con the core at both sides thereof in such a manner
in which the exposed surfaces of said shieding plates are

positioned equidistant from the center axis of said core.

9. A polarized electromagnetic relay apparatus
accoding to claim 7, wherein the area over which the magnetic
pole of said movable block is brought into contact with one
of the bifurcated magnetic poles of s£aid yoke upon actuation
of said movable block is selected smaller than the area over
which the other magnetic pole of sald movable block is
brought into contact with the other bifurcated magnetic

pole of said yoke upon restoring of said movable block.

10. A polarized electromagnetic relay apparatus in
which a ¢0ll epool assembly is destined to be assembled on a
terminal carrying base plate comprising:

a coil spool heving a pair of end collars, a flexible
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projecting piece formed in one of sald collars and having a
stopper, supporting offset portions formed in the other collar
of said coil spool, terminal members for the leads of the coil
anchored in said other collar, a latch projection formed in
the top surface of said base plate at a position near one

end thereof and having a iatch hole, Jjaw-like offset portions
formed in said base plate at the other end opposite to said
one end, wherein said coil spool asgsembly is fixed mounted on
said base plate through engagement of said flexible projecting
plece with said latch hole and fitting of said jaw-like offset
portions of said base plate onto said base plate onto said

supporting offset portions of said spool.

11, A polarized electromagrnetic relay apparatus
according to claim 1Owherein the holder portion of said colar
at which said terminal member is anchored is of thickness

greater than that of saigd base plate.
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