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[57] ABSTRACT

A relay has a flux transfer device including u perma-
nent magnet interposed between two ferromagnetic
cantilevers, at least one of which is frece to flex be-
tween two stable positions. The relay has two separate
magnetic paths. A winding means encircles one of the
paths and. when energized, causes thc permanent
magnet flux to transfer from one path to the other
path, thus causing one of the cantilevers to flex in
snap action fashion from one stable position to the
other stable position which connects or disconnects a
set of electrical contacts. The relay remains magneti-
cally latched in a stable position even after decnergiz-
ation of the winding means.

5 Claims, 18 Drawing Figures

42 |

p S SN SN S A SN W ST SN S SN SR S Ay A :

g

VV:«
481l }1 g 20

it /
21 247 33&/3;9_,/33

36y | VAN

\J H LA o —
A
46 50 49

50a

J
22 | A



U.S. Patent

Nov. 11, 1975 Sheet 1of4 3,919,676
/ ,/5 5 N\
/3 307 |] (20
34 L2 DIRECTION OF
MAGNETIZATION
OF MAGNET
FIG.1 < «—fF FIG.2
PRIOR ART 7<\§Z PRIOR ART
N
ANV
4 3ap/  C2b
yd
4~
\ /
115 T == RN
][I )}
—_—¥
—— et
3  FIG.3. PRIOR ART
4, 2y 5
I e
T4 )
¥ —— =
3 FIG.4. PRIOR ART
+ - - - -
45 (,]1 .2 (.-}-15 4~ ., ] 2 L ,1 ¢S5
r(_#f—‘::a‘_:?t;ﬂ {(—:— -— — '//
8 N T e gl 8 N o
ll I\,, lli i‘ =
[ -L‘.’.‘.::E?:.“—:—::::U ===

FIG.5. PRIOR ART

3/ FI1G.6. PRIOR ART



U.S. Patent Nov. 11,1975  Sheet2of4 3,919,676

[ ]
O Ol e

D O
ox OREENZ,

L~ 16

S

52 — (
e 1°°° 20 FIG.7
53 |SUPPLY
NON-MAGNETIC MATERIAL 26
52a 42~ [ 3
rf /52 54§ Sim 25 56 40~
“':zﬂ i B = 30
48 I 1IN { 20 21 247 38’\/34_'5-:/-33 FlG. 8
144 “ S l, 36‘|—] j_\‘—\sa
ﬁ/\ — 5 T \_28
46 b'\so 22 YA
50a
26
L ( ) |
520\_‘4—} 54 56
5 |—H i e e
w N (]:20 04/ \J /33 FIG.9
WLl S U )
3 T e cemates e cfi— e— e 4-——————'}4——-
5007~ \50 227 TN
26
5 r p—
52a\,+ | 54 I
r l‘ll —.— e = =3 I =
| ) 20 49 24 WY =3 FIG. IO
KL i S fl .J)
jid e | e — o S =
5001— \50 56 22
26
52021 /52 ll ] J
AL Y Yy
sl T )
~N 7 ' N FIG. I
ULl s ] 237 36-38nd [T G




U.S. Patent

Nov. 11,1975  Sheet3of4 3,919,676
52a 52 - Zases
\l—) 54 56 29 L]
'y | (-.___11‘5_1111111/[,,11111 /\
( v‘:‘;JX‘ P Y S —
' T ===3 Nl FIG. 12
N 3 __:‘:-3=—:— = ——'-/4
22: N
26
52a 52 AN = )
- /,54 56
ﬂ TR 55713 FIG.I3
I\ ALA lj‘ S d- —e 36‘| l__J
e e e e
50q + 50 ez
52a 52 24 L = -
\111‘) /54 6
T TN M 20 387 1 33 FIG. 14
" _;} s | 361 J ]
50q/‘| " \50 22/ )
o /500
DC
SUPPLY /52a 64
53/ —-@—-
62 52/u SQQMN_S[___A:] g
__@ Tro 13 27a 64
_jﬁ-—-l
750\ Vs | a
E§62 52 / e —S ar
) Lv j 270) )

GL ]

oV 60 v

FIG.15



U.S. Patent Nov. 11,1975  sheet4of4 3,919,676

colL
ENERGIZED
coiL colL colL OPPOSITE COIL
OFF ENERGIZED  OFF POLARITY  OFF
e b ) e { o
N
¢ 1
0
s =l
>
Ir
-
z5
<
x5
o FIG. 16
O
o
(n l{
—=TIME
to 1) to t3 149
(o]
[Te]
X
-
e
I
y
z5
x3
Jo FIG. 17
L.z
(o]
|
———=TIME
fo h t2 '3 t4
|
(gl
i e-27 24 FIG. I8

a8 |B=
' cxm 27

—
46 \20




3,919,676

1

PERMANENT-MAGNET TYPE RELAY

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates, generally, to relays and more
particularly to an improved permanent magnettype
relay in which the operation is highly effective und reli-
able to remain in one of its two bistable positions.

2. Description of the Prior Art

Electromagnetic relays have been widely used in the
past. One of the most extensive carly uscs for magnetic
relays was in communication applications. They were
first used in the telegraph industry and later in the de-
velopment of the telephone. A variety of assorted up-
plications in other fields grew slowly until relays are
now a commonplace component in clectrical systems.
especially in such applications as automated assembly
lines and protective electrical systems. The failure of a
relay can cause expensive shut-downs of equipment or
even loss of life. A major requirement of industry for
these applications is trouble-free performance over a
large number of operations. Such units have a large ap-
plication in industrial and space industries.

The present invention is particularly concerned with
a new relay utilizing magnetic snap action and a mag-
netic flux transter principle. The magnetic flux transfer
principle is broadly set forth in US. Pat. No. 3,228,013
issued to R. D. Olson et al. and assigned to the assignee
of the instant application. As set forth more fully here-
inafter, the permanent-magnet flux transfer type of
relay offers considerable simplicity in design. The con-
trol power may be AC or DC. Such a relay offers in-
creased reliability with a substantial reduction in cost.

A relay utilizing the flux transfer principle wus de-
scribed in U.S. PAT. NO. 3,534,307 issucd to the pres-
ent applicants and assigned to the assignee of the in-
stunt application. The present invention, however., pro-
vides a much different structure and is especially suited
to reed type relays and other applications requiring
miniaturization or a closed system.

The present invention is particularly concerned with
magnetic memory characteristics, and utilizes an elec-
tromagnetically controlled magnetic memory device
which takes advantage of the inherent characteristics
of soft ferromagnetic material.

SUMMARY OF THE INVENTION

The present invention is a new and improved perma-
nent magnet type relay providing a magnet structure
forming two scparate magnetic paths. A permanent
magnet is disposed between a pair of longitudinal ferro-
magnetic cantilevers, intermediate the ends of the can-
tilevers, with the direction of magnetization of the per-
manent magnet substantially perpendicular to the pair
of cantilevers. A wafer of non-magnetic material abuts
one pair of ends of the pair of cantilevers. A keeper of
ferromagnetic material is secured to the face of the
wafer on the side opposite the ends of the cantilevers.
The permanent magnet, portions of the pair of cantile-
vers, the non-magnetic wafer, and the keeper define
the first magnetic path. At least one of the ends of the
ferromagnetic cantilevers opposite the non-magnetic
wafer is free to flex. The permanent magnet, the por-
tions of the pair of ferromagnetic cantilevers opposite
the non-magnetic wafer, the flexing end portions of the
ferromagnetic cantilevers, and the air gap between the
flexing ends constitute the second magnetic path. Elec-
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trical contact meuns are sccured to flexing portions of
the pair of ferromagnetic cantilevers intermediate the
permunent magnet and the-air gap defined by the flex-
ing cantilever ends. so as to make electrical contact
when the flexing cuntilever ends are in a position of
close physical proximity and to break electrical contact
when the flexing cantilever ends are in a spuced-upart
position. An electromagnetic control winding means is
provided encircling at least one leg of the first path and
arranged so that upon cnergization, the control winding
means produces flux which “bucks™ the flux produced
in the first magnetic path by the permanent magnet,
and simultaneously auguments the flux produced in the
second magnetic path by the permanent magnet. Thus,
the normal magnetic flux is deliberately reduced in the
first magnetic path, whereas the flux in the second mag-
netic path is deliberately increased by the energization
of the power control winding means. The result is that
the flexing ends of the ferromagnetic cantilevers arc at-
tracted to one another and assume a stable position of
close physical proximity. thus effecting clectrical
contact between the clectrical contact means secured
to the cantilevers. By reversing the dircet current
through the control winding means. the flux produced
in the second magnetic path by the permanent magnet
is opposed, while the flux produced by the permanent
magnet in the first magnetic puth is augmented, thus
permitting the inherent mechanical stiffness of the flex-
g ferromagnetic cuantilever arms to overcome the re-
duced magnetic force attructing the cantilevers. and
causing the cantilevers to spring to a relatively spaced-
apart stable position, breaking clectrical contact. Mo-
mentary energization of the control winding means is
sufficient to effect transfer to a new stable position. As
a result, a magnetically-tatched bistable relay with two
contact positions and low power consumption is pro-
vided. No power is needed to hold the relay in either of
its stable positions. Power is only used to switch the re-
lay.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention may be more readily understood when
considered in view of the following detailed description
of exemplary embodiments thereof, taken in conjunc-
tion with the drawings. in which:

FIG. 1 is a front elevational view of permanent mag-
net apparatus which shows the memory principle uti-
lized in the present invention;

FIG. 2 is a right-hand side clevational view of the per-
manent magnet apparatus shown in FIG. 1

FIGS. 3 and 4 illustrate flux patterns in the perma-
nent magnet apparatus illustrated in FIGS. 1 and 2;

FIGS. 5 and 6 illustrate the electromagnetic external
power control of the magnetic memory phenomena
shown in FIGS. 1—4;

FIG. 7 is a plan view of an electromagnetically con-
trolled, magnetically latched relay incorporating prin-
ciples of the present invention;

FIGS. 8-14 are side clevational views showing the
relay of FIG. 7 through various stages of its operation
cycle;

FIG. 15 is a schematic view of a control circuit utiliz-
ing the relay of FIG. 7 to operate a plurality of electric
light bulbs;

FIGS. 16 and 17 are diagrams of the magnetic flux
conditions in the closed and open magnetic paths over
various conditions of electromagnetic control winding
means energization; and
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FIG. 18 is a detadl elevational view showing the con-
struction of the relay of FIG. 7.

A ferromagnetic material must have atoms whose
clectron arrangement is such that magnetism is cre-
ated. The atoms having these magnetic characteristics
are grouped into regions called domains. In these do-
mains it is equally probable that magnetism will occur
in any one of six directions. In the iron crystal, for ex-
ample. the atoms are at the corners of the cube-shaped
crystal with one atom at the center. This arrangement is
called a bodyeentered cubic lattice. The grouping in a
nickel crystal differs from this by having an atom in the
center of cach face but none at the center of the cube:
this is called a facecentered cubic lattice. The domain
in an iron crystal in the absence of an external magne-
tizing force has its atomic magnetic moments all lined
up in a single direction, the direction of one of the
edges of a cubic lattice. In a face centered cubic lattice,
such as nickel, the atomic magnetic moments are in the
direction of a diagonal of the cube. In unmagnetized
ferromagnetic materials, the domains are randomly ori-
ented and neutralize each other. However, the mag-
netic forces are present. Applications of an external
magnetic field causes magnetism in the domains to be
aligned so that their magnetic moments are added to
cach other und to that of the applied magnetic field.

With soft magnetic materials, such as iron, small ex-
ternal magnetic fields will cause great alignment but,
because of the small restraining force, only a little of
the magnetism will be retained when the external mag-
netie field is removed. With hard magnetic materials, a
greater external force must be applied to cause orienta-
tion of the domains, but most of the orientation will be
retained when the field is removed, thus creating a

stronger permanent magnet, which will have one north -

pole und one south pole.

Materials which may be grouped as soft range from
cast iron. which is one of the poorest, to the ironnickel
alloys, which rank among the best. Alnico and barium
ferrite are examples of hard magnetic materials.

The present invention utilizes the above-mentioned
characteristics of soft magnetic materials by providing
two ferromagnetic paths, each having a portion com-
mon to the other path. A permanent magnet is used to
supply flux to cach of the paths. If one path has less re-
luctance than the other path, the majority of the do-
mains in the above-mentioned common portion will
align themselves in the direction of the path having the
least reluctance and the majority of the permanent
magnet flux will flow in that path. The domains will re-
main so aligned until some external energy is applied to
realign them in a different direction causing transfer of
the permanent magnet flux to the second path. Control
of the external cnergy required to rotate the domain

orientation and indicate the flux transfer is obtained -

through the use of electromagnetic control windings
associated with cach of the ferromagnetic paths. This
characteristic of assuming and maintaining either of
two stable conditions in response to a4 momentary in-
put-signal defines a type of digital memory. It is desir-
able to use this memory characteristic to allow a relay
to maintain either of its two stable positions without the
application of external power.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In FIG. 2 there is shown a ceramic permanent magnet
of barium ferrite 1 used as a source of magnetomotive
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4
force sandwiched between two soft ferromagnetic bars
2 and 3. The permanent magnet 1 is magnetized in the
direction perpendicular to the soft magnetic bars 2 and
3, as indicated by the arrow in FIG. 2. Two keepers 4
and 3, also made of soft magnetic materials, are placed
so that they may complete separate ferromagnetic
paths through the common portion consisting of bars 2
and 3 and permanent magnet 1. The device comprises
the cerumic magnet 1 and the soft magnetic bars 2 and
3. It is capable of holding a cold-rolled low-carbon steel
keeper against the pole faces with a pull of approxi-
mately 26 pounds. The high coercive force of the bar-
ium ferrite material 1 permits the magnetic length to be
shorter for the same pole face area than magnets of
other materials. In addition, the flux density at the pole
faces 2a, 2b, 3u. 3b of the device, shown in FIG. 1, can
be raised to five times the flux density in the magnet 1
by making the area of the pole face smaller than the
magnetic area. The combination of these two design
features vields a relatively small magnet, which has a
high flux density at the pole faces, but which has very
little “‘reach-out” power. As previously stated, the de-
vice can hold one keeper, for instance, keeper 4, with
a pull of approximately 26 pounds. If another keeper
were placed upon the magnetic structure in FIG. 1,
such as keeper 5, it would not be held with much force
(i.e., less than 26 pounds); that is, it would be held with
less force than the keeper 4 only if it were placed on the
structure after keeper 4 had been placed on the device.

FIG. 3 shows what occurs when one keeper is placed
on the device. In this Figure it can be seen that the do-
mains of the soft magnetic material in the bars 2 and 3
have aligned themselves in the direction of a flux path
including permanent magnet 1, bar 2, keeper 5 and bar
3. Very few lines of flux are present in the air gap 6 be-
tween the keeper 4 and the device. In FIG. 4 there is
shown what happens when the keeper 4 is placed
against the device. Though there now appears to be two
separate ferromagnetic paths which are physically and
magnetically equal, the flux does not divide equally be-
tween the two paths. The first path mentioned previ-
ously includes keeper 5; and the second path includes
permanent magnet 1, bar 2, keeper 4, and the bar 3.
The domains of the soft magnetic material in bars 2 and
3 have aligned themselves in a direction of the path in-
cluding the keeper 5. Therefore, this is still a low-reluc-
tance path for the flux applied by the permanent mag-
net 1, and very little flux will be supplied to the path in-
cluding the keeper 4. This device can be used to distin-
guish between four possible states, and for one of these
states. there are two alternatives of priority. The four
states are: (1) no keepers; (2) keeper 4 in contact with
the device, keeper 5 not in contact with the device; (3)
keeper 5 in contact with the device, keeper 4 not in
contact with the device; and (4) keepers 4 and 5 both
in contact with the device. Two alternatives of priority
for state 4 are: (a) keeper 5 placed before keeper 4,
and (b) keeper 4 placed before keeper 5.

The above description defines a memory device or
storage element for digital information, that is the de-
vice remembers which keeper was placed on it first. In
FIG. 4, if the keeper 5 were removed, the domains
would align in the path including the keeper 4 and if the
keeper were again placed against the device, it would
be held with much less force than the keeper 4.

In order to achieve control over the alignment of the
domains in the common portions 2 and 3 without the
necessity of physically moving the keepers 4 and §, an
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clectromagnetic control winding 8 was added to a de-
vice similar to the one shown in FIG. 4, whose domains
were aligned in the direction of the path including the
keeper 5. Such a device is shown in FIG. 5. The control
winding 8 has a signal applied to it, which causes flux to
be produced in the direction of flux produced by the
permanent magnet in the keeper 4. The flux from the
permanent magnet 1 is shown by the inner dotted line
10, and the clectromagnetic flux from control winding
8 is shown in the outer dotted line 11. This superposi-
tion of the electromagnetic field upon the permanent
magnet field is such that the value of the electromug-
netic field causes the cffective reluctance of the path,
including the keeper 4 and the permanent magnet 1, to
be lower than the effective reluctance of the path in-
cluding the keeper § and the permanent magnet 1. The
domains in the common portion of the bars 2 and 3 be-
come aligned in a direction of the path including the
keeper 4. When the clectromagnetic control windings
no longer supply magnetomotive force to the device, as
shown in FIG. 6, the path including the kecper 4 con-
tinues to have a lower reluctance than the path includ-
ing the keeper 5, and therefore miost of the lines of flux
continue to stay in this path. Thus, it can be seen that
a pulse, or short time duration signal, applied to the
control winding 8, can be used to switch the lines of
flux emanating from the permanent magnet 1 from one
path to another. It is most important to note that the
magnetic fields attain the equilibrium, or stable state,
after each flux transfer. Stability is not destroyed if the
electromagnetic field is removed. One important fea-
ture is that with proper choice of magnitude of electro-
magnetic fields, virtually complete transfer of permu-
nent magnet ficlds can be uchieved as shown in FIG. 6.

The relay of FIGS. 7-14 includes a permanent mag-
net 20, which may be of barium ferrite or strontium fer-
rite, for example, having a polarity as indicated in the
drawings. Each pole of the relay comprises three canti-
levers 22, 24, 26. Cantilevers 22 and 24 are of a mag-
netic material such as that known commercially as
Hipernik 50-50, and are in a position longitudinally
across the pole faces of the permanent magnet 20. Can-
tilever 26 is of copper or other non-magnetic material.
The ends of the canntilevers 22 and 24 closest to canti-
lever 26 contain projecting members 28 and 30 whose
faces 32 and 34 define an air gap 33. Mounted on canti-
levers 22 and 24 near the projecting members 28 and
30 are cooperating electrical contacts 36 and 38. The
contact 38 is electrically connected by a conductor in
the cantilever 24 to a contact 40 which cooperates with
a corresponding contact 42 mounted on the cantilever
26. A thin strip 25 of copper or other electrical conduc-
tor is bonded to the cantilever 24 and electrically con-
nected to contacts 38 and 40. A terminal 27 is provided
to connect the common leg 27a of a circuit to be con-
trolled by the relay. Other controlled circuit connec-
tions are made to the cantilever 26 and a terminal 29
which is electrically connected to the contact 36. Af-
fixed to the ends of all ferromagnetic cantilevers s a
laminated structure 44 consisting of a thin wafer 46 of
non-magnetic material such as polystyrene secured to a
keeper member 48 of ferromagnetic material.

Thus, two magnetic paths 54 and 56 are defined, as
indicated by the broken lines. Magnetic path 54 is de-
fined by the permanent magnet 20, the cantilever 24,
the keeper member 48 and the cantilever 22. The mag-
petic path 56 is defined by the permanent magnet 20,
the cantilever 24, the air gap 33 and cantilever 22.
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Electromagnetic control windings 50 and 52 encircle
cantilevers 22 and 24, respectively. These control
windings are connected electrically in series so as to
produce magnetic flux in phase through keeper mem-
ber 48 when connected to reversible current supph
means, such as DC supply 53, connected through leads
50« and 524 .

Cantilever 24 is free to flex between an open position
wherein contact 40 and 42 are engaged as in FIG. 8 and
FIG. 9 und a closed position wherein contacts 36 and
38 are engaged as in FIGS. 11 and 12.

The position of the permanent magnet 20 in relation
to the ends of the cantilevers 22 and 24, the thickness
of the non-magnetic wafer 46, and the size of the air
gap 33 are chosen such that the reluctance of mugnetic
path 54 is less than the reluctance of magnetic path 56
when the cantilever 24 is in the open position, and the
reluctance of the magnetic path 54 is greater than the
reluctance of the magnetic path 56 when the cantilever
24 is in a closed position. Since the reluctance of mag-
netic path 54 is less than magnetic path 56 in FIG. 8,
most of the flux produced by permanent magnet 20
flows through magnetic path 54 as shown by the solid
arrows 49. When the control coils 50 and 52 arc ¢ner-
gized as in FIG. 9, through leads 50u¢ and 52¢ by DC
supply 33 (not shown) they produce flux in magnetic
path 54, shown by dashed arrows §1, which bucks the
flux produced by the permanent magnet in the same
path 54. This increases the effective reluctance of mag-
netic path 54 and causes the flux 49 produced by the
permanent magnet 20 to transfer to mugnetic path 56,
as shown in FIG. 10. The flux produced in magnetic
path 56 by the permanent magnet 20 and the control
coil windings 50 and 52 are additive. This increased
flux causes the cantilever 24 to flex toward the cantile-
ver 22, closing clectrical contact 36 and 38 and elimi-
nating the air gap 33. The climination of the air gap 33
and the alignment of the domains in path 56 decreases
the reluctance of the magnetic path 56. Thus, cven
when the control coil windings are deenergized, the re-
luctance of magnetic path 56 is still less than magnetic
path 54 and the flux from the permanent magnet 20 re-
mains in magnetic path 56, as shown in FIG. 11, 2 small
leakage flux remains in path 54,

When the control winding coils 50 and 52 are cner-
gized in the opposite direction as shown in FIG. 12
through leads S0¢ and 52¢ by DC supply 53 (not
shown), they produce flux as represented by the dashed
arrows 31 in FIG. 12. As can be seen, this flux bucks
the flux produced in magnetic path 56 by the perma-
nent magnet. The domains in the path 56 become less
completely aligned, increasing the effective reluctance
of magnetic path 56, and causing the flux from perma-
nent magnet 20 to transfer from magnetic path 56 to
magnetic path 54 as shown in FIG. 13. With the de-
crease in flux through magnetic path 56 the stiffness of
cantilever 24 overcomes the force produced by flux in
path 56 causing the cantilever 24 to return to an open
position, opening contacts 36 and 38, closing contacts
40 and 42, and restablishing the air gap 33. The air gap
33 increases the reluctance of magnetic path 56. Thus,
even after deenergization of the control coil windings,
the flux from permanent magnet 20 remains in mag-
netic path 54 and the cantilever 24 remains in the open
position as shown in FIG. 14. In this manner, the relay
assumes either of two bistable positions.

The relay described in the present invention does not
require the continual application of voltage to the con-
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trol coil windings 50 and 52 through leads 50« and 52«¢
to operate the relay. Application of voltage to the coils
50 and 52 is required only when switching from one
stable state to the other. A relay of this type can be op-
erated with very low power, and therefore is highly de-
sirable for telephone switching systems, automation,
and the like. The relay can have any combination of
normally closed or normally open contacts. For pur-
poses of simplicity, the use of the relay with three nor-
mally closed and three normally open contacts has
been described. As indicated. the relay comprises three
contact poles, cach having a double throw, and a flux
transfer device for operation. The double throw feature
is optional. The relay can be operated on an AC or DC
voltage. When using AC power, an AC to DC converter
is used with a DC relay. The contacts can be plated
with silver or other suitable material.

A relay of this design may be operated in air, vacuum
or gas. The operation of the cantilever in vacuum or gas
would significantly reduce the contact oxidation and
greatly extend the operating life of the relay.

FIGS. 16 and 17 illustrate the magnetic flux relation-
ship in the paths 54 and 56 as the various states of con-
trol winding cnergization cause the relay to go through
its operational cycle. At time ¢, the flexing cantilever
24 is in the open position and no current is flowing in
the control winding. At this time the short magnetic
path 54 has the lower reluctance of the two paths and
the flux from the permanent magnet is flowing through
this path. At 1, the coil is cnergized so as to produce a
magnetic flux in the short magnetic path opposite to
the flux produced by the permanent magnet. This in-
creases the effective reluctance of the magnetic path
54 and causes the permanent magnet flux to transfer to
the long magnetic path 56. The flux produced by the
control winding coils is in phase with the permanent
magnet flux in the long magnetic path 56. At time 1.
the coil is deenergized, causing a reduction in total flux
through the long magnetic path 56. However, the flex-
ing cantilever is now in its closed position, causing the
long magnetic path 56 to exhibit a smaller reluctance
than the short magnetic path 54. Thus, the permanent
magnet flux remains in the long magnetic path 56 as is
shown in FIG. 17 between time ¢, and ;. At time ¢, the
coils are energized in a direction producing flux in the
long magnetic path 56 opposite to that produced by the
permanent magnet. This increases the effective reluc-
tance of the magnetic path 56 causing the permanent
magnet flux to transfer back to the short magnetic path
54, The flux produced by the permanent magnet in
magnetic path 54 and that produced by the control
winding coils in magnetic path 54 are additive, produc-
ing a high total value of flux in this short magnetic path
54, The absence of flux in the long magnetic path 56
allows the elastic stiffness of cantilever 24 to return the
relay to its open position increasing the reluctance of
path 56 even more. Thus, when the coil is deenergized
at the time 15, the reluctance of path 54 will be less than
the reluctance of path 56 and the permanent magnet
flux will remain in the short magnetic path 54, allowing
the relay to remain in its open position.

It will be noted that when the electromagnetic flux is
directed through the magnetic path 56 the flux density
increases rapidly in the air gap 33. Thus, an attractive
force is set up which pulls the cantilevers 22 and 24 to-
gether. This action takes place so quickly with a high-
permeability material that snap action is obtained in
moving the cantilever 24 from one stable position to
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the other. Since the material known commercially as
Hipernik saturates at a high flux density 8 at less than
one oersted. and has a very high initial magnetic per-
meability, it was chosen for the ferromagnetic cantile-
ver material. The attractive force F, which exists be-
tween the cantilever is given by Maxwell's Law or:

F, G/8 wu

where:

&G = flux in the gap 33

w = width of the cantilever

« = width of the flux gap.
Since the cantilevers are long compared to the width of
the flux gap, the pull is independent of the cantilever
length. The permeability of the cantilever material is
high enough to have essentially equipotential surfaces
near the gap. therefore the magnetic pull £, can be
written as:

Fn= Fnrl + k(x/a)

where

F, is defined by Maxwell’s Law

k = a function of thickness and width of the contact-

ing surfaces

1 = length of the gap

« = width of the gap.

Since the flux in the gap between the high permeability
cantilever can change rapidly, the magnetic pull force
also changes rapidly. Thus, magnetic snap action is ob-
tained on the application or removal of a magnetic
field. The major controlling factor in obtaining snap ac-
tion is the flux-carrying capacity of the cantilever as
limited by the saturation density of the cantilever mate-
rial.

FIG. 15 shows the above-described relay in a circuit
used to control the alternate energization of two sets of
electric lamps 62, 64. Reversible pulses of direct cur-
rent applied through the leads 50a¢ and 524 to the con-
trol windings 50 and 52 by the DC supply 53 cause the
relay to apply 110 volts, 60 cycles AC voltage to either
of the desired sets of lamps 62 or 64.

The common leg 27a of the controlled circuit, in this
case the 110 volts, 60 cycle AC current, is applied to
the flexing cantilevers of the relay through the termi-
nals 27. Electrical separation of the various poles of the
relay is maintained as is shown in FIG. 18 by insulation
60 between the flexing cantilevers 24 of each pole and,
as is shown in FIG. 8 insulation 21 between the cantile-
vers 24 and the permanent magnet 20.

Various configurations of the control winding coils
50 and 52 are possible. The winding 52 may encircle
flexing ferromagnetic cantilevers of all poles in com-
mon while the other winding 50 encircles the non-flex-
ing ferromagnetic cantilevers of all poles in common,
or each cantilever could be individually encircled by a
coil with all coils connected in series. The important
thing is that magnetic flux produced by the coils will be
in the same direction in like cantilevers of each pole
and that the flux produced by the various coils will be
in phase through the ferromagnetic keeper member 48.

The relay as described includes a strip of electrically
conducting material bonded to the flexing cantilever.
However, for low current applications the ferromag-
netic cantilever itself could be the conductor. The con-
nections to the controlled circuit could then be made
by affixing the controlled circuit leads directly to the
cantilevers in any convenient manner.
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From the foregoing, it is seen that the present inven-
tion has provided a permanent magnet-type relay of
simplified construction featuring low-power consump-
tion and snap action.

While the present invention has been shown and de-
scribed in only one form, it will be obvious to those
skilled in the art that it is not so limited, but is suscepti-
ble of various changes and modifications without de-
parting from the spirit thereof.

We claim:

1. A permanent magnet type relay including:

a permanent magnet located between a pair of longi-
tudinal ferromagnetic members intermediate the
ends of the ferromagnetic members,

a first magnetic path,

said first magnetic path comprising fixed end por-
tions of said ferromagnetic members which extend
in one direction from said permanent magnet, a
keeper member bridging said fixed end portions to

complete the magnetic path, and non-magnetic >

material interposed between said fixed end por-
tions and said keeper member,

a second magnetic path,

said second magnetic path comprising cantilever end
portions of said ferromagnetic members which ex-
tend from said permanent magnet in a direction op-
posite from the extension of fixed first end of said
ferromagnetic members, at least one of said canti-
lever end portions being flexible to move relative to
the other of said cantilever end portions,

electrical contact means, operable to produce first
and second external circuit conditions,

winding means inductively coupled to at least one of
said magnetic paths,

means for energizing said winding means,

reversible current supply means for selectively re-
versing the flow of current through said winding
means to change the relative magnitude of the flux
density in said first and second magnetic paths to
cause said at least one cantilever end portion to
flex, flexing of said cantilever end portion causing
said electrical contact means to produce a first ex-
ternal circuit condition when said cantilever end
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portions are in a position of close physical proxim-
ity and causing said electrical contacts to produce
a second external circuit conditions when said can-
tilever end portions are in relatively spaced-apart
position.

2. The permanent magnet type relay of claim 1
wherein said reversible current supply means provides
momentary pulses of direct current.

3. A permanent magnet type relay as in claim 1
wherein said at least one cantilever end portion is free
to flex so as to permit said at least cantilever end por-
tion to move relative to said other cantilever end por-
tion and assume either of two stable positions, the first
of said two stable positions of said cantilever end por-
tions being a position of relatively close physical prox-
imity and the second of said two stable positions of said
cantilever end portions being relatively spaced-apart
position. -

4. The permanent magnet type relay of claim 1
wherein said cantilever end portions of said ferromag-
netic members remain magnetically latched in a posi-
tion of close physical proximity constituting a first sta-
ble position when the most recent flow of direct current
through said winding means was in a direction so as to
produce magnetic flux in said cantilever end portions
aiding the flux produced in said cantilever end portions
by said permanent magnet, and said cantilever end por-
tions of said ferromagnetic members remain latched in
a relatively spaced-apart position constituting a second
stable position when the most recent flow of direct cur-
rent through said winding means was in a direction so
as to produce magnetic flux in said cantilever end por-
tions of said ferromagnetic members bucking the flux
produced in said cantilever end portions by said perma-
nent magnet,

5. A permanent magnet type relay as in claim 4
wherein the change in relative magnitude of the flux in
said first and second magnetic paths is effected with
such speed as to cause said end portions of said at least
one of said cantilever end portions to transfer from one
of said two stable positions to the other of said two sta-

ble positions with a snap action.
* * * * *



