March 25, 1958 J. ELLENBERGER 2,828,389
: " BIMETALLIC SWITCHES
Filed July 13, 1954 3 Sheets-Sheet 1

_ — - —F FlG. 1
7 gl
g =41
) . .
e e
9 . r—é_‘_? - / i E* :I-JL.I;
. M1 Vi 1 1 H i

27~—PUYSHBUTTON

78 Wl 262573
30
Yass 3 FIG3
% 32
27 31
s :
23 '
77 35 Q }
%36 34 33 INVENTOR
S Fller bez:gep

,_%

ATTYs, T




March 25, 1958 J. ELLENBERGER 2,828,389
BIMETALLIC SWITCHES
Filed July 13, 1954 3 Sheets-Sheet 2

F16.4 f16.5

é. i 7243

; : f9

IWENTOR
eJ Fi lenberger

%W




March 25, 1958 J. ELLENBERGER 2,828,389
v  BIMETALLIC SWITCHES

Filed July 13, 1954 3 Sheets-Sheet 3

FIG.§

| IVVENTOR
=Y .74 Llendberger

2

AT T7TYsS.




United States Pateﬂt Of

| - 2,828,389
Ce Patented Mar. 25, 1958

1

| 2,828,389
BIMETALLIC SWITCHES

Jakob Ellenberger, Altdorf, near Nurnberg,
signer to Ellenberger & Poenmsgen G. m.
poration of Germary

Application Yuly 13, 1954, Serial No. 442,999
Claims priority, application Germany July 29, 1953
3 Claims. (CL 200-~122)

Germany, as-
b. H., a cor-

The present invention relates to improvements in bi-
metallic switches. :

Prior to this invention, overload switches have been
known which principally consist of a bimetallic strip
which bends when the operating current of the respective
apparatus to be protected is passed therethrough and
when it is overloaded either electrically or thermally,
thereby opening a switch contact at its movable end to
interrupt the current. Since such a bimetallic strip gen-
erally has a low resistance, it is suitable for use only
in conmnection with apparatus having a high current
consumption. For applying such bimetallic switches also
to apparatus using only a low operating current, the bi-
metallic strip has also been heated indirectly by means of
a heating coil wound around such strip. Thus it has
previously been necessary to build different types of bi-
metallic switches in accordance with the current con-
sumption of the apparatus to be protected thereby, and
necessarily resulting in an increased cost of production
thereof. .

The above mentioned disadvantages are being effec-
tively avoided by means of a bimetallic switch as dis-
closed by the copending application, Serial No. 371,880,
The control element of such an overload switch consists
of a bimetallic strip which is provided with a terminal
for direct heating of the strip, as well as with a heating
coil separate from such terminal for heating the strip
indirectly. Further, the bimetallic strip carries on its
movable end at least one contact which in at least ons
of its two end positions engages a stationary contact the
position of which is preferably adjustable. An over-
load switch of this type may be used not only for pro-
tecting apparatus in which the operating currents are
variable but, when utilizing both independent heating
circuits, also for operating many consecutive circuit com-
ponents which previously required a much larger number
of circuit breakers.

It is the object of the present invention to design an

overload switch of the general type as described in the
copending application above referred to which permits
such relatively small bimetallic switch to be overloaded
considerably. The principal feature of the invention for
carrying out such object resides in limiting the move-
ment of the heated bimetallic strip by providing opposite
therefrom a contact element which is electrically con-
nected with the bimetallic strip and/or the beating coil
thereof in such a manner that either the heating coil or
the bimetal strip, or both, are at least partly short-
circuited. Thus, the bimetallic strip is safely protected
from being overloaded thermally, for example, by a
short circuit.
- Further objects, features, and advantages of the in-
vention will be apparent from the following detailed de-
scription of several embodiments thereof and the ac-
companying drawings, in which:

Fig. 1 shows a top view of a bimetallic switch accord-
ing to the invention;
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Fig. 2 shows a similar view of a bimetallic switch with
short-circuit contact;

Fig. 3 shows a bimetallic switch according to the in-
vention provided with means for resetting the switch
manually;

Fig. 4 diagrammatically illustrates the application of
the new switch for automatically disconnecting the start-
ing coil of an aiternating-current motor;

Fig. 5 similarly illustrates the automatic connection of
the heating coil of an electric hot-air blower by means
of a switch according to the invention;

Fig. 6 diagrammatically illustrates a protective switch
according to the invention cooperating with an alter-
nating-current motor having two groups of windings;

Fig. 7 shows the application of two bimetallic switches
according to the invention for protecting an alternating-
current motor which is provided with two parallel groups

. of windings, as well as for automatically disconnecting

20

30

40

45

50

60

65

70

the starting coil thereof;

Fig. 8 shows substantially the same circuit ag illustrated
in Fig. 7, wherein the two groups of windings are, how-
ever, connected in series;

Fig. 9 also shows a circnit similar to that illustrated
in Fig. 7, in which, however, a modified form of the
new switch is used to carry out the function of the motor-
protective switch; while

Fig. 10 shows a system similar to that illustrated in
Fig. 9 in which, however, the two groups of windings of
the motor are comnected in series.

Referring to Figs. 1 and 2 of the drawings, the hous-
ing 1 of the switch contains the stationary contact 2
which is mounted directly on the terminal arm 4 by
means of the adjusting screw 3 and cooperates with the
movable contact head 5 secured to the end of the bi-
metallic strip 6 which is mounted on the terminal arm
7. Wound around the bimetallic strip 6 and connected
with a terminal 9 is a heating coil 8 the end of which
is conductivley connected at 10 with the bimetallic strip
S0 as to provide an electric connection from the terminal
7 through the bimetallic strip 6 and the heating coil 8
to the terminal 9.

When the bimetallic strip 6 is being heated, it will
move in the direction indicated by the arrow, the extent
of such movement being the greater the higher the ther-
mal load will be. In order to protect the bimetallic strip
6 from being overloaded, the switch illustrated in Fig. 2
is provided with a stationary contact 9" opposite the
contact head 5, such stationary contact 9 being electri-
cally connected with the end of the bimetallic strip and
secured to the terminal 9 for indirectly heating the strip.
If the bimetallic strip is excessively heated, it bends to
such an extent that its contact head 5" engages the sta-
tionary contact 9, the heating coil 8 one end of which
is connected to the contact 5 thereby being short-circuited
so that the amount of heat supplied to the bimetallic
strip will be considerably reduced.

The stationary contact 9" and the part 5" of the mov-
able contact engaging the same may be produced very
simply and inexpensively since these two contacts only
have to bear the small load received by the short-circuiting
part of the bimetallic switch. A preferred feature of the
invention consists in designing the stationary contact 9’
and the terminal 9 for heating the bimetallic switch in-
directly so that both together form a single unit, preferably
by making them of a single piece of material. When ap-
plying such a construction, it will not be necessary to pro-
vide the end of the extension of the terminal arm 9 oppo-
site the stationary contact 9° with a plating of any special
contact metal.

The stationary contact 9" may be designed so that it
may be adjusted as by being made in the form of a con-
tact screw 9, as well as locked in a fixed position. 1t
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may also be made slightly resilient so that the bimetallic
strip will not be materially affected by the mechanical
stresses occurring during the switching operation.

If the switch should be able to withstand very high
short-circuit currents, the stationary contact 9’ may, how=
ever, also be provided in a known manner with a coating
of heat-resistant contact metal such as silver, or with a
contact head 8 made of solid silver.

The bimetallic element .as designed .according to the
invention may also be applied to a bimetallic switch the
movable contact of which when in connecting position
holds a contact bridge forming the opposite contact and
being acted upon by a disconnecting spring. Such a
switch, as shown, for example, in Fig. 3, does not refurn
automatically into its connecting position like the switch
shown in Figs. 1 and 2, but the contact bridge must be
manually returned into the connecting pesition by de-
pressing a suitable push button. .Switches of this:type may
especially be used 'as a motor-protective switch because
they are able to withstand a relatively high load and do
not permit the motor again to be connected .automatically
and unintentionally.” The details -of construction -of :the
switch shown in Fig. 3 are as follows: .y

The base 11 of the overload switch has secured thereto
a U-shaped yoke 13 by means of screws 4. The-yoke 13,
on the one hand, forms a partial casing.of the:switch,:and,
on the other hand, serves as a bearing element For sup-
porting the contact bridge 15. A supporting memniber 17
is provided parallel with the side wall 16.of :the yoke 13,
and ‘this .element is fitted in the Dbase .11 in-a manner not
particularly shown. in the drawing by means of-a suitable
Ing thereon and is inserted in suitable .cutout portions in
the yoke 13 by .means of two lugs 18 so that.if -will*be
held in-fixed position. This supporting - member 17 has.a
window-like ‘cutout porticn 19 within which -an element
2% is slidably ‘guided which, in turn,is rigidly-connected
with the insulating element 2¢. The latter carries ‘the
contact bridge 15 which 'is made of an-angular-piece -of
metal which passes ‘through -the insulating -element 29
and the lower end 22 of ‘which extends- within the range
of two contact'springs 23 and 24. “The insulating-element
20 is also connected :with a rod-shaped member 25-which
is electrically -insulated from -the contact bridge ‘15 and
slidable within the yoke 13 against the action of a spring
26. 'The push:button 27 is provided for 'd‘epressir';g the
rod 23, ' Co

.On the side of the switch opposite the supporting mem-
ber 17 a‘bimetallic-spring 28 is ‘provided ' the free.end of
which carries a contact 29 which, when the overioad
switch is in connecting position, is in engagement with
the contact bridge I5. “The.contact 29 has .a,projection
38 which is adapted. to engage the.contact bridge 15 to
hold -the.same .in .the.connecting position -as .illustrated.

The bimetallic spring 26 .carries.a . coil 31 -and-superim- ;

posed thereon a coil:32. -QOne-end of the two.coils 3L:and
32 is connected with the bimetallic:spring 28, .while.-the
other end of the coil 31-is;connected: with the terminal 33,
and the other end of the:coil 32 is.conductivély connected
with the terminal 34. The screw:35 not. enly -serves to
secure the two.contact:springs 23 .and ‘24:in-a fixed posi-
tion. but.also to-mount the terminal ‘36 on-the:basg 11,
the terminal bsing conductively connscted-with-the con-
tact springs ‘23 -and“24. ' -

By providing two separate “heating circuits which act
upon the bimetatlic strip*itis possible to apply: the switch
for operating varicus*types of consecutive circuits which
could-previously be ,accongp]ishe'd ofly by.numerous .cir-

cuit components. For exambple, the switch. may.be,used .

to éffect in a simple manner a delay. in the cannection:of 2
second load circuit caused by the connection of a_first
load.circnit in.such a.manner that.the current forthe first
citcuit.flows through. the.heating coil and. the:bimetallic

element, .whereas ;the .current. for the second circuit.is:
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passed through the second heating coil or the bimetallic
element and the switch contact thereof.

Fig. 4 illustrates the application of a switch according
to the invention for producing an automatic delayed dis-
connection of the auxiliary phase 37 of an alternating-
current motor as a function of the connection of the main
phase 38. After engaging the switch 39, 49Q, the current
will then flow from the terminal 41 of the source of cur-
rent through this main switch, the heating coil 8 and the .
bimetallic 'strip 6, through the main phase 38 and then
back through the other switch 40 to the second terminal
42 which is connected to the source of alternating cur-
rent. The auxiliary phase 37 with the condenser 43 is
also supplied ‘with current -through the heating ‘coil 8 of
the bimetallic strip -and the contacts 5 and 2 thereof.
VWhen a certain predetermined length of time has elapsed
during which the operation of the motor has been properly
started, the .bimetallic strip has bent under the influence
of the heat of the current to such an extent ‘that the aux-.
iliary phase will be disconnected by .opening -the contacts
5 and 2. ' By interrupting the ayxiliary phase current flow-
ing through the heating coil .8, the thermal load on the
bimetallic -switch is relieved and the switch is ‘heated -only
to the extent necessary to-hold the contacts 5 and 2 open
while the imotor is in normal -operatipn.

In the embodiment -of the .invention -shown in Fig. 5,
the-current is again supplied to the termipals 41 and 42,
and also in this case.a-switch.39, 48.is provided. The bi-
metallic:strip 6:is.connected to-the conduit coming from
the terminal 41, and ;the current flows through this strip
and -then sthrough -the :coil 18 to the armature of the ven-
tilator motor 12 -and then back to the ;terminal 42.

‘The.contacts:5 and 2 are-at first spaced from.each-other.
When acertain:length of time has elapsed,-the bimetallic
strip will ‘he :bent to such an extent that-the contacts §
and 2 will be closed, whereby the heating coil 12a.is also
connected into the circuit. By this manner it is possible
to prevent-thecoil :from -ever being heated:to- too-high'a
temperature  inasmuch as in this particular case the ven-
tilator motor :12-will always first be started.

Tig. 6 -illustrates the application of the new switch
as.a motor protective switch. The motor -has two elec-

“trically separate groups of windings 44 and 45 Ffor. differ-

ent operating currents, as this is the case, for .example,
in the field winding:and the:armature winding of a shunt-
wound electric motor. Nevertheless it:is- possible to. con-
trol both windings reliably by a single. switch by-connect-
ing the smaller winding -44:to:ths main circuit through
the switch contacts 2:and:5 and-the heating -coil 8. of the
bimetallic switch, and-the larger winding 45 :through: the
switch contacts 2 -and 5 and the:bimetallic strip6.

-In the wiring:system. as shown in Fig. 7, the. two hall
windings 44.and .45 of the motor are in.parallel and
connected to the 110 volt mainline, on:the -one hand,
through. the: terminal .46 and, on the other hand, through
the contact -2 .and.line 4. -One of the motor circuits
consists of .the main power line, statignary contact 2,

" movable. contact, 5, bimetallic. strip: 6, terminal-7, motor

winding 45, and:line terminal 46, while.the other motor
circuit consists:of ‘the main line :4, stationary contact
2, movable contact 5, heating coil, 8, terminal 9 leading
to terminal .9’, heating coil 8’, movable contact 5, bi-
metalli¢ strip. 6’,.motor winding 44, -and line -terminal
46. The auxiliary phase consisting of the parallel auxiliary
phase windings 48 and 49 and the condenser 43 lies, on the
one hand, parallel with the terminal 46 and,-on the other

hand, the stationary contact 2’ of-the second- thermal

switch 47'.

_The circuit illustrated in Fig. 8 is substantially similar
to .the .oneé shown in Fig. 7. ~The motor windings 44
and 45 lie in series and, in turn, parallel with the anxiliary
phase-through the terminal 46 and the contact 2’. ~The
auxiliary phase also in this case comprises the -two
windings 48 and ‘45 -and the condenser 43, both auxiliary
phase windings being connected in series.
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The switches as illustrated in Figs. 7 and 8 operate as
follows: If the motor is connected to the current, the
switches remain in closed position during the starting
period. At the end of that period, the auxiliary phase is
disconnected by the heating coil of the auxiliary-phase
switch 47’ being heated through such operation, thereby
opening the contacts 5’ and 2’. Since the auxiliary-phase
switch lies in the circuit of the motor windings, it remains
in open position during the entire operation. If the motor
15 being overloaded, it will cause additional heating of the
heating coil 8 of the motor-protective switch so that the
latter will also open and again close when cooled. These
switching operations, however, do not affect the auxiliary
phase since the auxiliary-phase switch is designed ac-
cordingly.

Figs. 9 and 10 illustrate the use of the switch shown
in Fig. 1 as an auxiliary-phase switch and the switch
shown in Fig. 3 as a motor-protective switch as applied
to an alternating-current motor connected to a main
line of either 110 or 220 volts.

In both circuit diagrams the numerals 44 and 45
indicate the two motor windings, 50 the motor-protective
switch, 47’ the auxiliary-phase switch, and 43, 48 and 49
the auxiliary phase consisting of the two auxiliary-phase
windings 48 and 49 and the condenser 43.

In the diagram shown in Fig. 9, the motor circuit ex-
tends from the main line 36 through the switch contacts
22, 23, 24, the switch contact 29, to the bimetallic strip
28, and then, on the one hand, through the heating coil
32, the terminal 34 and one half of the motor winding
45, and, on the other hand, through the heating coil
31, the terminals 33 and 9, the heating coil 8’, the mov-
able contact 5, the bimetallic strip 6’ and the other group
of motor windings 44 to the second main-line terminal
46. The auxiliary phase circuit, however, extends from
the stationary contact 2’ of the auxiliary phase switch
47’ through the condenser 43 and the two parallel auxiliary
phase windings 48 and 49 to the terminal 46 and hence
to the second main line. In the circuit shown in Fig. 9
as well as in that shown in Fig. 10, the bimetallic strip
28 may replace the second heating coil 32 and form the
second path of the current. In the diagram shown in
Fig. 10, the motor circuit extends from the first main
line 36 through the switch contacts 22, 23, 24, the make
contact 29, the bimetallic strip 28, and the parts 31,
33,9, 8,5, 6,7, 44, and 45 to the second main line
46. The auxiliary phase circuit, on the other hand, again
extends from the stationary contact 2’ of the auxiliary
phase switch 47’ through the condenser 43 and the two
auxiliary phase windings 48 and 49 which are connected
in series to the terminal 46, and hence to the second main
line.

The circuits illustrated in Fig. 9 and 10 operate similar
to those shown in Figs. 7 and 8, except for the fact that
the motor-protective switch 50 must in each case be
manually engaged by means of the push button 27, as
shown in Fig, 3.

While the foregoing description sets forth in detail

10

15

20

25

30

35

40

45

50

55

6

what I regard as the preferred embodiments of my in-
vention, it is to be understood that numerous changes
may be made therein without departing from the spirit
and scope of the invention as defined in the appended
claims.

Having thus described my invention, what I claim as
new is:

1. A current depending switch comprising a bimetallic
strip which is stationary at one end and carries at its
free end a first and second contact piece at opposite sides
thereof, a first counter-contact which is stationary and
confronts the first contact piece, the free end of the bi-
metallic strip upon being heated, being moved from the
first counter-contact, a second stationary counter-contact
confronting the second contact piece and against which
the free end of the strip is moved upon heating, a heating
coil mounted on the bi-metallic strip, the coil being con-
nected at one end electrically with the strip in the vicinity
of the contact piece thereon, the other end of the coil
being electrically connected with the second contact piece,
the strip in its idle position having its first contact piece
engaged with the first counter-contact while the second
counter-contact is spaced from the second contact piece
and wherein the first contact piece and first counter-
contact are spaced when the strip is heated and the second
contact piece and second counter-contact are in engage-
ment.

2. A current depending switch in accordance with claim
1 further including a pair of supports, and means for
mounting a said counter-contact on each support for
adjustment in the direction of motion of the contact
pieces.

3. A current depending switch in accordance with
claim 2 and including a housing, said supports extending
through the wall of the housing and carrying terminals
outwardly thereof, a further terminal extending from the
housing, means securing an end of the bi-metallic member
to said terminal and housing and means securing said

first named terminals to said housing,
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