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[57] ABSTRACT

A contactor, relay, or other switch has stationary
contacts and a movable crossbar which carries a mov-
able contact member provided with movable contacts.
The contact member has lost motion relative to the
crossbar and is resiliently biased by a spring so that the
crossbar can continue to move after the contacts have
met the stationary contacts. The crossbar has oblique
guide grooves engaging the contact member so that,
during the further movement of the crossbar, the
contact member is caused to move longitudinally while
the movable and stationary contacts touch, thus pro-
ducing a contact wiping action due to sliding of the
contacts. The contact member also has an asymmetical
Cross section comprising a projection where, when the
contacts are open, it touches the crossbar so that, in this
condition, the contact member is laterally tilted. When
the movable contacts meet the stationary contacts and
the crossbar continues to move, the contact member
rotates from its tilted position under the action of the
spring, causing the movable contacts to turn on the
stationary contacts, thus producing a rotary wiping
action, When the contacts are opened, similar double
wiping action occurs in reverse. The rotary wiping
action is in a curved path generally perpendicular to the
straight path of the wiping action due to sliding of the
contacts.

8 Claims, 5 Drawing Sheets
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1
SWITCH

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

BACKGROUND OF THE INVENTION

This invention relates to electrical circuit switching
devices, particularly but not exclusively for contactors,
relays and the like.

The switching of the circuits of electric motors and
other loads is commonly performed by switching de-
vices such as electromagnetic contactors, electromag-
netic relays, etc. A common problem in such devices is
contact fouling. Measures are therefore usually taken to
reduce fouling, in particular by providing for a mechan-
ical wiping action of the contacts during operation of
the switching device for switching the load circuit.

One conventional switching device is illustrated by
F1G. 13 of the accompanying drawings, which shows
an exploded view in perspective of a contactor.

The illustrated device has a moulded plastics base 10
onto which is fastened a moulded plastics body 16. The
body is attached to the base in any convenient way, for
example by means of screws. A stationary core 14 and
an associated energizing coil 12 are seated in the base
10.

A movable cross bar 18 is disposed in the body 16 and
can slide in the body towards and away from the base
10. A U-shaped movable core 20 is disposed inside the
body, with its limbs facing the ends of the stationary
core 14. The cross piece of the movable core 20 is lo-
cated in a recess in the cross bar 18, by means of a spring
clip 22 which extends through the movable core and of
which the ends engage recesses in the cross bar. The
core 20 and cross bar 18 therefore move with one an-
other towards or away from the stationary core 14
according to whether the coil 12 is energizing or not.

One or more springs 24 seated between the cross bar
18 and the base 10 urge the cross bar away from the
base, so that normally, when the coil 12 is not energized,
the movable core 20 and cross bar 18 are held away
from the stationary core 14,

When the coil 12 is energized, the movable core 20 1s
pulled towards the stationary core 14, thereby moving
the cross bar 18 towards the base 10.

The body 16 is provided with stationary contacts
connected to terminals for connection of external ca-
bles, and the cross bar 18 is provided with correspond-
ing contacts, so that the movement of the cross bar
openings and closes the switch.

In the illustraied example, a stationary contact mem-
ber 28 with a stationary contact 26 is fixed to the body
16.

The cross bar 18 is provided with a contact bar 32
which is mounted so that it can slide in an opening 18a
provided in the cross bar 18, and a spring 30 urges the
contact bar 32 towards one end or bottom surface 33 of
the opening 18a, namely the end or bottom surface 33
closer to the base 10 (see FIG. 11). On the side of the
contact bar 32 that faces the base 10, contacts 34 are
provided at both ends of the contact bar 32. The
contacts 34 face respective contacts 26. Therefore, if the
cross bar 18 and with it, the contact bar 32, are moved
by the core 20 towards the base 10, the movable
contacts 34 meet the stationary contacts 26, and the
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switch is closed. When the coil 12 is de-energized,
springs 24 move the cross bar 18 away from the base 10,
carrying the contacts 34 out of contact with the
contacts 26. The spring 30 allows the contact bar 32 to
‘float’ and provides contact pressure to ensure good
contact between the contacts 34, 26.

A removable arc cover 36 is fitted on the body 16 to
constrain the arc formed when the contacts make or
break contact, and to prevent damage due to arc heat.

In this device, an oxidized layer may form on the
mating surfaces of the contact 26, 34, and/or dust may
adhere to the contact surfaces. During switching, the
movable contact bar 32 always remain parallel to its
initial position and moves in a direction perpendicular
to its length, so that the contacts 34 only move directly
toward and away from the contacts 26. Thus there i1s no
wiping action at the contact faces, and any oxidized
layer or dust remain on the contacts. The performance
of the contacts therefore deteriorates because the
contact resistance between the contacts 26, 34 increases
due to the oxidized layer and/or dust, and arcing may
be enhanced, with pitting of the contacts. Operational
reliability therefore deteriorates.

To induce a wiping action for cleaning the contact
surfaces, FIG. 18 shows a projection 37 disposed on one
side of the contact bar 32, so that when the contact bar
32 is in contact with the surface 33 of the cross bar at the
end of the opening 18a, the contact bar 32 tilts sideways
about the projection 37. Consequently, when the cross
bar is moved so as to bring the contacts 34 into initial
contact with the contacts 26, the contact bar 32 will tilt
about the projection 37, thereby rocking the contacts 34
on the contacts 26, so as to wipe the contact surfaces.
The reverse sequence of events provides a wiping ac-
tion also when the contacts 34 are moved away from
the contacts 26.

However, this construction has the disadvantage that
the raw material is not effectively used when the
contact bar 32 is manufactured, and the contact bar is
relatively weak. The contact bar and the cross bar wear
out quickly, because the projection 37 presses and rocks
on a very small area of the cross bar, and the projection
37 is sharp. The performance of the switch therefore
deteriorates, albeit a relatively long period in most
cases.

SUMMARY OF THE INVENTION

An object of the present invention is to overcome the
described disadvantages, and to provide a switch which
is efficient and reliable in operation over a long time.

The present invention in one aspect resides in a
switching device comprising a movable cross bar, a
movable contact member provided with movable
contacts and arranged to slide in an opening formed in
the cross bar, a stationary contact member provided
with stationary contacts disposed opposite the movable
contacts, and a projection on the center part of the
movable contact member, having a lateral offset from
the center line of the movable contact member, said
opening having therein an oblique slide surface engaged
by the said projection.

In another aspect the present invention resides in a
switch comprising stationary contacts, movable
contacts provided on a movable contact member and
facing respective stationary contacts, a movable sup-
port for the movable contact member, and actuating
means for moving the support in opposite directions to
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move the movable contact member towards and away
from the stationary contacts for closing and opening the
contacts; and in which the movable contact member is
mounted in the support with lost motion and is resil-
iently biased relative to the support towards the station- 5
ary contacts and towards an abutment surface of the
support whereby on movement of the support towards
the stationary contacts from the open position the mov-
able contacts engage the stationary contacts and on
further movement of the support the movable contacts 10
rest on the stationary contacts and the said abutment
surface moves clear of the movable contact member:;
and in which the movable contact member has, between
the movable contacts, an asymmetrical transverse cross
section whereby when in engagement with the abut- 15
ment surface the contact member is laterally tilted rela-
tive to its position when held clear of the abutment
surface, so that when the movable contacts are engaged
with or disengaged from the stationary contacts, the
movable contact member rotates to wipe the movable 20
contacts on the stationary contacts; and the movable
contact member i in engagement with a guide provided

on the support which guide extends obliquely relative

to the direction of movement of the support, so that
when the support moves relative to the movable 25
contact member, with the latter in the closed-contacts
position, the guide will cause the movable contacts to
slide on the stationary contacts.

In a switch embodying the invention, when the mov-
able contacts move into or out of contact with the sta- 30
tionary contacts, the movable contacts pivot on the
stationary contacts as the projection of the movable
contact member engages or disengages from the cross
bar, and additionally, the movable contacts slide on the
stationary contacts, as a result of the oblique movement 35
of the movable contact member induced by the oblique
surface provided in the opening housing the movable
contact member, which introduces a transverse compo-
nent of movement as the movable contact member
moves along the opening. 40

By virtue of these wiping actions, any oxidized layer
formed on the surfaces of the contacts, or dust adhering
to the surfaces of the contacts, 1s very effectively re-
moved from both the fixed and the movable contacts.

At least one of the movable and stationary contacts 45
preferably has a groove in its surface, to accentuate the
wiping effect and to enable oxide or dust removed from
the surfaces of the contacts, to be carried away by
means of a groove or grooves. The wiping groove or
grooves preferably extend obliquely relative to the cen- 50
ter line of the movable contact member, for example at
about 45° to it.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be further described with refer- 55
ence to the accompanying drawings, in which:

FIG. 1 1s a side view of a contact bar of a switch
embodying the invention;

FI1G. 2 is a plan view of the contact bar:

FI1G. 3 is an end view of the contact bar; 60

FIG. 4 is a longitudinal section through a portion of
the cross bar;

FIGS. § to 7 are section views similar to FIG. 4,
showing a cross bar and fixed and movable contacts
diagrammatically, in three different relative positions; 65

FIGS. 8 to 10 are longitudinal sections through the
cross bar with the movable contact bar, movable
contacts, and stationary contacts whoen diagrammati-

4

cally in three different relative positions, on the line
VIII—-VIII of FIG. 11;

FIG. 11 1s a partial section through a switch embody-
ing the invention, on the line XI—XI of FIG. 12;

FIG. 12 is a partial section through the switch of the
invention, on the line XII—XII of FIG. 11;

FIG. 13 is an exploded perspective view of a conven-
tional switch;

FIG. 14 is a longitudinal section through the cross bar
and contacts of the switch shown in FIG. 13; and

FIG. 15 shows a modification of the movable contact
bar of the switch shown in FIGS. 13 and 14.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The embodiment of the invention to be described is a
switch which in most respects is like that illustrated in
FIG. 13 and described above, The difference, in accor-
dance with the invention, concern the design and con-
struction of the movable contact bar 32, and the open-
ing 18a of the movable cross bar 18. Components of the
switch that correspond to those shown in FIG. 13 are
identified by the same reference numerals as in FIG. 13
and will not be described again.

The movable contact bar 32 shown in FIGS. 1t0 3
has a contact 34 at each end, and between these an offset
central region 39 concave to the rear or upper side of
the bar, so that the contacts 34 are set back relative to
the central region 39. Each contact 34 is semi-cylindri-
cal 1n cross section, in the direction of width of the
contact bar 32. Each contact bar 34 has in its surface a
plurality of wiping grooves 41, extending obliquely at
an angle of about 45° to the center line of the bar 32.

The central region 39 1s provided with a projection
37a, on the same face as the contacts 34, this projection
being offset laterally from the center line of the bar 32.
The projection 37a i1s semi circular, in cross section
perpendicular to the length of the bar 32, and extends
along an appreciable part of the length of the central
region 39. Thus, as seen in FIG. 3, the contact bar 32 has
an asymmetrical profile.

As in FIG. 13, the contact bar 32 extends through an
opening 18a provided in the cross bar 18 as seen in
FIGS. 4-10. One or each side wall of the opening 18a
has a guide groove 38 extending along it. The guide
groove 38 accommodates a corresponding lateral guide
projection 40 provided on the central region of the
contact bar 32. The guide groove 38 slants obliquely,
relative to the longitudinal direction of the opening 18a
and therefore relative to the direction of movement of
the cross bar 18.

Instead of projections on the contact bar engaging
oblique guide grooves in the cross bar, the contact bar
may have lateral recesses engaging corresponding
oblique longitudinal guide ribs at the sides of the cross
bar opening 18a.

When the operating winding 12 of the switch is not
energized, the cross bar and contacts are in the relative
positions shown in FIGS. S and 8. The fixed and mov-
able contacts 26, 34 are spaced apart, and the spring 30
holds the central region 39 of the contact bar 32 against
the bottom surface 53 of the opening 18a. Because of the
asymmetrical projection 37 resting against the bottom
surface 33 of the opening 18a the contact bar 32 is tilted
sideways, as shown in FIG. 8.

When the winding is energized, the cross bar 18 is
moved towards it in the direction of the arrow A, so
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that the movable contacts 34 are brought into contact
with the fixed contacts 26, see FIGS. 6 and 9.

After the fixed and movable contacts have met, the
cross bar continues to move in the direction of the
arrow A, so that the bottom surface 33 of the opening
18a is moved away from the contact bar 32 and the
spring 30 is compressed between the bar 32 and the
upper end of the opening 18a. As the lower end of the
opening moves away from the projection 37, the bar 32
rotates about a longitudinal axis under the action of the
spring 30, so that the movable contact 34 turns on the
fixed contacts 26 until the bar 32, in cross section, is
parallel to the fixed contact members 28 as in FIG. 10.

This rotation of the movable contacts 34 on the fixed

10

6

to rotation between generally perpendicular to the
straight path due to sliding of the contacts.

The described movable contact bar 32 has a number
of advantages compared with the contact bars of con-
ventional switchings. Because the projection 37a has a
smooth convex profile, and a relatively large contact a
rear with the bottom surface 33 of the cross bar opening
18a, wear at the contacting surface of the projection 37a
and the cross bar is much reduced compared with, for
example, switches incorporating contact bars as shown
in FIG. 15. The life of the switch is therefore enhanced.
The contact bar illustrated in FIGS. 1 to 3 is also easy
to manufacture. The projection 37a can be produced by
a simple pressing operation. If the width X of the pro-

contacts 26 produces a wiping action at the contact !° jection 37a is more than about one third of the width Y

surfaces, whereby the contact surfaces are cleaned of
surface oxide and contamination. The grooves in the
moveable contacts 24 accentuate the surface cleaning
action, and enable the removed material to be efficiently
detacted and separated from the contact surfaces.

As the cross bar and contact bar move from the posi-
tion shown in FIGS. 6 and 9 to the position shown in
FIGS. 7 and 10, the guide grooves 38 move longitudi-
nally relative to the contact bar 32 whose movement in

the direction of the arrow A is stopped by the engage- 2

ment of the movable contacts 34 with the fixed contacts
26. This longitudinal relative movement of the cross bar
and contact bar, by virtue of the engagement of the
projections 40 of the contact bar with the oblique guide
grooves 38 of the cross bar, introduces a component of
movement perpendicular to the direction of movement
A of the cross bar, in the direction of the length of the
contact bar 32 as shown by the arrow C. The contacts
34 are therefore made to slide on the contacts 26 in the
longitudinal direction of the contact bar 32. This sliding
also produces a wiping action (in a first direction) at the
mating surfaces of the contacts, accentuated by the
grooves in the contacts 34. Because these grooves ex-

20

30

35

tend obliquely relative to the longitudinal center line of 4,

the contact bar 32, they are effective for wiping both in
rotation (FIGS. 9 and 10) and in sliding (FIGS. 6 and 7).

In general, the switch is installed so that the longer
direction of the cross bar 18 is horizontal as in FIGS. §
to 7. The longitudinal directions of the contact bar 32
and fixed contact members 28 are therefore vertical,
and it 1s easy for oxide, dust and other surface contami-
nation removed from the contact surfaces to drop clear
of the contacts.

When the winding 12 is de-energized, the springs 24
move the cross bar 18 away from the winding so that
the contacts open. Initially, as the cross bar moves in the
direction of the arrow B, the interaction between the
grooves 38 and projections 40 moves the contact bar 32
longitudinally so that the contacts 34 again slide on the
contacts 26. When the end bottom surface 33 of the
cross bar opening 18a meets the projection 37a, it causes
the contact bar 32 to rotate about its longitudinal axis
under the opposing force of the spring 30, causing the
contacts 34 to rotate in contact with the fixed contacts
26 and producing a wiping action in a second direction
generally perpendicular to the first direction. The mov-
ing cross bar 18 then lifts the contact bar 32 clear of the
fixed contacts 26, in the tilted position shown in FIG. 8.

A switch according to the invention therefore has a
double contact wiping action, comprising both rotation
and sliding of the movable contacts, on the fixed
contacts, with the curved path of the wiping action due

435

30

33

65

of the contact bar 32, it becomes easy to feed the
contact bar longitudinally in an automatic production
line for assembly the switch; if X/Y is less than about
one third, it is easy to feed the bar 32 longitudinally and
transversely in an automatic production line. Therefore,
the feed method for automatic production can be se-
lected arbitrarily.

In the described embodiment the movable contacts 34
have curved cross sections and oblique wiping grooves

5 41, Alternatively, the curved profile and wiping

grooves can be provided on the fixed contacts 26, or on
both sets of contacts 26, 34.

What 1s claimed 1is:

1. A switch comprising:

a movable crossbar having an opening with side walls
and a bottom surface;

an elongated movable contact member having mov-
able contacts at each end, said movable contact
member being arranged in the opening with a flat
central portion abutting the bottom surface of the
opening [; ]} said movable contact member having a
lengthwise center line,

a stationary contact member provided with station-
ary contacts disposed opposite the movable
contacts;

at least one of said contacts having at least one wiping
groove which extends obliquely relative to a lengthwise
direction of said movable contact member:

resilient means biasing said movable contact member
toward the bottom surface of the opening and al-
lowing said movable contact member to move in a
direction generally parallel to the side walls toward
and away from the bottom surface and the station-
ary contacts;

means for supporting said movable crossbar for
movement in opposite directions so as to move said
movable contact member toward and away from
the stationary contacts for engaging and disengag-
ing the contacts, respectively, said movable
contact member being arranged in the opening
with lost motion and resiliently biased relative to
said movable crossbar toward the stationary
contacts and toward the bottom surface of the
opening whereby, on movement of the movable
contact member toward the stationary contacts
from an open contact position, the movable
contacts engage the stationary contacts, on further
movement of said movable crossbar to a closed
contact position the bottom surface of the opening
moves clear of said movable contact member, on
movement of said movable crossbar from the
closed contact position toward the open contact
position, the bottom surface of the opening moves
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into abutment with said movable contact member,
and, on further movement of said movable cross-
bar, the movable contacts are disengaged from the
stationary contacts;

[sliding wiping action producing means including a
guide projection and guide groove between a lat-
eral edge of said movable contact member and a
side wall of the opening and extending obliquely
relative to the opposite directions of movement of
the movable contact member for producing rela-
tive sliding movement in a lengthwise direction of
said movable contact member between the mov-
able and stationary contacts as the contacts are
engaged and disengaged;] and

rotary wiping action producing means including a
projection laterally offset from the lengthwise cen-
ter line of said movable contact member and be-
tween the central portion of said movable contact
member and the bottom surface of the opening for
rotating said movable contact member and produc-
ing a wiping movement along a curved path be-
tween the movable and stationary contacts in a
direction generally perpendicular to the [direction
of sliding movement between the contacts ] length-
wise center line upon abutment between said mov-
able contact member and the bottom surface of the
opening as the movable contacts are disengaged
from the stationary contacts, or as said movable
contact member moves clear of the bottom surface
as the movable contacts are engaged with the sta-
tionary contacts, [the engagement and disengage-
ment of the contacts having a double wiping action
comprising both rotation and sliding of the mov-
able contacts on the stationary contacts with the
curved path of the wiping action due to rotation
being generally perpendicular to the straight path
of the wiping action due to sliding of the movable
contacts. ] said laterally offset projection being
pressed from the flat central portion of said movable
contact member and having a smooth convex profile
and a semicircular cross-section.

[ 2. A switch according to claim 1 wherein said later-
ally offset projection is pressed from the flat central
portion of said movable contact member and has a
smooth convex profile and a semi-circular cross sec-
tion. }

[3. A switch according to claim 1 in which at least
one contact has at least one wiping groove which ex-

tends obliquely relative to the lengthwise direction of

the movable contact member.]

4. A switch according to claim [3] 7/ wherein said at
least one groove extends at an angle of about 45° to the
lengthwise direction center line.

§. A switch according to claim 4 wherein at least one
[ contact] of said movable contacts has a semi-cylindri-
cal cross section and a wiping groove in the face
thereof.

6. A switch according to claim 5 [whereing]}
wherein the center part of [the] said movable contact
member has a concave portion. |

7. A switch as claimed in claim 1 in which at least one
of the said movable contacts and stationary contacts has
at least one contact-wiping groove.

8. A switch as claimed in claim 7 in which the at least
one groove extends obliquely relative to the lengthwise
center line of the moveable contact member.

9. A switch according to claim 1 wherein [said guide
includes] oblique grooves provided in opposite side
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walls of the opening and said movable contact member
is provided with lateral projections on side edges
thereof engaging in the grooves for guiding the mov-
able contact member in its movement in opposite direc-
tions for engaging and disengaging the movable and
stationary contacts.

10. A switch comprising:

a movable crossbar having an opening with side walls
and a bottom surface;

an elongated movable contact member having mov-
able contacts at each end spaced substantially
equally from a flat central portion of said movable
contact member;

said movable contact member being arranged in the
opening with said flat central portion abutting the
bottom surface of the opening;

a stationary contact member provided with station-
ary contacts disposed opposite the movable
contacts,

resilient means biasing said movable contact member
toward the bottom surface of the opening and al-
lowing said movable contact member to move in a
direction generally parallel to the side walls toward
and away form the bottom surface and the station-
ary contacts;

actuating means for moving said movable crossbar in
opposite directions so as to move said movable
contact member toward and away from the station-
ary contacts for engaging and disengaging the
contacts, respectively, said movable contact mem-
ber being arranged in the opening with lost motion
and resiliently biased relative to said movable
crossbar toward the stationary contacts and
toward the bottom surface of the opening
whereby, on movement of the movable contact
member toward the stationary contacts from an
open contact position, the movable contacts en-
gage the stationary contacts, on further movement
of said movable crossbar to a closed contact posi-
tion the bottom surface of the opening moves clear
of said movable contact member, on [movment}
movement of said movable crossbar from the closed
contact position toward the open contact position,
the bottom surface of the opening moves into abut-
ment with said movable contact member, and, on
further movement of said movable crossbar, the
movable contacts are disengaged from the station-
ary contacts;

sliding wiping action producing means including a
guide projection and guide groove between a lat-
eral edge of said movable contact member and a
side wall of the opening and extending obliquely
relative to the opposite directions of movement of
the movable contact member for producing rela-
tive sliding movement in a lengthwise direction of
said movable contact member between the mov-
able and stationary contacts as the contacts are
engaged and disengaged; and

rotary wiping action producing means including a
projection laterally offset from the lengthwise cen-
ter line of said movable contact member and be-
tween the central portion of said movable contact
member and the bottom surface of the opening for
rotating said movable contact member and produc-
ing a wiping movement along a curved path be-
tween the movable and stationary contacts in a
direction generally perpendicular to the direction
of sliding movement between the contacts upon
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abutment between said movabile contact member
and the bottom surface of the opening as the mov-
able contacts are disengaged from the stationary
contacts, or as said movable contact member
moves clear of the bottom surface as the movable
contacts are engaged with the stationary contacts,
the engagement and disengagement of the contacts
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10

having a double wiping action comprising both
rotation and sliding of the movable contacts on the
stationary contacts with the curved path of the
wiping action due to rotation being generally per-
pendicular to the straight path of the wiping action

due to sliding of the movable contacts.
L . ] o o
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