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Description

The present invention relates to a thermal protection unit for automatic switches and the like, known as disjunctors
or circuit breakers.

Automatic circuit breakers, for example, of the modular type used for protecting electrical installations comprise
complex contact-opening and -closing mechanisms.

The contacts are closed by a manual arming device which can also open them upon manual operation and the
contacts have to open automatically as a result of excess currents passing through the circuit breaker, in order to protect
the electrical installations against overloads and short-circuits.

For this purpose, protection of two types is generally provided:

- overload protection,
- short-circuit protection.

Overload protection is ensured by a bimetal element through which the load current passes and which is heated,
owing to the Joule effect, by the current flowing through it and bends until it acts on a release device and thus causes
the contacts to open.

Unlike the short-circuit protection for which only speed of operation is essential, the overload or thermal protection
requires precision and repeatability of operation and has to ensure that, for a predetermined overload condition corre-
sponding, for example, to a current of 20 amperes lasting for a predetermined period, for example, of 30 seconds, the
contacts will open.

The thermal protection for an automatic circuit breaker therefore requires a calibration operation which has to be
carried out on each individual circuit breaker and which then has to ensure repeatability of operation and prevent possible
loss of calibration.

The bimetal element which constitutes the overload sensor generally forms a rigid member cantilevered on a rela-
tively flexible support the free end of which acts on the release device.

A calibration screw accessible from outside the circuit breaker acts on the flexible support at the joint where the
member is fixed and enables the angle of the joint to be changed so as to pivot the member on the joint and bring about
a travel of the free end of the member.

Since current has to pass through the member and, at the same time, the member must not be stressed mechanically
but must be free to deform thermally, its ends have to be connected electrically to the electrical circuit by flexible elements
such as copper braids.

Alternatively, the flexible support of the member, which is made of conductive material, may form an electrical con-
nection with other parts of the circuit to which it is fixed mechanically by crimping, riveting or welding which also ensure
electrical continuity.

However correctly they are carried out, these operations always give rise to local increases in resistivity which may
vary over time in dependence on the load, adversely affecting the repeatability of operation of the thermal protection.

Moreover they involve a relatively complex construction and assembly with fairly long and expensive production
processes.

A further disadvantage is constituted by the bulk represented by these connection elements which, although flexible,
must not interfere with the thermal deformations of the bimetal member.

The present invention solves this problem and provides a thermal protection unit for an automatic circuit breaker
constituted by a small number of elements and fixed directly by electric welding to a terminal of the circuit breaker having
an integral appendage which acts as a fixed support for the bimetal member and which can be calibrated.

The number of operations necessary to ensure electrical continuity between physically discontinuous elements and
the number of possible causes of localised resistance are thus reduced to a minimum.

The number of components to be assembled is also reduced to a minimum, the production process is simplified
and size is reduced with clear advantages in terms of cost and compactness.

An arc-switching or arc-guide electrode is also advantageously fixed to the connection terminal by the same electric
welding operation as the bimetal member.

The characteristics and advantages of the invention will become clearer from the following description of a preferred
embodiment given with reference to the appended drawings, in which:

Figure 1 is an overall, sectioned view of an automatic circuit breaker incorporating a thermal protection unit according
to the present invention,

Figure 2 is an exploded, perspective view of a preferred embodiment of the thermal protection unit according to the
present invention,
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Figure 3 shows a preferred embodiment of a flat blank for producing a terminal block of the unit of Figure 2,

Figure 4 is a static diagram of the structure formed by the thermal protection unit according to the invention when
it is housed in a circuit-breaker casing,

Figure 5 is a static diagram of the improved structure formed by the thermal protection unit of Figure 2.

With reference to Figure 1, an automatic circuit-breaker incorporating a thermal protection unit according to the
invention comprises a generally rectangular parallelepipedal casing 50 constituted by two coupled half-shells one of
which is shown in section in the coupling plane in order to place greater emphasis on the internally ribbed structure of
the half-shells.

The frames and internal ribs of the two half-shells interpenetrate in a suitable manner and precisely position the two
half shells and the various components housed in the casing relative to one another.

The two half-shells are fixed together by means of screws or rivets extending through holes 51, 52, 53, 54, 55
perpendicular to the plane of the drawing.

The circuit breaker shown is a modular circuit breaker for installation on a rail with several modules arranged side
by side along the faces of the casings parallel to the coupling plane of the half-shells or side faces.

The circuit breaker has a recess 56 in its rear wall for housing a standard DIN rail on which the circuit breaker is
engaged by means of toothed engagement slides not shown.

A plurality of mechanical and electrical components is housed and precisely positioned in the casing; in particular,
these are:

- first and second terminals 57, 58, respectively, for electrical connection to ends of external leads,

- abimetal plate 10 with one end connected electrically and mechanically to an appendage 9 of the terminal 57 which
operates as a cantilevered support for the plate 10,

- an arc-extinguishing cell 60,
- amanual arming lever 61 articulated on a pin 62 in a fixed position in the casing and connected to an arming rod 2,

- afixed contact 3 supported by a rigid metal appendage 69 of the electromagnet 59 electrically connected to a
terminal of the electromagnet winding, the other terminal being connected to the terminal 58,

- amovable contact 4 on the end of a contact arm 5 of conductive material electrically connected by a flexible copper
braid 6 to the bimetal plate near the opposite end of the plate to that which is anchored to the support,

- arelease device including the contact arm 5 and other elements collectively indicated 6 and having a pivot pin 7
engaged in a fixed position on the casing;

since the release device falls outside the scope of the present invention and its structure is not essential for an under-
standing of the invention, a detailed description thereof is not supplied and it is indicated simply that it may constitute,
in known manner, a unitary subassembly which can easily be installed in the casing by the engagement of the ends of
the pin 7 in suitable seats in the two half-shells;

- aslide 8 for unidirectional mechanical coupling between the bimetal plate 10 and the release device,
- aswitching and arc-guide electrode 11,
- athermal protection calibration screw 12.

The overall view gives an idea of the structural complexity of the circuit breaker, of the assembly difficulties, of the
compactness requirements and of the small size which the various components have to have in order to be housed in
a casing of limited dimensions.

The operation of a circuit breaker of this type is known:
when the release device is armed manually, the two contacts 3 and 4 are closed and electrical continuity between the
terminals 57 and 58 is ensured.

In the event of a short-circuit, the energized electromagnet 59 throws a striker against the release device activating
it and causing the contacts to open.
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In the event of overloading, owing to the Joule effect, the current passing through the contact breaker and flowing
in the bimetal plate causes heating thereof, which is not compensated for by the heat dissipation of the circuit breaker,
and a consequent bending which moves the free end of the bimetal plate away from a rest position.

The free end of the plate 10 then interferes with a tooth of the slide 8 bringing about translation thereof and a second
tooth of the slide 8 interferes with a tooth of the release device causing activation thereof and consequent opening of
the contacts.

The electric arc which develops between the contacts 3 and 4 upon opening travels from the contact 4 to the arc-
guide electrode 11 which conveys it towards the arc-extinguishing cell 60.

Due to the travelling of the arc, the arc-guide electrode has to be connected electrically to the movable contact 4.

As shown clearly in Figure 1, the number of connections which require welding or crimping of parts in order to ensure
electrical continuity is reduced to a minimum by the provision, on the terminal 57, of an integral appendage 9 which acts
as a cantilevered support for the bimetal plate to which one end of the plate is fixed by electric welding.

The braid 6 is fixed, again by electric welding, near the free end of the bimetal plate and is connected to the movable
contact arm 5 by a third electrical weld.

The number of electrical connections and of physically separate components is thus reduced.

The arc-guide electrode 11 is advantageously also connected mechanically and electrically to the plate by the same
electric welding operation which connects the bimetal plate 10 mechanically and electrically to the appendage 9 of the
terminal 57, further reducing the number of welding operations.

Figure 2 is an exploded perspective view of a preferred embodiment of the thermal protection unit formed according
to the present invention.

Starting with a flat and elongate blank 19 shown in Figure 3, produced by blanking/punching of tinned copper strip
or plate, a terminal block 20 is produced by successive bending operations and is constituted by two perpendicular pairs
of faces 21, 22, 23, 24 the faces of each pair being parallel with one another.

A face 22 formed by the end of the blank constitutes one jaw of the terminal.

A face 21 parallel to the face 22 has a hole 25 through which a clamping screw 26 of the terminal can pass freely.

The face 22 is connected to the face 21 by a front block face 23 of the block and by the rear face 24 on which the
face 22 is engaged by a tooth 27.

Lateral undercuts are formed near the bent portions of the blank with the dual effect of facilitating the bending
operation and forming, on the sides of the front and rear faces, anchoring teeth 28, 29, 30, 31 which, by engaging in
suitable slots in the casing, position the block correctly and firmly in the casing.

The rear face 24 is extended, via a first connecting elbow 32 with a hole for the insertion and engagement of the
tooth 27, by an appendage 33 terminating, via a second connecting elbow 34, in a welding plate 35 with a welding
surface parallel to the face 24 but advantageously spaced from the plane of the face 24.

The appendage 33 also advantageously has opposed anchoring teeth 48, 49 which engage in suitable seats in the
casing for the reasons which will be explained below.

The appendage 33, which has to operate as a cantilevered support for the bimetal plate which is subjected to bending
stress by a calibration screw, advantageously has a hole 36 which reduces its cross-section and its moment of inertia
upon bending and at the same time limits its thermal conductivity and the heat dissipation from the bimetal plate towards
the support.

The hole 36 may be replaced or combined for the same purpose with a reduction in thickness of the appendage
formed by the removal of material or by pressing.

The terminal block thus formed is associated with a movable jaw 37 also produced from an elongate, flat blank by
successive bending operations which form a rectangular ring linked with the block 20.

The upper face 38 of the ring formed by the superimposition of the two ends of the blank has a threaded hole 39
into which the screw 26 is screwed.

By pushing with its end against the lower face 22 of the block 20, the screw pulls the upper face 38 of the ring
towards the upper face 21 of the block forcing the lower face 40 of the ring alongside the lower face of the block 22 and
clamping any interposed lead ends.

A resilient tongue 24A is advantageously formed by blanking in the face 24 of the block and interferes with the edge
of the upper face 38 of the clamping ring, keeping it in the maximum closure position by friction. This facilitates the use
of the terminal as a two-connection terminal, that is, as a terminal which can receive both an electrical terminal between
the face 22 of the block and the face 40 of the clamping ring and a flat fork terminal inserted between the head of the
screw 26 and the upper face 21 of the block.

For this purpose (Figure 1), the casing of the circuit breaker has a hole 70 for admitting the fork terminal.

The end 41 of a straight bimetal plate or member 42 is then fixed to the plate 35 by electric spot welding.

The end 43 of the switching electrode 44, which is also produced by suitable bending from a flat blank, is fixed by
the same welding operation on the opposite face of the plate to that which contacts the plate 35.

The thickness, and hence the stiffness, of the switching electrode 44 is advantageously less than the stifiness of
the appendage 33.
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The end 46 of a flexible conductive braid 47 is welded electrically near the free end 45 of the bimetal member, its
other end being welded electrically to the contact arm 5 which can be assembled in the release device in known manner
to form a unitary subassembly which can easily be installed in the casing.

The terminal, the bimetal member and the switching electrode thus form an extremely simple and functional thermal
protection unit which can be installed in the casing together with the tripping device by only two easy steps of engagement
in suitable seats.

The function of the teeth 48, 49 of the appendage 33 will now be explained.

For reasons of the overall construction and arrangement of the components which cannot be changed, the append-
age 33 has to have a predetermined length since it has to extend from the terminal block to interfere with the calibration
screw 12 (Figure 1).

Owing to the inevitable presence of play and in the absence of teeth such as 48, 49, the teeth 29, 30 of the block,
which are engaged in the casing, act more as supports for a cantilevered member formed by the face 24 and by the
appendage 33 than as a fixed joint for the appendage 33.

Figure 4 shows in a static diagram the structure thus obtained.

The length of the cantilevered appendage 33 is indicated C, the length of the teeth 29, 30, which virtually corresponds
to the distance of the bearing constraints formed in the casing, is indicated | and the length | + C is indicated L.

If a force F is applied to the end of the cantilevered appendage by the calibration screw, the member bends and the
cantilevered end moves with a deflection f undergoing a pivoting movement o from the rest position.

As a result of this pivoting, the free end of a straight rigid element of length L1 such as the bimetal plate with its
other end fixed to the end of the cantilevered appendage moves with a deflection {1 = a.L1 - f from the rest position.

Since the ratio o/f is inversely proportional to C if other conditions remain the same (a/f = K/C where Kis a suitable
coefficient):

fi=L1 - K - f/C-f=(K - L1/C-1) - f

Clearly, therefore, the smaller C is, the larger the deflection f1 (or change in deflection Af1) is for a given deflection f (or
change of deflection Af).

On the other hand for C =K - L1 the deflection f1 would be zero for any value of f.

As shown in the static diagram of Figure 5, the teeth 48, 49 form a bearing constraint much closer to the point of
application of the force exerted by the calibration screw, reducing the cantilevered length C.

A suitable amplification of the deflection f1 relative to the deflection f imposed is thus achieved.

The amplification is limited exclusively by the maximum resilient stresses withstood by the cantilevered appendage
and by the economic advantage of using a standard threaded calibration screw rather than a more expensive fine-pitch
micrometric screw which might be required in order to reconcile too large an amplification factor with adequate calibration
sensitivity.

As afurther advantage, the teeth 48, 49 form a bearing constraint which practically eliminates the undesired pivoting
effects induced on the support arm by the mechanical stresses exerted on the terminal by the ends clamped therein.

Claims

1. Athermal protection unit for an automatic circuit breaker in which a clamping terminal (20) with a movable jaw (37)
establishes mechanical anchorage and electrical connection with external lead ends and a bimetal plate (42) which
is electrically connected to the terminal (20, 37) and to a movable contact (5) of the circuit breaker and through
which a current passing through the circuit breaker flows, characterized in that it comprises a cantilevered conducting
support appendage (33) integral with the terminal (20), one end (41) of the bimetal plate (42) being welded electrically
to the free end (35) of the cantilevered support appendage.

2. A unit according to Claim 1, comprising an arc-switching electrode (44) welded to the said end (35) of the bimetal
plate (42) on an opposite face of the bimetal plate to the weld between the bimetal plate and the conducting append-
age (33).

3. A unit according to Claim 1 or Claim 2, in which the terminal (20,37) comprises a block (20) formed integrally with
the cantilevered support (33) by bending of a flat plate or strip blank (19).

4. A unit according to any one of Claims 1, 2 and 3, in which the block (20) comprises a plurality of teeth (28, 29, 30,
31) for locating the block (20) in a circuit-breaker casing (50) by the insertion of the teeth in corresponding seats of
the casing.
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A unit according to Claim 4, in which the cantilevered appendage comprises a pair of teeth (48, 49) for insertion in
corresponding seats in the casing (50), the pair of teeth (48, 49) forming a support for the appendage (33) which
defines a length of the cantilevered extension of the appendage (33) less than the length of the appendage (33).

A unit according to Claim 5, in which the cantilevered extension of the appendage (33) has a lower moment of inertia
upon bending than that of the remaining portion of the appendage.

An automatic circuit breaker comprising a unit according to the preceding claims and a calibration screw (12) acting
on the free end (35) of the cantilevered support (33) in order to pivot the free end resiliently.



EP 0 708 470 A1

F1G. 1

53

52
59

62

%

54

50

oQ
LN
' \
N OOONNNNNNNNNNNNNY ] NN BN
NNy ——
— =~ b
e
'Q S U
~\ \ — —— /
7/
e G
N
i 0
I( 158
o
M~ O
TR
O ~T
A
N

\ NV RN /4

o[ N
¥
= 5o




EP 0 708 470 A1




EP 0 708 470 A1

/ ],12
A Z\K f— 4+
£y » ' G I F
- 1,
£4
FIG. 4
L4, .
849 7|1
r——— ~ £
£ | /J‘ C\ _—’F
X /‘-\
{4
FIG.5
A




EP 0 708 470 A1

Office

0>) European Patent EUROPEAN SEARCH REPORT Application Number

EPO FORM 1503 03.82 (P04CO01)

EP 95 20 2803

DOCUMENTS CONSIDERED TO BE RELEVANT

Citation of document with indication, where appropriate,

Relevant CLASSIFICATION OF THE

Category of relevant passages to claim APPLICATION (Int.CL.6)
X DE-A-35 14 390 (LICENTIA 1,3,4,6,| HO1H71/08
PATENT-VERWALTUNGS~GMBH) 7 HO1H71/16
A * page 3, paragraph 2 - page 5, paragraph [2,5
3; figures 1,2 *
A DE-B-28 41 004 (LICENTIA 1,2
PATENT-VERWALTUNGS-GMBH)
* column 3, line 3 - column 4, line 8;
figure *
A US-A-3 265 837 (K. W. KLEIN) 1,6,7
* column 4, line 12 - line 76; figures
1,3,6 *
TECHNICAL FIELDS
SEARCHED (Int.CL6)
HO1H
The present search report has been drawn up for all claims
Place of search Date of completion of the search Examiner
BERLIN 31 January 1996 Ruppert, W
CATEGORY OF CITED DOCUMENTS T : theory or principle underlying the invention
E : carlier patent document, but published on, or
X : particularly relevant if taken alone after the filing date
Y : particularly relevant if combined with another D : document cited in the application
document of the same category L : document cited for other reasons
A : technological backgroond
O : non-written disclosure & : member of the same patent family, corresponding
P : intermediate document document

10




	bibliography
	description
	claims
	drawings
	search report

