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(&) Switch.

@ In a switch with a circuit-arrangement for controlling the speed and for adjusting the direction of
rotation of an electric motor, in particular for electric power tools, the maximum distance of travel of the
trigger element (3,8) in the setting for anti-clockwise rotation is limited by a reducing pin (11), on which
the inner end (10) of an anti-clockwise stop (9), provided on the trigger element (3,8), comes to rest. The
adjustable stop element (4,5) which itself determines the distance of travel is only effective in the
anti-clockwise direction for speeds below the maximum speed.
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SWITCH

The present invention relates to a switch, particu-
larly to a switch with a circuit arrangement for control-
ling the speed and for adjusting the direction of
rotation of an electric motor, in particular for electric
power tools, with a switch housing containing the cir-
cuit arrangement, on which switch housing a trigger
element is mounted which can be moved backwards
and forwards between an off-position away from the
switch housing and an on-position close to the switch
housing, in which switch housing there is a stop-ele-
ment which can be moved in the direction of the back-
ward-and-forward movement of the trigger element
between a position for maximum speed and a position
for minimum speed, which limits the movement of the
trigger element in the on-position and which when
adjusted for maximum speed in the setting for clock-
wise rotation of the electric motor lies with the inner
end which faces the switch housing against a stop-
face of the switch housing, as well as with a reducing
pin mounted on the switch housing, which can be
moved perpendicular to the movement of the trigger
element between a position for anti-clockwise rotation
and a position for clockwise rotation, which pin is
situated, when in the position for clockwise rotation,
outside the travel path of the inner end of the stop ele-
ment and in its anti-clockwise rotation position serves
as a stop to shorten the distance of fravel of the trigger
element compared with its distance of travel in the
position for clockwise movement.

A switch of this type is the subject of an earlier
design which is not part of the prior art. In this switch
the travel of the trigger element in the setting for clock-
wise rotation is greater than in the setting for anti-
clockwise rofation, so that the speed in clockwise
rotation is greater than in the anti-clockwise direction.
This is frequently important, inter alia, in the case of
electric power tools, because the electric motors used
are frequently wound such that they produce less
radio disturbance in clockwise rotation than in anti-
clockwise rotation. The lower maximum speed in anti-
clockwise rotation due to the shorter travel of the
trigger element means that in this operating state the
radio interference is no higher than in the clockwise
rotation which has a higher maximum speed.

In the designed switch, in order to reduce the
maximum anti-clockwise rotation speed, a reducing
pin is moved so that it is situated between the inner
end face of the stop element and the surface of the
switch housing which serves as a stop in the clock-
wise rotation position. As a result, the distance of
travel of the trigger element at every position of the
stop element in the anti-clockwise rotation position is
reduced by the size of the reducing pin, in the direction
of the backward-and-forward movement of the frigger
element, compared with that in the clockwise-rotation
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position, i.e. in the anti-clockwise rotation position the
inner end of the stop element comes to rest earlier on
the reducing pin, which limits the travel by the width
of the reducing pin extending in the direction of the
backward-and-forward movement of the trigger ele-
ment, than it does in the clockwise-rotation position in
which the reducing pin is located outside the travel
path of the stop element and the movement is limited
by the inner end of the stop element coming to rest on
the surface of the switch housing.

The designed switch operates very satisfactorily
in the clockwise rotation setting and also in the anti-
clockwise setting when the stop element is positioned
for a relatively high speed. When the latter is the case,
the trigger element can be moved a certain distance
towards the switch element and thus the desired
speed can be adjusted. Difficulties occur, however,
when a low speed, particularly the minimum possible
speed, is to be set with this switch in the anti-clock-
wise position. In this setting, when the trigger element
is in the off-position, the inner end of the stop element
is very close to the reducing pin, so that only an ext-
remely short distance of fravel is available for the dis-
placement of the trigger element, which is not
sufficient to pemmit controlled adjustment of the speed
to the desired minimum value,

This problem cannot be eliminated by increasing
the distance of the inner end of the stop element when
in the position for minimum speed in anti-clockwise
rotation, because this then increases the minimum
speed adjustable in clockwise rotation, and thus the
range of speeds that can be fixed by engagement of
the adjustable stop element is reduced.

The object of the invention is to improve a switch
so that the minimum speed can be controlled and can
be set consistently by the displacement of the trigger
element even in the anti-clockwise rotation position.

To achieve this object, a switch of the type men-
tioned in the introduction is constructed according to
the invention such that a fixed anti-clockwise rotation
stop is provided on the trigger element, the inner stop-
face of which, when the stop element is positioned for
minimum speed, is distanced further from the switch
housing than the inner face of the stop element, and
that the reducing pin in the anti-clockwise position lies
in the travel path of the anti-clockwise rotation stop,
and that, at least in the setting for maximum speed,
the trigger movement in the direction of the on-posi-
tion is limited by the inner end of the anti-clockwise
rotation stop coming to rest on the reducing pin. The
anti-clockwise rotation stop is preferably located here
above the inner section of the stop element.

In the case of the switch according to the inven-
tion, therefore, the control of the speed and in particu-
lar the limitation of the speed setting using the stop
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element when in the clockwise-rotation position of the
reducing pin is carried out in the same manner as in
the switch described above, which is not part of the
prior art.

In the anti-clockwise rotation position, however,
the maximum speed adjusted is limited by means of
the anti-clockwise rotation stop, which is fixed on the
trigger such that its position cannot be altered and in
anti-clockwise rotation comes to rest on the reducing
pin before the inner end of the stop-element which is
set to maximum speed can touch the surface of the
switch housing which serves as a stop in clockwise
rotation. In contrast, for very low speeds, including the
minimum speed, even in anti-clockwise rotation the
inner end of the stop element is used to limit this
speed. The inner end, however, does not come fo rest
on the reducing pin, but rests on the surface of the
switch housing, as is also the case in clockwise rota-
tion, because the stop elementin this setting is moved
so far in the direction of the switch housing that the
inner end of the stop element comes to rest on the
switch housing, before the inner end of the anti-clock-
wise stop can touch the reducing pin. Consequently,
at the minimum speed in anti-clockwise rotation, the
way the clockwise rotation control functions is main-
tained and thus a sufficiently large distance of travel
for the trigger element is also available in anti-clock-
wise rotation for controlling the motor between stand-
still and minimum speed.

However, the maximum anti-clockwise rotation
speed is determined by the co-operation of the anti-
clockwise rotation stop and the reducing pin, such that
the inner end of the anti-clockwise stop is closer to the
inner end of the reducing pin than the inner end of the
stop element is to the stop face provided on the switch
housing for the stop element, i.e. the inner end of the
story element is in a position which corresponds to the
position for maximum speed in clockwise rotation, but
does not reduce this greatest possible speed for anti-
clockwise rotation. The latter takes place through the
fixed position of the inner end of the anti-clockwise
stop which, as mentioned above, comes to rest earlier
on the reducing pin than the inner end of the stop ele-
ment on the surface of the switch housing.

It should be mentioned that ‘minimum
speed’ and 'maximum speed’ refer to speeds deter-
mined by the limitation of the movement of the frigger
element. In operation, therefore, speeds also occur
which are lower than the "minimum speed’, namely
those which are produced at the beginning of the dis-
placement movement of the trigger element. If there
should be a provision for locking the trigger element,
the comesponding locking position detemines
the 'minimum speed’ and the 'maximum speed’.

In order that the present invention be better
understood, a preferred embodiment will now be des-
cribed in more detail by way of example with reference
to the accompanying drawings in which:-
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Figure 1 shows a switch, partly in elevation and
partly broken open and in section, in the setting
for maximum speed in clockwise rotation;

Figure 2 shows the switch of Figure 1 in the set-

ting for minimum speed in clockwise rotation;

Figure 3 shows the switch in a representation cor-

responding to Figures 1 and 2, in the setting for

maximum speed in anti-clockwise rotation;

Figure 4 shows the switch of Figures 1to 3in a

setting for minimum speed in anti-clockwise

direction;

Figure 5 shows a detail drawing of the upper end

ofthe reducing pin and the outer end of the adjust-

ing lever for switching the direction of rotation in
the clockwise-rotation position, and

Figure 6 shows a drawing corresponding to Fig-

ure 5 of the reducing pin and the adjusting lever

in the position for anti-clockwise rotation.

The switch shown has a switch housing 2, in
which a conventional electronic circuit and contact
arrangements are situated, with which an electric
motor can be driven at different speeds both in the
anti-clockwise and clockwise directions. On the
switch housing 2, a trigger element 3 is seated which
can be moved against the pressure of a spring
towards the switch housing (to the right in the Fig-
ures), on which frigger element a pusher rod 8 is
attached which extends towards the switch housing
(i.e. to the right in the Figures) and to the inner end of
which sliding contacts are attached, in 2 manner not
shown, for co-operation with the circuit elements pro-
vided in the interior of the switch housing which con-
tacts move together with pusher rod 8 when the
trigger element 3 is displaced. In the trigger element
3, a stop element with an inner pin-shaped section 4
and an outer rotary knob 5 is positioned in a through-
hole with an interior thread, such that on rotation of the
rotary knob 5 the operator can screw this stop element
as required into the trigger element 3 and in this way
can bring the inner end 6 of the section 4 of the stop
element 4, 5 as close as required to the stop-face 7
formed by the switch housing 2.

In the upper part of the switch housing 2 a reduc-
ing pin 11 is mounted which can be moved to and fro
perpendicular to the direction of the possible displace-
ment movement of the trigger element 3, and theref-
ore vertically in the Figures, on which a spring 16,
which is attached to a pin 15 on the switch housing 2,
acts with a force directed upwards in the Figures. The
upper end of the reducing pin 11 is chamfered (Fig-
ures 5 and 8), and, in the position for clockwise rota-
tion, this pin projects above an upper face of the
switch housing 2 (Figure 5). On this face is the inner
section of the adjusting lever 13, which is mounted
rotatably on the switch housing 2, so that the operator
can pivot it by moving the handle 14 between a posi-
tion for clockwise rotation and a position for anti-
clockwise rotation. The adjusting lever 13 effects a
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switchover in a usual manner, not shown, e.g. by rota-
tion of the armature by means of a di-polar reversing
switch, through which the direction of rotation of the
electric motor is switched between clockwise and
anti-clockwise.

Inthe position for clockwise rotation (Figure 5) the
inner end of the adjusting lever 13 is out of engage-
ment with the reducing pin 11. As a result this is
pushed upwards by the force of the spring 16 so that
its lower end is in the position as shown in Figures 1
and 2. If the adjusting lever 13 is shifted into the posi-
tion for anti-clockwise rotation, then the inner end of
the adjusting lever slides over the sloping face 12 on
the upper end of the reducing pin 11 and pushes this
downwards against the force of the spring 16 into the
position in Figures 3 and 4.

On the pusher rod 8, an oblong anti-clockwise
stop 9 is provided, which can, for example, be con-
structed in one piece with the pusher rod 8, and the
lower face of which is adjacent to the upper face of the
inner section 4 of the stop element 4,5. Here the inner
section 4 of the stop-element 4,5, the anti-clockwise
stop 9 and the reducing pin 11 lie somewhat higher,
relative to the planes of projection in Figures 1 to 4,
than the pusher rod 8, so that these are situated
behind the reducing pin 11 and behind the inner sec-
tion 4 of the stop element 4,5 and can be moved,
unimpeded by this, together with the trigger element
3.

As already mentioned, the direction of rotation of
the electric motor to be controlled by the switch
depends on the position of the adjusting lever 13. The
speed of the electric motor is determined by the posi-
tion of the trigger element 3 with regard to the switch
housing. In the positions in Figures 1 to 4, the frigger
element 3 is situated in the off-position at the greatest
distance from the switch housing 2. If the trigger ele-
ment 3 is moved out of this position towards the switch
housing 2 against the spring pressure, i.e. to the right
in the Figures, the electric motor is energised, and the
further the trigger element 3 is displaced in this direc-
tion, the more its speed increases.

In the switch position for clockwise rotation shown
in Figures 1 and 2, the trigger element 3 can be moved
into the switch housing 2 to the point at which the inner
end 6 of the stop element 4,5 lies against the stop face
7 of the switch housing 2. One can see thatin the posi-
tion shown in Figure 1 the stop element 4,5 is screwed
further out of the trigger element 3 than in the position
shown in Figure 2. In the arrangement of Figure 1 the
stop element 4,5 is in the maximum screwed out posi-
tion, so that there is a maximum distance of travel for
the trigger element 3 and thus a maximum speed can
be achieved. in the position of Figure 2, the stop ele-
ment 4,5 is screwed as far as possible into the trigger
element 3, i.e. the inner end 6 of the stop element 4,5
is situated when the trigger element 3 is in the off-posi-
tion appreciably less distant from the stop-face 7 of
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the switch housing 2 than in the position in Figure 1.
As a result the travel of the trigger element 3 is shor-
tened and in this position it is possible to set the mini-
mum speed of the electric motor.

it should be mentioned that in the embodiments
in Figures 1 and 2, the lower end of the reducing pin
11 lies above the innersection 4 of the trigger element
4.5 and also above the anti-clockwise rotation stop 9,
so that the distances of travel of the trigger element 3
with the pusher rod 8 and stop element 4,5 are not
impaired by the reducing pin 11.

As already mentioned, the maximum anti-clock-
wise rotation speed of the electric motor is clearly
lower than the maximum clockwise rotation speed, in
order, inter alia, to keep the radio interference, which
is more marked in anti-clockwise rotation, below the
pre-set limits.

Ifthe adjusting lever 13 is moved into the position
for anti-clockwise rotation, a downward movement
takes place of the reducing pin 11 against the force of
the spring 16, as described above, so that the lower
end of the reducing pin 11 remains above the inner
section 4 of the stop element 4,5 but lies at the level
of the anti-clockwise rotation stop 9, as can be seen
in figures 3 and 4.

If the operator has put the stop element 4,5 into
the minimum speed position when in this anti-clock-
wise rotation position (Figure 4), then the inner end 6
of the stop element 4,5 is the same distance from the
stop face 7 of the switch housing as it is in the mini-
mum speed position in clockwise rotation (Figure 2).
in this position, moreover, when the trigger element 3
is not moved, the inner end 10 of the anti-clockwise
rotation stop 9 is further away from the side of the
reducing pin facing it than the inner end 6 of the stop
element 4,5 is from the stop face 7 of the switch hous-
ing 2. The trigger element 3 can thus be moved, when
in this position, in the same way as when in the cor-
responding position for clockwise rotation, until the
inner end 6 of the stop element 4,5 hits the stop face
7 of the switch housing 2, in order to energise the elec-
tric motor corresponding to the minimum speed deter-
mined by this position, and the distance of travel
available enables the electric motor to be brought up
to this minimum speed in a controlied manner.

In the position of the stop element for maximum
speed (Figure 3) the inner end 6 of the stop element
4,5 is displaced so far from the stop face 7 of the
switch housing 2 and therefore to the left in Figure 3
that the distance between the inner end 6 and the stop
face 7 is distinctly greater than the distance between
the inner end 10 of the anti-clockwise stop 9 and the
side of the reducing pin 11 which faces it. If therefore
the trigger element 3 moves, when in this position,
against the spring pressure in the direction of the
switch housing 2, the inner end 10 of the anti-clock-
wise stop 9 comes to rest on the lower end region of
the reducing pin 11 which prevents the further move-
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ment of the trigger element 3, and with the inner end
6 of the stop element 4,5 still at a distance from the
stop face 7 of the switch housing 2, i.e. the maximum
speed attainable is reduced compared with the
maximum speed attainable in clockwise rotation.

Claims

1.

2.

Switch with a circuit arrangement for controlling
the speed and for adjusting the direction of rota-
tion of an electric motor, in particular for electric
power tools, with a switch housing (2) containing
the circuit arrangement, on which a trigger ele-
ment (3,8) is mounted which can be moved back-
wards and forwards between an off-position away
from the switch housing (2) and an on-position
close to the switch-housing (2), in which there is
a stop-element (4,5) which can be moved in the
direction of the backward-and-forward movement
of the trigger element (3,8) between a position for
maximum speed and a position for minimum
speed, which limits the movement of the frigger
element (3,8) into the on-position and which when
adjusted for maximum speed in the setting for
clockwise rotation of the electric motor lies with
the inner end which faces the switch housing (2)
against a stop-face (7) of the switch housing (2),
as well as with a reducing pin (11) mounted on the
switch housing (2), which pin can be moved per-
pendicular to the movement of the trigger element
(3,8) between a position for anti-clockwise rota-
tion and a position for clockwise rotation, which
pin is situated, when in the position for clockwise
rotation, outside the travel path of the inner end
(6) of the stop element (4,5) and in its anti-clock-
wise rotation position serves as a stop to shorten
the distance of travel of the trigger element (3,8)
compared with its distance of travel in the position
for forward movement, characterised in that on
the trigger element (3,8) a fixed anti-clockwise
stop (9) is provided, the inner stop-face (10) of
which, when the stop element (4,5) is in the posi-
tion for minimum speed, is distanced further away
from the stop-face (7) of the switch housing (2)
than the inner face (6) of the stop-element (4,5),
and that the reducing pin (11) in the anti-clock-
wise position lies in the fravel path of the anti-
clockwise stop (9), and, at least in the setting for
maximum speed, the trigger movement (3,8) in
the direction of the on-position is limited by the
inner end (10) of the anti-clockwise stop (9) com-
ing to rest on the reducing pin (11).

Switch according to claim 1, wherein the anti-
clockwise stop (9) is provided above the inner
section (4) of the stop element (4,5).
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3. Switch according to claim 1 or 2, wherein the anti-

clockwise stop (9) is constructed in one piece with
the adjacent part (8) of the trigger element (3,8).
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FIG. 6
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