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Figure 1

(57) Abstract: A power tool comprises a housing, a motor
(2) mounted in the housing and having a rotary spindle (4), a
trigger (20) configured for switching on/off the motor (2), a
support member (10) tixed to the housing, and a spindle lock
(40) contigured to be actuated to move in a first radial direc-
tion (R1) to lock the spindle (4) and a second opposite radial
direction (R2) to release the spindle (4). When the trigger
(20) is switched on, it moves the spindle lock (40) in a first
axial direction (T1), and when the trigger (20) is switched oft,
the spindle lock (40) is allowed to move in a second opposite
axial direction (T2). The spindle lock (40) has a positioning
member (44) which cooperates with a stop portion (12) of the
support member (10) to prevent the power tool from being
switched on and being locked at the same time.
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Power Tool with Interlock System

Technical Field

The invention relates to a power tool having an interlock system for preventing the

power tool from being switched on and being locked at the same time.

Backeround Art

Power tools, such as portable power tools, are widely used. A typical power tool has an
electrical motor and a tool bit driven by the rotational spindle of the motor via a
transmission mechanism which converts the rotational movement of the spindle to the
movement required by the tool bit. The motor is switched on/off by an operator by

means of a switch trigger.

Sometimes, after the operation of the power tool, the spindle of the motor should be
locked from rotation for the purpose of, for example, exchanging the tool bit, or the like.
For this end, some conventional power tools are equipped spindle locks for locking their

spindles in place from rotation.

However, in a power tool having such a spindle lock, there is a problem that dangers
related with the spindle lock may happen. For example, when the power tool is switched
on, the spindle lock is still able to be pressed to lock the spindle of the motor; or, when
the spindle lock has been activated to stop the spindle, the tool is still able to be
switched on. In both conditions, the operations are very dangerous for the operators and
the tools.

For this reason, it is desired to provide a safety system for such power tools to offer a
safer working condition for operators by avoiding the above dangerous operations.
However, some portable power tools with spindle locks don’t have such a safety system.
Some plunge type power tools on market, such as Festoo TS55 EBQ, have a safety
function setting for this purpose, but such tools have complicated spindle locks and

safety systems.

As the safety system, an interlock system for preventing its spindle lock and switch

trigger from being operated at the same time is believed to be a good option.

Summary of the Invention

In view of the problems existed in the prior art, an object of the invention is to provide a
power tool having a simple and reliable interlock system for protecting the power tool

from being switched on and being locked at the same time.

For achieving this object, in one aspect, the present invention provides a power tool
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comprising:

a housing;

a motor mounted in the housing and having a rotary spindle;
a trigger configured for switching on/off the motor;

a support member fixed to the housing; and

a spindle lock configured to be actuated to move in a first radial direction to lock the

spindle and a second opposite radial direction to release the spindle;

wherein when the trigger is being switched on, it moves the spindle lock in a first axial
direction, and when the trigger is switched off, the spindle lock is allowed to move in a

second opposite axial direction; and

wherein the spindle lock has a positioning member which cooperates with a stop portion

of the support member so that:

when the spindle lock has been moved in the first radial direction to lock the spindle,
the positioning member is blocked by the stop portion to prevent the spindle lock from
being moved in the first axial direction and thus prevent the trigger from being switched

on, and

when the trigger has been switched on and thus has moved the spindle lock in the first
axial direction, the positioning member is blocked by the stop portion to prevent the

spindle lock from being moved in the first radial direction to lock the spindle.

In accordance with a preferred embodiment of the invention, the power tool further
comprises a nut fixed to the spindle, wherein when the spindle lock moves in the first

radial direction, it comes into contact with the nut and thus locks the spindle.

In accordance with another preferred embodiment of the invention, the power tool

further comprises a fan fixed to the spindle by the nut.

In accordance with another preferred embodiment of the invention, the power tool
further comprises a brake pad fixed to the spindle, such as by being attached to the fan,

and a frictional material attached to the spindle lock;

wherein when the spindle lock moves in the second axial direction, the frictional
material comes into contact with the brake pad to perform brake to the spindle, and
when the spindle lock moves in the first axial direction, the frictional material moves

away from the brake pad.

In accordance with another preferred embodiment of the invention, the power tool
further comprises a first returning member, such as a spring, biasing the spindle lock in

the second radial direction and a second returning member, such as a spring, biasing the
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spindle lock in the second axial direction.

In accordance with another preferred embodiment of the invention, the power tool

further comprises a pushing rod arranged between the trigger and the spindle lock;
wherein the pushing rod and the trigger each have a cam surface, and

when the trigger is switched on, the pushing rod is moved by means of the camming
action between the cam surfaces of the pushing rod and the trigger and thus pushes the

spindle lock to move in the first axial direction.

In accordance with another preferred embodiment of the invention, the positioning
member of the spindle lock has a radial positioning surface and an axial positioning
surface, and the stop portion of the support member has a radial stop surface and an

axial stop surface;

wherein when the spindle lock has been moved in the first radial direction to lock the
spindle, the radial positioning surface faces directly to and is blocked by the radial stop

surface to prevent the spindle lock from being moved in the first axial direction, and

when the spindle lock has been moved in the first axial direction by switching on the
trigger, the axial positioning surface faces directly to and is blocked by the axial stop

surface to prevent the spindle lock from being moved in the first radial direction.

In accordance with another preferred embodiment of the invention, the support member

is a guard of the power tool.

This interlocking concept of the invention can be used on circular saws, angle grinders,
marble cutters, and other rotary or linear power tools. The power tool of the invention is

preferably a portable power tool.

The invention provides a power tool having a new safety system, i.e., an interlock
system between its spindle lock and switch trigger. The interlock system has a simple
structure to avoid locking the spindle when tool is operating and avoid switching on the
tool when the spindle is locked, and thus improves safety condition for both the power

tool and its operators.

Brief Description of the Drawings

The invention will be further understood by reading the following detailed description

with reference to the drawings in which:

Figure 1 is a schematic cross-sectional view of a power tool according to an

embodiment of the invention, showing a stand-by state of the power tool;

Figure 2 is a schematic cross-sectional view of the power tool of Figure 1, showing a

state that the power tool is turned on and the spindle lock cannot be activated;
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Figure 3 is a schematic cross-sectional view of the power tool of Figure 1, showing a

state that the spindle lock is activated and the power tool cannot be turned on;
Figure 4 is a cross-sectional side view of the spindle lock of the power tool of Figure 1;

Figure 5 is a schematic view showing the relation of the spindle lock and the lock nut of

the power tool taken in an A-A direction in Figure 1;

Figure 6 is a schematic view showing the relation of the spindle lock and the stationary

support member of the power tool taken in a B-B direction in Figure 1;

Figure 7 to 9 are enlarged schematic views showing the positional relations of the
pushing rod, the spindle lock and the support member of the power tool corresponding

to the states of Figures 1 to 3 respectively; and
Figures 10 and 11 are partly sectional views showing variations of the spindle lock.

Detailed Description of Preferred Embodiments

Now, a power tool according to a preferred embodiment of the invention will be

described with reference to the drawings.

As shown in Figure 1, the power tool mainly comprises a housing (not shown), a motor
2 fixedly mounted in the housing and having a rotary spindle 4 which defines a
rotational axis Z, a fan 6 fixedly mounted around the rotary spindle 4 by a nut 8 so as to
be rotated by the spindle for cooling the motor, a stationary support member (for
example, a guard) 10 fixed to or integrally formed with the housing, for carrying a
bearing 12 which rotatably supports the spindle 4 near the tip end of the spindle 4; a
pinion 14 formed on or mounted to the tip end of the spindle, as a member of a
transmission mechanism for converting the rotational movement of the spindle 4 to a
rotational, liner or other movement required by a tool bit (not shown, such as a saw
blade, a grinding wheel, a drill bit, or the like); a trigger 20 configured to be operated by
an operator for switching on/off the motor 2; and a spindle lock 40 for locking the

spindle 4 from rotation.

The spindle lock 40 is moveable in radial directions R1 and R2, which are opposite to
each other, in Figure 1 to lock and release the spindle 4 respectively. Further, the spindle
lock 40 is also moveable in axial directions T1 and T2, which are opposite to each other,
to block and allow the spindle lock 40 moving in the radial direction R1 respectively, as

described below.

Specifically, with further reference to Figures 4 to 6, the spindle lock 40 according to a
preferred embodiment of the invention is a single piece member formed of a sheet metal
by punching and bending. The spindle lock 40 has a central ring portion 41 mounted in

normal state around the nut 8 between the fan 6 and the support member 10. The central
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ring portion 41 may have any shape, such as the circular shape in the illustrated example,

a rectangular shape, an elliptical shape, or the like.

An elongated actuation portion 42 extends radially from the outer periphery of the
central ring portion 41 in the radial direction R2 and terminates with a bent actuation

end 43 which can be pushed by an operator.

A protrusion (positioning member) 44 is protruded from actuation portion 42 at a
position between the actuation end 43 and the outer periphery of the central ring portion
41 towards the support member 10 so as to be restrained by an stop portion 12 of the

support member 10.

In the illustrated example, the protrusion 44 is formed by punching out a part of the
actuation portion 42. However, the protrusion 44 can be formed by any manner. For
example, it may be a separate member and is fixed to the actuation portion 42 by
welding, screw fastening, or the like. Meanwhile, the protrusion 44 may be a straight
flap extending parallel to the axis Z, like that shown in Figures 1 to 6. However, the
protrusion 44 may have varied shapes, such as that shown in Figures 10 and 11, only if
it protrudes towards the stop portion 12 of the support member 10 and provides two
positioning surfaces to be restrained by corresponding stopping surfaces of the stop
portion 12, ie., a first (radial) positioning surface 44a extending in a plane
perpendicular to the axis Z and facing towards the support member 10 so as to be
restrained by a first (radial) stopping surface 12a of the stop portion 12 which extends
also in a plane perpendicular to the axis Z and faces towards the spindle lock 40, and a
second (axial) positioning surface 44b extending in an inwardly facing plane parallel to
the axis Z so as to be restrained by a second (axial) stopping surface 12b of the stop
portion 12 which extends in an outwardly facing plane parallel to the axis Z. Please

refer to Figure 7 (corresponding to the state shown in Figure 1) for details.

The spindle lock 40 further has a locking portion 45 formed on the inner periphery of
the ring portion 41 at a position corresponding to the actuation portion 42 and protruded
in a radial direction opposite to the actuation portion 42 towards the nut 8. By engaging
the locking portion 45 with a flat surface portion of the nut §, the spindle 4 will be

locked from rotating.

The spindle lock 40 further has a biased portion 46 which is also protruded towards the
support member 10 as the protrusion 44 but much longer than the protrusion 44. In the
illustrated example, the biased portion 46 is formed from a position on the inner
periphery of the ring portion 41 diametrically opposed to the locking portion 45.
However, the biased portion 46 may be formed at any suitable position along the

extension line of the actuation portion 42 or even form on the actuation portion 42.
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The biased portion 46 inserts into a recess 60 formed in the support member 10 and is
biased by a spring (first returning member) 62 mounted in the recess 60 in the radial
direction R2.

In the normal state of the spindle lock 40, the biased portion 46 is biased by the spring
62 against an inner wall portion of the recess 60. When an operator pushes the actuation
end 43 of the spindle lock 40, the spindle lock 40 will move in the radial direction R1
against the spring 62, so that the locking portion 45 engages the nut 8§ to lock the spindle
4. After the operator releases the actuation end 43 of the spindle lock 40, the spring 62
will force the spindle lock 40 back in the radial direction R2 so that the locking portion
45 leaves the nut 8 to unlock the spindle 4.

In this way, the spindle lock 40 locks the spindle 4 according to the operator’s actuation

to it and automatically unlocks the spindle 4 when the operator’s actuation releases.

As an optional feature of the spindle lock 40, the spindle lock 40 is combined with a
brake assembly. Specifically, as shown in Figures 1 to 3, the brake assembly comprises
a circular brake pad 16 attached to the back surface of the fan 6 (the surface facing away
from the main body of the motor 2) and a frictional material 18 attached to a brake
portion 48 of the spindle lock 40. The brake portion 48 may be formed at any position
around the outer periphery of the ring portion 41, and may be formed at more than one

position.

When the spindle lock 40 moves in the axial direction T1, the frictional material 18 is
away from the brake pad 16, and no brake action is applied to the spindle 4. When the
spindle lock 40 moves in the axial direction T2, the frictional material 18 pushes against
the brake pad 16, and brake action is applied to the spindle 4 to quickly stop the rotating
spindle 4.

The movement of the spindle lock 40 moves in the directions T1 and T2 are achieved by

the trigger 20 and a spring (second returning member) 72 respectively.

The trigger 20 moves the spindle lock 40 in the axial direction T1 by means of a
pushing rod 90 which is arranged at a side of the spindle lock 40 which is opposite to
the support member 10.

As more clearly shown in Figure 7, the trigger 20 has a cam surface 22. The pushing rod
90 has a front end 90a which biases against the actuation portion 42 (or one or more of
other portions of the spindle lock 40), a middle portion 90b guided by a guiding portion
76 formed on the housing, and a back end 90c having a cam surface 90d cooperative
with the cam surface 22 of the trigger 20 so that, when the trigger 20 moves in direction
S1, the camming action created by the cam surfaces 22 and 90d results in that the

pushing rod 90 moves in the axial direction T1, and thus the spindle lock 40 is driven by
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the front end 90a of the pushing rod 90 to move in the axial direction T1.

The spring 72 is mounted in the recess 70 formed in the support member 10 at a
position facing the spindle lock 40 (in the illustrated example, at a position facing the
actuation portion 42; however, the recess 70 can be formed at one or more positions
facing other portions of the spindle lock 40). When the trigger 20 moves in direction S2
which is opposite to the direction S1, the spring 72 pushes the spindle lock 40 in the

axial direction T2 back to its original position.

The moving directions S1 and S2 may be any directions that perpendicular to the axis Z.
The trigger 20 can be moved in the direction S1 by an operator to switch on the power
tool. When the operator wants to end the operation of the power tool, he may release the
trigger 20 to allow it to move in the direction S2. The trigger 20 may move in the
direction S2 by the camming action between the cam surfaces 22 and 90d. However, to
improve reliability, a returning member (such as a spring, not shown) may be provided

for the trigger 20 to move it in the direction S2.

For limiting the movement distance of the spindle lock 40 in the axial direction T1, the
back end 90c of the pushing rod 90 may have a larger diameter than the middle portion
90b, so that when the back end 90c contacts and is blocked by the guiding portion 76,
the pushing rod 90 and thus the spindle lock 40 cannot be moved in the axial direction

T1 anymore.

For guiding the movements of the spindle lock 40 in the directions R1, R2, T1 and T2, a
guiding structure 78 may be formed or mounted at one or more positions of the support

member 10.

In the normal or stand-by state of the power tool as shown in Figure 1, both the trigger
20 and the spindle lock 40 are released.

In this state, the spindle lock 40 is biased by springs 62 and 72 so as to be located in its
radial and axial home positions. Now the spindle lock 40 is able to be moved both in the
radial direction R1 by an operator pushing on the actuation end 43 and in the axial

direction T1 by the operator switching on the trigger 20 in the direction S1.

In this state, as clearly shown in Figure 7, the protrusion 44 of the spindle lock 40 is
positioned with respect to the stop portion 12 of the support member 10 in a condition
that its first and second positioning surfaces 44a and 44b near but unaligned with the

first and second stopping surfaces 12a and 12b of the stop portion 12 respectively.

In this state, although the spindle lock 40 is able to be moved in both radial and axial
directions, its movability in one direction is blocked once it has been moved in the other
direction. That is to say, once the spindle lock 40 has been moved in the radial direction

R1, it is blocked by the stop portion 12 from moving in the axial direction T1; on the

7
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other hand, once the spindle lock 40 has been moved in the axial direction T1, it is
blocked by the stop portion 12 from moving in the radial direction R1. This function

will be described in more details below.

Specifically, as shown in Figures 2 and §, the power tool is turned on by an operator
moving the trigger 20 in the direction S1. As the trigger 20 is moving in the direction S1,
the camming action created by the cam surfaces 22 and 90d results in that the pushing
rod 90 moves in the axial direction T1, and thus the spindle lock 40 is driven by the
pushing rod 90 to move in the axial direction T1. As a result, the second positioning
surface 44b of the protrusion 44 of the spindle lock 40 is aligned to or directly faces to
the second stopping surface 12b of the stop portion 12. In this state, the protrusion 44 of
the spindle lock 40 is blocked by the stop portion 12 from moving in the radial direction
R1, and thus the spindle lock 40 cannot be pushed down in the radial direction R1. This
will prevent the rotating spindle 4 from being locked by the spindle lock 40.

As also can be seen in Figure 2, as the spindle lock 40 moves in the axial direction T1,
the frictional material 18 attached to the spindle lock 40 leaves the brake pad 16 to

allow the spindle 4 to rotate.

During the operation of the power tool, the operator keeps the switching on state of the

trigger 20, as is understood by those skilled in the art.

In the operation state of the power tool as shown in Figures 2 and 8, when the operator
release the trigger 20, the trigger 20 moves in the direction S2, and then the spindle lock
40 moves in the axial direction T2 under the returning force of the spring 72 so that the
frictional material 18 moves to and contacts the brake pad 16 to stop the rotation of the
spindle 4. Meanwhile, the protrusion 44 of the spindle lock 40 leaves the stop portion 12
and the blocking to the movability of the spindle lock 40 in the radial direction R1 is
removed. Then, the spindle lock 40 can be pushed down in the radial direction R1 to
lock the spindle 4.

On the other hand, as shown in Figures 3 and 9, in the turned off state of the power tool,
the spindle lock 40 is pushed down in the radial direction R1. By this action, the locking
portion 45 of the spindle lock 40 moves to and contacts the nut §, thus locking the
spindle 4 from rotating. Meanwhile, the first positioning surface 44a of the protrusion
44 of the spindle lock 40 being aligned to or directly facing to the first stopping surface
12a of the stop portion 12. In this state, the protrusion 44 of the spindle lock 40 is
blocked by the stop portion 12 from moving in the axial direction T1, and thus the
spindle lock 40 and the pushing rod 90 cannot be moved in the axial direction T1. This
means that the trigger 20 cannot be switched on in the direction S1, and thus the power
tool is prevent from being switched on when the spindle 4 is locked by the spindle lock
40.
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The operator keeps pushing down the spindle lock 40 until he wants to remove the

locking to the spindle 4.

When the operator release the spindle lock 40, the spindle lock 40 moves in the axial
direction R2 under the returning force of the spring 62. Then, the whole power tool goes

back to its stand-by state shown in Figure 1.

It can be seen that the trigger 20, the spindle lock 40 and the support member 10 form
an interlock system to prevent the spindle lock 40 from being moved in both radial and
axial directions at the same time. Thus, the power tool according to the invention is
equipped with a simple and reliable interlock system for protecting the power tool from

being switched on and being locked at the same time.

While certain embodiments have been described, these embodiments have been
presented by way of example only, and are not intended to limit the scope of the
inventions. The attached claims and their equivalents are intended to cover all the
modifications, substitutions and changes as would fall within the scope and spirit of the

invention.
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CLAIMS

1. A power tool comprising:

a housing;

a motor mounted in the housing and having a rotary spindle;
a trigger configured for switching on/off the motor;

a support member fixed to the housing; and

a spindle lock configured to be actuated to move in a first radial direction to lock the

spindle and a second opposite radial direction to release the spindle;

wherein when the trigger is being switched on, it moves the spindle lock in a first axial
direction, and when the trigger is switched off, the spindle lock is allowed to move in a

second opposite axial direction; and

wherein the spindle lock has a positioning member which cooperates with a stop portion

of the support member so that:

when the spindle lock has been moved in the first radial direction to lock the spindle,
the positioning member is blocked by the stop portion to prevent the spindle lock from
being moved in the first axial direction and thus prevent the trigger from being switched

on, and

when the trigger has been switched on and thus has moved the spindle lock in the first
axial direction, the positioning member is blocked by the stop portion to prevent the

spindle lock from being moved in the first radial direction to lock the spindle.

2. The power tool of claim 1, further comprising a nut fixed to the spindle, wherein
when the spindle lock moves in the first radial direction, it comes into contact with the

nut and thus locks the spindle.

3. The power tool of claim 2, further comprising a fan fixed to the spindle by the nut.

4. The power tool of claim 3, further comprising a brake pad fixed to the spindle, such

as by being attached to the fan, and a frictional material attached to the spindle lock;

wherein when the spindle lock moves in the second axial direction, the frictional
material comes into contact with the brake pad to perform brake to the spindle, and

when the spindle lock moves in the first axial direction, the frictional material moves

10
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away from the brake pad.

5. The power tool of any one of claims 1 to 4, further comprising a first returning
member, such as a spring, biasing the spindle lock in the second radial direction and a
second returning member, such as a spring, biasing the spindle lock in the second axial

direction.

6. The power tool of any one of claims 1 to 5, further comprising a pushing rod

arranged between the trigger and the spindle lock;
wherein the pushing rod and the trigger each have a cam surface, and

when the trigger is switched on, the pushing rod is moved by means of the camming
action between the cam surfaces of the pushing rod and the trigger and thus pushes the

spindle lock to move in the first axial direction.

7. The power tool of any one of claims 1 to 6, wherein the positioning member of the
spindle lock has a radial positioning surface and an axial positioning surface, and the

stop portion of the support member has a radial stop surface and an axial stop surface;

wherein when the spindle lock has been moved in the first radial direction to lock the
spindle, the radial positioning surface faces directly to and is blocked by the radial stop

surface to prevent the spindle lock from being moved in the first axial direction, and

when the spindle lock has been moved in the first axial direction by switching on the
trigger, the axial positioning surface faces directly to and is blocked by the axial stop

surface to prevent the spindle lock from being moved in the first radial direction.

8. The power tool of any one of claims 1 to 7, wherein the support member is a guard of

the power tool.

9. The power tool of any one of claims 1 to 8, wherein the power tool is a circular saw,

an angle grinder, or a marble cutter.

10. The power tool of any one of claims 1 to 9, wherein the power tool is a portable

power tool.

11
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