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(57) Abstract: The device (12) comprises a laser (14) which is attached to the tool (2). During operation a laser beam (16) is emitted
onto an optical lens (20) which is of cylindrical shape. The lens (20) is suspended to swivel freely, e. g. by means of a swivel arm
(24) which is operatively connected to the tool (2). Thus, the main axis (28) of the lens (20) is kept vertically by the gravity force
when the tool (2) is moved or tilted. The shape of the laser marker (I1 II, IIT) generated on a workpiece (8) is an indication for the
user of the tool (2) concerning an inclination (x, y) of the tool (2).
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DEVICE FOR DETERMINING THE INCLINATION OF A TOOL, SUCH AS AN ELECTRIC DRILL

FIELD OF THE INVENTION
This invention relates to a device for determining the inclination of a tool, such as an electric drill,
from the true horizontal direction.

BACKGROUND OF THE INVENTION

With regard to some tools it is of great importance that the user applies the tool and works with it in
a straight horizontal direction. This is true, for instance, for an electric drill. In order to drill properly a
hole into a vertically positioned wall, in most cases the drill bit must be contacted with the wall such
that the longitudinal axis of the drill bit is located in a horizontal plane. Any deviation or inclination from
the true horizontal direction should be discovered and corrected before the drilling process proper
starts. For the user of the drill the determination of such inclination without any indication device may
be difficult, in particular when the user cannot stand right behind the drill or when the user has to reach
to the side or overhead. ‘

Consequently, when the user wants to drill a horizontal hole into a vertical wall by means of an
electric drill, the user would like to have a clear indication whether or not a vertical deviation from a
strictly horizontal direction prevails, in order to provide for a correction, if necessary.

SUMMARY OF THE INVENTICON

Thus, it is an object of this invention to provide a device for determining whether or not there is an
inclination of a tool with regard to a horizontal plane.

It is another object of this invention to provide a device which gives a clear optical indication to the
user of the tool whether or not the tool is applied strictly horizontally with respect to an object or a
working piece, such as a vertical wall.

Itis still another object of this invention to provide an inclination determining device which is easy to
handle.

And it is still another object of the invention to provide such a device, which can be produced at
relatively low cost.

According to this invention the device comprises

a) alens being at least essentially of a cylindrical configuration, said lens having a main axis,

b) alaser for emitting a laser beam onto said lens, said laser being attachable to said tool, and

c) means for associating said lens with said tool in such a way that said main axis of said lens is
kept vertically by gravity.

In particular, the aforementioned means comprises a rigid swivel arm, such as a wire. This swivel
arm can swivel about a swivel axis which is perpendicular to the central laser beam. Such arm may
swivel in a predetermined plane, and it enables the lens to follow the gravity force and to keep its main
axis vertically, when the tool and thus the laser beam are tilted or inclined away from the horizontal

plane.
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The laser beam that leaves the lens is spreaded. It forms a laser marker on the work piece. If the
laser is attached to the tool, the marker is an inclined line when the tool is no longer in a strictly
horizontal position. This is as opposed to a straight line when the tool is in a strictly horizontal position.
The inclined line is a clear indication for the user of a prevailing deviation that should be corrected.

The swivel arm is preferably connected between the lens and a holding arm, which may be L-
shaped and which in turn is connected fo the tool and/or to the laser. The arm may be arranged on top
of the tool.

in order to help the lens to stay in the vertical position and to eliminate a certain sensitivity against
vibrations, the lens should be provided with a weight. The weight may be made out of a heavy metal,
such as iron or lead. It should be attached to the lower part of the lens.

The aforementioned device may be connected or attached o the tool at any suitable location. The
top of the tool was found to be particularly suitable.

The preferred application of the device is an electric power drill. The inclination determining device
should be attached to the top surface of the drill.

In order to obtain laser markers of larger curvature (winding) on the work piece in case of an
inclination, it is of advantage to use a lens which is not strictly cylindrical, but a lens whose diameter in
the middle section is different from that of an end portion.

The laser/lens combination including any desired additional components may be designed as a
take-off unit, which can be easily removed from the tool, e. g. by sliding.

A damping system for cancelling unwanted vibrations may be associated with the lens. Such a
system may contain silicon oil. It may also contain a tube that is rotatable about pivot plugs inserted
into the end portions thereof.

For an easy adjustment of the tool with respect to the horizontal plane, another preferred
embodiment is provided with additional components. Such embodiment comprises

a) an additional laser for emitting an additional laser beam, said additional laser being attachable

to said tool,

b) an additional lens being essentially of cylindrical configuration and

¢) attaching means for attaching said additional lens to said tool or to said additional laser.

In this embodiment, the laser and the additional laser may be firmly attached parallel to each other
on the tool. Since the additional laser should be firmly attached to the tool, it will generate a straight
laser marker on the work piece, no matter whether there is an inclination or not.

Alternatively, in this embodiment the lens and the laser may be suspended together by means of a
swivel arm. In this case, the laser will also generate a straight laser marker on the work piece. If there
is an inclination, both laser marker lines will have a gap in between. The tool can be oriented into a
straight horizontal position by closing the gap.

The additional components may have features as described already above.

Additional elements which are also of advantage are described in the subclaims.

Subsequently preferred embodiments of the invention will be described with reference to the
drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings

Fig. 1 is a side view of an electric drill having attached to its top a device for determining a deviation
in a vertical direction;

Fig. 2 is a sectional view along the line A-A in Fig. 1;

Fig. 3 is an enlarged perspective view of the afore-mentioned device, wherein the tool is in a strictly
horizontal position;

Fig. 4 is another embodiment of a lens which can be used in the device;

Fig. 5 is an illustration of three laser markers I, Il and 1l formed on a working piece, such as a wall:

Fig. 6 is a perspective view similar to that of Fig. 3;

Fig. 7 is a device having associated a damping system for damping unwanted movements of the
lens; ’

Fig. 8 is a first supplemented device having two lasers and two lenses for producing two laser
markers, wherein the drill is in a strictly horizontal position;

Fig. 9 is the device of Fig. 8, wherein the drill has experienced a deviation x;

Fig. 10 is the device of Fig. 8, wherein the drill has experienced a deviation y in the opposite
direction; and

Fig. 11 is a second supplemented device having two lenses and two lasers for producing straight

line laser markers, wherein the drill has experienced a deviation x from the horizontal position, as in

Fig. 9.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS A

According to Figs. 1 and 2, a conventional tool 2, in this case an electrical drill, should be held by a
user strictly in a horizontal position in order to perform a proper job. For this purpose the longitudinal
axis 4 of the attached drill bit 6 should be positioned exactly perpendicularly with respect to a vertically
arranged workpiece 8, such as a wall, in order to bore a hole into the workpiece 8. Any inclination x or
y from the true horizontal direction which is depicted as line 10 in Fig. 1 should be detected so that the
user of the tool 2 may perform a correction. For this purpose an inclination determining device 12 is
located on top of the tool 2 in the middle section thereof.

The tool 2 comprises a laser 14 for emitting a laser beam 16. In Figs. 1 and 2 the laser beam 16 is
shown to propagate along a strictly horizontal line 17 (located in the paper plane). The laser 14 is
connected to a base or support 18, which is firmly attached to the upper surface of the tool 2 in the
middle section thereof. The attachment is such that the laser beam 16 is parallel to the longitudinal
axis 4 of the drill bit 6, when inéerted into the drill. The tool 2 also comprises an optical lens 20 of (at
least essentially) cylindrical configuration or shape, which lens 20 is positioned at the front section of
the tool 2. The lens 20 may be made of a material such as glass or plastic. During operation the lens
20 is illuminated by the laser beam 16. A weight 22, e. g. made of iron or lead, is attached to the lower
end of the lens 20. And to the center of the upper end of the lens 20 there is attached a rigid swivel
arm 24 which may be a thin wire or any other suitable relatively thin means.
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The upper end of the swivel arm 24 is held attached to a swivel axis 25 which is arranged
perpendicularly with respect to the laser beam 16. The swivel axis 25 is formed at the end of the
longitudinal end portion of an L-shaped holding arm 26. The other end of the arm 26 is firmly attached
to the upper surface of the tool 2. Thus, the suspended lens 20 can freely swivel in a plane containing
the line 17. In other words: Even if there is an inclination x or y of the tool 2, the cylinder or main axis
28 of the lens 20 is kept vertically by means of the gravity force exercised on the lens 20 and on the
weight 22.

The effect of the optical lens 20 is that the beam is spread, as illustrated by the spreaded beam 16a
in Fig. 2.

There may be provided a compartment, case or housing (not illustrated) for jointly receiving the
laser 14, the lens 20 and the arm 26.

in Fig. 3 a portion of the device 12 is shown on an enlarged scale. If there is no inclination x or vy,
the spreaded beam 16a leaving the lens 20 will generate a laser marker | which is a straight line on
the work piece 8 k

Fig. 5 illustrates a front view of the work piece 8. As just mentioned, the straight line 1 is obtained
when the tool 2 and therefore the laser beam 16 is at an exact vertical position, i. e. when x =y =0. In
this case, the laser beam 16 is located on the true horizontal line 17. When, however, an inclination x,
that is a movement or tilting "down to up” of the tool 2 and therefore of the laser beam 16, has
occurred, the laser marker will assume the configuration of the curved line Ii. This is also shown in the
perspective view of Fig. 6. Correspondingly, when an inclination y has occurred, that is a movement of
the laser beam 16 “up to down”, the laser marker will assume the configuration of the curved line HI.
Line lll is bent in opposite direction as compared with line II. Therefore, the user of the tool 2 knows
whether he or she is working in the right direction, and — if necessary — the user can perform a
correction of the direction in order to obtain line 1.

Fig. 4 illustrates a lens 20 which is not of strictly cylindrical configuration, as in Fig. 3. This lens 20
has a first diameter at its central portion and a second diameter at both end portions. The first
diameter is smaller than the second diameter. Such a shape provides for stronger or more intensively
curved lines Il and Il than a strictly cylindrical shape of the lens 20. Therefore, it is easier for the user
to realize and to determine the degree of deviation x and y, respectively.

In Fig. 7 a damping system for damping oscillations of the lens 20 is shown. The lens 20 is
suspended from an arm 26 which is fixed to the tool 2 by means of a U-shaped frame 44. This
damping system 30 contains silicon oil 32 inside. In particular: The lens 20 is suspended by means of
a rigid connection or thin connection thread 34 the upper end of which is connected to the central
portion of a tube 36 containing the silicon oil 32. The lower end of the thin connection thread 34 is
connected to the center of the upper end of the cylindrical lens 20. On both its sides the tube 36 is
held by tubular end pieces 38, 40, which are aligned on the very same axis 42 and which extend
rotatably into the ends of the tube 36. For this purpose pivot plugs 39, 41 are provided which are
shown in dashed lines. The outer ends of the tubular end pieces 38, 40 are attached to the U-shaped
frame 44. Thus, the assembly 20, 34, 36 can jointly swivel around the axis 42, which is indicated by a
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double-arrow 43, if an inclination x or y occurs. The middie portion of the frame 44 is attached to the
arm 26.

The silicon oil 32 works as a low pass filter. It absorbs and damps all vibrations having a frequency
above about 2 Hz. Due to the force of gravity, the lens 20 can slowly move to a vertical position again
when an inclination x or y occurs. The negative effect of vibrations coming from the motor of the drill
and from the drill bit 6 is eliminated.

It should be noted that the device 12 may be supplemented with an additional laser 14s and an
additional cylindrical lens 20s. Such a supplemented device 12 is illustrated in Figs. 8 to 10.

The two lasers 14, 14s should be arranged close and parallel to each other. Both of them should be
firmly attached on the tool 2 during operation. If needed, they may be releasably connected to the tool
2. Each laser 14, 14s has its own cylindrical lens 20 and 20s, respectively, which will be illuminated by
the corresponding laser beam. The additional lens 20s is fixed to the additional laser 14s, e. g. by a
connection arm 46s. Alternatively, it may also be fixed to the first laser 14 or directly to the tool 2. In
other words, the entire assembly 20s, 46s and 14s is attached to the tool 2, No swivel arm is used for
suspension of the additional lens 20s. Therefore, the additional lens 20s moves together with the
additional laser 14s and with the tool 2, if an inclination x or y occurs. Thus, the laser beam coming
from the additional laser 14s impinges on the additional lens 20s always perpendicularly with regard to
its main lens axis.

The first lens 20 is suspended in the same way as in one of the previous embodiments, e. g. by
means of a rigid swivel arm 24. It is therefore freely rotatable around the axis 25, along with the arm
24, and it moves in a vertical direction x, y under the force of gravity so that its main axis 28 will
maintain its strictly vertical position.

When the tool 2 is perfectly oriented horizontally, the two laser markers 1, Is coming from the two
lenses 20 and 20s, respectively, are both straight. They are on the same line. in other words: The user
can only see one straight line. This is depicted in Fig. 8.

However, if the tool 2 has been moved up or down (tilting direction x or y), the user will see two
lines Is and Il or Is and Il as follows: The first line Is derived from the additional laser 14s and the
additional lens 20s has remained straight (see line Is in Figs. 9 and 10), because the additional lens
20s is fixed to the additional laser 20s and/or to the tool 2. The second line (coming from the first laser
14 and the first lens 20) becomes curved. Depending on the direction of inclination x or v, the second
line will now assume the configuration of the line Il (as depicted in Fig. 9) or of the line Il (as depicted
in Fig. 10). The second line I}, Il is now separated from the first line Is. In this way, such separation is
already an indication for the presence of an inclination. Thus, it is easy for the user to adjust the tool 2
to a perfect horizontal position. All the user has to do is to move the tool 2 up or down until the
separation disappears and the two lines Is and Il or the lines Is and Il overlap. Now the user will see
just one line, as depicted in Fig. 8.

In Fig. 11 another supplemented device 12 is illustrated. This device 12 is similar to the device 12 in
Figs. 8 to 10, yet it provides not a straight and a curved laser marker, but two straight laser markers |
an Is, which are arranged in a distance g on the work piece 8, if there is an inclination x or y. In Fig. 11
the x position is illustrated.
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According to Fig. 11, there is a first assembly comprising the laser 14, the lens 20 and an attaching
means, in particular a connection arm 46 in between. It must be noted that the laser 14 is not directly
attached or connected to the tool 2. The entire first assembly 14. 20, 46 is suspended by means of a
rigid swivel arm 50 from an L-shaped arm 26, which in turn is connected to the tool 2. By this
arrangement, the entire first assembly 14, 20, 46, 50 is freely tiltable about the axis 25 so that the
main axis 28 of the lens 20 will remain in a vertical position and the laser beam on a true horizontal
line 17 because of the force of gravity, no matter whether there is an inclination x, y or not.

There is also a second assembly, which comprises the additional laser 14s, the additional lens 20s
and the additional connection arm 46s in between. Here it must be noted that the additional laser14s
is directly attached or connected to the tool 2. Therefore, the entire second assembly 14s, 20s, 46s
moves together with the tool 2. Thus, the main axis 28s of the additional lens 20s is tilted, as shown,
when an inclination x occurs.

From the laser beams of both lasers 14, 14s laser markers | and Is, respectively, are formed on the
work piece 8. Both laser markers |, are straight lines. The laser marker | may be considered as the
reference line.

‘When the tool 2 is in a strictly horizontal position, i. e. when the main axes 28, 28s are positioned
vertically, both laser markers |, Is will be at the same level (g = 0), that is they will overlap.‘ But as soon
as the tool 2 is no longer in a horizontal position, the two lines I, Is will no longer overlap. The line |
coming from the first laser assembly 20, 46, 14 will remain horizontal, because the force of gravity will
keep the lens axis 28 in a vertical position. However, the line Is coming from the second laser
assembly 20s, 46s, 14s will follow the tool's inclination. Now, two different lines [, Is can be seen on
the vertical wall 8. The gap or distance g between these lines or markers |, Is is correlated to the
degree of inclination x, y. It is now very simple to adjust the tool 2 to a horizontal position. All that has
to be done by the user is to make the two lines |, Is overlap.

The device 12 described above is easy to handle, and it can be produced at relatively low cost.

LIST OF REFERENCE NUMERALS
2 tool

4 longitudinal axis

6 drill bit

8 workpiece

10 horizontal line

12 inclination determining device
14 laser

14s additional laser

16 laser beam

16a spreaded beam

17 true horizontal line

18 support

20 optical lens
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20s additional optical lens
22 weight
24 swivel arm
25 swivel axis
26 holding arm
28 main axis
30 damping system
32 silicon oil
34 thin connection thread
36 tube
38 tubular end piece
39 pivot plug
40 tubular end piece
41 pivot plug
42 axis
43 double-arrow
' 44 frame
46 connection arm

46s additional connection arm

50 swivel arm

l, Is straight laser marker lines

Il curved line

Il curved line

G gap, distance
x inclination

y inclination
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CLAIMS
1. A device (12) for determining the inclination (x, y) of a tool (2) from the true horizontal direction (10),
comprising
a) alens (20) being at least essentially of a cylindrical configuration, said lens (20) having a main
axis (28),
b) alaser (14) for emitting a laser beam (16) onto said lens (20), said laser (14) being attachable
to said tool (2), and
c) means (24, 26, 34, 46, 50) for associating said lens (20) with said tool (2) in such a way that
said main axis (28) of said lens (20) is kept vertically by gravity.
2. The device (12) according to claim 1, wherein said associating means (24, 26, 34, 46, 50)
comprises a swivel arm (24; 34, 50).
3. The device according to claim 2, wherein said swivel arm (24; 34, 50) is connected to a holding
arm (26), and wherein said holding arm (26) is connected to said tool (2).
4. The device (12) according to claim 3, wherein said arm (26) is arranged above said tool (2) when
said tool (2) is held in a working position and pdints in a harizontal direction (10).
5. The device (12) according to one of the claims 1 to 4, wherein a weight (22) is attached to said lens
(20). .
6. The device (12) according to one of the claims 1 to 5, wherein said device (12) is firmly connected
to said tool (2), preferably to the top thereof.
7. The device (12) according to one of the claims 1 to 6, further comprising a housing for receiving
said laser (14) and said lens (20).
8. The device (12) according to one of the claims 1 to 7, wherein said laser (14) is connected to a
base (18) which is attached to said tool (2).
9. The device (12) according to one of the claims 1 to 8, wherein said tool (2) is a drill.
10. The device (12) according to one of the claims 1 to 9, wherein the material of said lens (20) is a
glass or a plastic material.
11. The device (12) according to one of the claims 1 to 10, wherein the diameter of said lens (20) is
approximately equal to the width of said laser beam (16).
12. The device (12) according to claim 11, wherein the diameter of said lens (20) is in the region of 1
to 2 mm.
13. The device (12) according to one of the claims 1 to 12, wherein said lens (20) has a first diameter
in its central portion and a second diameter in at least one of its end portions, and wherein said first
diameter is different from said second diameter.
14. The device (12) according to one of the claims 1 to 13, wherein a damping system (30) is
associated with said lens (20).
15. The device (12) according to one of the claims 1 to 14, wherein said thread (24, 34) is directly
connected to said lens (20).
16. The device (12) according to one of the claims 1 to 15, further comprising
a) an additional laser (14s) for emitting an additional laser beam, said additional laser (14s) being
attacﬁable to said tool (2),
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b) an additional lens (20s) being essentially of cylindrical configuration and
c) attaching means (46s) for attaching said additional lens (20s) to said tool (2) or to said
additional laser (14s).

17. The device (12) according to claim 16, wherein said attaching means (46s) is a connecting arm.
18. The device (12) according to claim 16 or 17, wherein said laser (14) and said additional laser (14a)
are attached in parallel to each other on said too! (2).
19. The device (12) according to claim 16, 17 or 18, wherein a connecting arm (46) is provided for
connecting said lens (20) to said laser (14), wherein said lens (20), said laser (14) and said connecting
arm (46) form an first assembly, and wherein a swivel arm (50) is connected to said assembly (14, 20,
46).
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