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(57) Abstract: The invention relates to a device for driving a fastening element into a substratum, said device comprising a
mechanical energy store for storing mechanical energy, an energy transfer apparatus for transferring energy from an electrical energy
source to the mechanical energy store, and an electronic control apparatus, which is supplied with electrical energy by the electrical
energy source and is suitable for initiating an energy withdrawal process when the supply of energy to the control apparatus by the
electrical energy source is interrupted. In the energy withdrawal process, energy possibly stored in the mechanical energy store is
converted into electrical energy and fed to the control apparatus in order to supply the control apparatus.

(57) Zusammenfassung:

[Fortsetzung auf der ndchsten Seite]
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Vorrichtung zum Eintreiben eines Befestigungselementes in einen Untergrund, aufweisend einen mechanischen Energiespeicher
zur Speicherung von mechanischer Energie, eine Energieiibertragungseinrichtung zur Ubertragung von Energie aus einer
elektrischen Energiequelle auf den mechanischen Energiespeicher, und eine von der elektrischen Energiequelle mit elektrischer
Energie versorgte elektronische Steuereinrichtung, welche dazu geeignet ist, im Falle einer Unterbrechung der Energieversorgung
der Steuereinrichtung durch die elektrische Energiequelle einen Energieentnahmevorgang einzuleiten, bei dem in dem
mechanischen Energiespeicher gegebenenfalls gespeicherte Energie in elektrische Energie umgewandelt und der
Steuereinrichtung zu deren Versorgung zugetiihrt wird.
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DRIVING-IN DEVICE AND METHOD FOR USING A DRIVING-IN DEVICE

TECHNICAL FIELD

[0001] The application relates to a device for driving a fastening element into an underlying
surface and to a method for using such a device.

PRIOR ART

[0002] Any discussion of the prior art throughout the specification should in no way be
considered as an admission that such prior art is widely known or forms part of common general

knowledge in the field.

[0003] Such devices typically comprise a piston for transmitting energy to the fastening
element. The required energy must be provided in a very short time, which is why in so-called
spring nailers, for example, a spring abruptly transmits the tensioning energy during the driving
process to the piston and accelerates the latter toward the fastening element. The spring is cocked
for this purpose with a cocking mechanism, which is in turn supplied by a battery.

[0004] WO 2011/157775 A2 describes a driving-in device in which such a spring is
automatically uncocked as soon as a user has let go of the driving-in device. The energy is drawn
down by a motor or fed back to the battery.

[0005] If the battery is inadvertently removed from such a fastener driving device while the
spring is cocked, however, the automatic uncocking process cannot be controlled due to the
interruption of the power supply.

DESCRIPTION

[0006] Unless the context clearly requires otherwise, throughout the description and the
claims, the words “comprise”, “comprising”, and the like are to be construed in an inclusive
sense as opposed to an exclusive or exhaustive sense; that is to say, in the sense of “including,

but not limited to”.

[0007] According to one aspect of the invention, a device for driving a fastening element into
an underlying surface, the device having a mechanical energy store for storing mechanical
energy, an energy transfer apparatus for transferring energy from an electrical energy source to
the mechanical energy store, and an electronic control apparatus supplied with electrical energy
by the energy source, the electronic control apparatus being suitable to initiate an energy
withdrawal process if the energy supply for the control apparatus from the electrical energy
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source is interrupted, in which process the energy stored in the mechanical energy store is
converted into electrical energy and fed to the control apparatus as a power supply. Thereby the
control apparatus is capable of controlling the energy withdrawal process despite the interrupted

energy supply.

[0008] The device preferably comprises a generator, with which the energy stored in the
mechanical energy store can be converted into electrical energy and supplied to the control
apparatus.

[0009] According to one aspect of the invention, the device is characterized in that the

energy transfer apparatus comprises an electric motor, with which the energy stored in the

mechanical energy store can be converted into electrical energy and supplied to the control
apparatus. An additional generator is therefore not necessary.

[0010] According to one aspect of the invention, the invention is characterized by an
electronic circuit for regulating, preferably increasing, the electrical voltage of the energy
withdrawn from the mechanical energy store and converted into electrical energy. The electronic
circuit preferably comprises a step-up converter for increasing the electrical voltage of the
energy withdrawn from the mechanical energy store and converted into electrical energy.
According to one embodiment, the step-up converter comprises an inductor, a switching element,
preferably a field-effect transistor, and a storage capacitor. The transfer apparatus, preferably the
electric motor, especially preferably comprises an inductor of the step-up converter.

[0011] According to one aspect of the invention, the invention is characterized by an
electronic circuit for regulating, preferably increasing, the electrical voltage of the energy
withdrawn from the mechanical energy store and converted into electrical energy. The electronic
circuit preferably comprises a step-up converter for increasing the electrical voltage of the
energy withdrawn from the mechanical energy store and converted into electrical energy.
According to one embodiment, the step-up converter comprises an inductor, a switching element,
preferably a field-effect transistor, and a storage capacitor. The transfer apparatus, preferably the
electric motor, especially preferably comprises an inductor of the step-up converter.

[0012] According to one aspect of the invention, in a method for using a device for driving a
fastening element into an underlying surface, the device having a mechanical energy store for
storing mechanical energy, an energy transfer apparatus for transferring energy from an electrical
energy source to the mechanical energy store, and an electronic control apparatus supplied with
electrical energy from the energy source, an energy withdrawal process is initiated if the energy
supply for the control apparatus from the electrical energy source is interrupted, in which process
the energy stored in the mechanical energy store is converted into electrical energy and fed to the
control apparatus as a power supply.
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[0013] According to one aspect of the invention, the method is characterized in that, if the
supply of energy by the energy source is interrupted, the control apparatus controls the energy
withdrawal process.

[0014] According to one aspect of the application, a device for driving a fastening element
into an underlying surface comprises an energy transmission element for transmitting energy
from the mechanical energy store to the fastening element. The energy transmission element can
preferably be moved in the direction of a setting axis between an initial position and a setting
position, the energy transmission element being situated in the initial position before the driving
process and in the setting position after the driving process. Setting direction will be understood
hereinafter as the direction from the initial position to the setting position.

[0015] According to one aspect of the application, the energy transfer apparatus is suitable
for conveying the energy transmission element from the setting position to the starting position.
The electrical energy source is preferably a single-use battery or a rechargeable battery. The
device preferably comprises the energy source.

[0016] According to one aspect of the application, the energy transfer apparatus is suitable
for conveying the energy transmission element from the setting position in the direction of the
initial position without transferring energy to the mechanical energy store. This makes it possible
for the mechanical energy store to absorb or discharge energy without moving the energy
transmission element into the setting position. The energy store can thus be discharged without a
fastening element being driven out of the device.

[0017] According to one aspect of the application, the energy transfer apparatus is suitable
for transferring energy to the mechanical energy store without moving the energy transmission
element.

[0018] The control apparatus preferably supplies the motor with power via a first electrical
line in commuted phases.

[0019] According to one aspect of the application, the energy transfer apparatus comprises a
motor with a motor output which is uninterruptibly force-coupled to the mechanical energy store.
Movement of the motor output causes charging or discharging of the energy store and vice versa.
The flow of force between the motor output and the mechanical energy store preferably cannot
be interrupted, by means of a clutch for instance.

[0020] According to one aspect of the application, the device comprises a safety mechanism,
by which the electrical energy source is or can be coupled to the device in such a manner that the
mechanical energy store is automatically uncocked if the electrical energy store is disconnected
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from the device. Energy stored in the mechanical energy store is preferably drawn down in a
controlled manner.

[0021] According to one aspect of the application, the device comprises a retaining
apparatus, which retains the stored energy in the mechanical energy store and enables a
discharging of the mechanical energy store if the electrical energy source is disconnected from
the device.

[0022] According to one aspect of the application, the safety mechanism comprises an
electromechanical actuator that automatically unlocks a blocking apparatus if the electrical
energy source is disconnected from the device.

[0023] According to one aspect of the application, the device comprises a coupling and/or
braking apparatus for drawing down the energy stored in the mechanical energy store in a
controlled manner.

[0024] According to one aspect of the application, the safety mechanism comprises at least
one safety switch. which short-circuits phases of the electric drive motor in order to draw down
the energy stored in the mechanical energy store in a controlled manner when the mechanical
energy store is discharged. The safety switch is preferably constructed as a normally closed
electronic switch, preferably as a JFET.

[0025] According to one aspect of the application, the motor comprises three phases and is
driven via a 3-phase motor bridge circuit with free-wheeling diodes, which rectify the voltage
generated during discharging of the mechanical energy store.

EMBODIMENTS

[0026] Embodiments of a device for driving fastener elements into an underlying surface will
be described in detail below using examples, with reference to the drawings. In the drawing:

[0027] Figure 1 shows a side view of a driving-in device,
[0028] Figure 2 shows a structural diagram of a driving-in device,
[0029] Figure 3 shows a circuit diagram of a step-up converter, and

[0030] Figure 4 shows a circuit diagram of an arrangement having a motor and step-up
converter.

[0031] In a side view, Figure 1 shows a driving-in device 10 for driving a fastening element
such as a nail or bolt into an underlying surface. The driving-in device 10 has an energy
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transmission element, not shown, for transmitting energy to the fastening element, as well as a
housing 20 that houses the energy transmission element and a drive unit, likewise not shown, for
conveying the energy transmission element.

[0032] The driving-in device 10 further comprises a handle 30, a magazine 40 and a bridge
50 connecting the handle 30 to the magazine 40. The magazine is not removable. An energy
store configured as a rechargeable battery 590 and a scaffold hook 60 for suspending the driving-
in device 10 on a scaffold or the like are mounted on the bridge 50. A trigger 34 and a handle
sensor configured as a manual switch 35 are arranged on the handle 30. The driving-in device 10
further comprises a guide channel 700 for guiding the fastening element and a pressing apparatus
750 for recognizing a distance of the driving-in device 10 from an underlying surface, not
shown. Alignment of the driving-in device perpendicular to an underlying surface is assisted by
an alignment aid 45.

[0033] Figure 2 shows a schematic view of a driving-in device 10 according to the invention.
The driving-in device 10 comprises a housing 20, in which a piston 100, a coupling apparatus
150 held closed by a retaining element constructed as a pawl 800, a spring 200 having a front
spring element 210 and a rear spring element 220, a roller train 260 having a force deflector
constructed as a belt 270, a front roller mount 281 and a rear roller mount 282, a spindle drive
300 having a spindle 310 and a spindle nut 320, a gear unit 400, a motor 480, and a control
apparatus 500 are housed. In one embodiment, not shown, the force deflector is constructed as a
cable.

[0034] The driving-in device 10 further comprises a guide channel 700 for a fastening
element and a pressing apparatus 750. The housing further 20 comprises a handle 30 on which a
manual switch 35 is arranged.

[0035] The control apparatus 500 communicates with the manual switch 35 and with a
plurality of sensors 990, 992, 994, 996, 998 in order to detect the operating status of the driving-
in device 10. The sensors 990, 992, 994, 996, 998 each have a Hall probe, which detects the
movement of a magnet armature, not shown, which is arranged on, more particularly fastened to,
the respective element to be detected.

[0036] A forward movement of the pressing apparatus 750 is detected with guide channel
sensor 990, which detects that the guide channel 700 has been removed from the driving-in
device 10. The pressing sensor 992 detects a movement of the pressing apparatus 750 to the rear,
which indicates that the driving-in device 10 is pressed against an underlying surface. The roller
mount sensor detects a movement of the front roller mount 281, which indicates whether the
spring 200 has been cocked. The pawl sensor 996 detects a movement of the pawl 800, which
indicates whether the coupling apparatus 150 is held in its closed state. Finally, the spindle
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sensor 998 detects whether the spindle nut 320, or a return rod fixed to the spindle nut 320, is in
the furthest-back position.

[0037] In addition, a bolt guide sensor preferably supplies the information regarding whether
the bolt guide has been attached to the nose of the tool or has been removed. A trigger sensor
preferably supplies the information regarding whether the trigger has been pulled. A piston
sensor preferably supplies the information regarding whether the energy transmission element is
in its initial position or in the setting position. A belt sensor preferably supplies the information
regarding whether the force transmission element is in a cocked or uncocked position. Hall
sensors, inductive sensors or switches, capacitive sensors or switches, or mechanical switches
can be used as sensors. The driving tool preferably has a flexible circuit board on which some or
all sensors are mounted and via which the sensors are connected to the control apparatus. This
facilitates installation of the sensors during production of the driving tool.

[0038] The control apparatus preferably comprises a processor, especially preferably a
microprocessor, for processing the sensor signals and/or other data, particularly information
regarding amperages, voltages and the temperature of the electronics. A sensor board preferably
processes the sensor signals, particularly those of the spindle sensor, the roller mount sensor, the
pawl sensor, the bolt guide sensor or the pressing sensor. A motor control apparatus preferably
processes the signal for the motor commutation. The battery controller arranged in the battery
preferably processes information regarding the temperature, the type, the charge state and any
malfunctions that have occurred in the battery.

[0039] The control apparatus additionally processes the temperature of the motor, the
electronics, the ambient air and/or the battery, wherein the signal for the battery temperature can
also be used by battery electronics inside the battery in order to identify a battery fault. In
addition, the control apparatus preferably processes the amperage drawn from the battery, the
amperage of individual commutated phases, the voltage at the battery contacts, the voltage at the
DC link of a power bridge, the voltage at individual components, especially sensors, and/or the
rotational speed of the motor, wherein the rotational speed of the motor is detected based on the
switched commutation steps, a mutual induction, or by means of position sensors and/or switches
in the motor, for example. The control apparatus preferably communicates with a battery
controller in the battery. In particular, information is exchanged such as a power requirement, a
number of cycles worked with the battery in use, a charge state, the model, the maximum
amperage or the maximum voltage of a respective battery.

[0040] In order to make an optimized cocking process possible, even for different battery
states and batteries, the power for the motor is preferably controlled based on the voltage present
at the battery contacts and/or the DC link. The full power is applied to the motor until the voltage
has dropped to a defined value, for example 12 V. If this value is reached, the controller reduces
the power and continues to control to this voltage value. To keep the current to the motor from
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becoming too high in case of a high-powered battery, a current limiting regulator is also used,
which ensures that a predetermined amperage is not exceeded. The tool operating process can be
ensured and optimized with these control systems even despite differing battery power. These
parameters can be adjusted by the controller to different types of batteries and conditions.

[0041] The control apparatus of the driving-in device 10 is suitable for initiating an energy
withdrawal process if the energy supply for the control apparatus by the electrical energy source
has been interrupted, i.e. if a user inadvertently removes the battery from the driving-in device
10, for example. In the energy withdrawal process, energy that is possibly stored in the
mechanical energy store is converted with the aid of the electric motor into electrical energy. The
electric motor operates in that case as a generator, the electrical energy of which is fed to the
control apparatus for supplying power. Thereby the control apparatus is capable of controlling
the energy withdrawal process despite the interrupted energy supply.

[0042] With the aid of the step-up converter circuit 1 schematically shown in Figure 3, for
example, the electrical voltage is controlled for this purpose, more particularly increased, to a
value that can be used for controlling. The step-up converter 1 comprises an inductor L, a
switching element S that has a field-effect transistor, and a storage capacitor C. In this way, an
output voltage that is higher than an input voltage V can be generated at the storage capacitor C.
A current I flows in the direction of the arrow.

[0043] An arrangement 2 having a motor and a step-up converter is schematically shown in
Figure 4. In the arrangement. 2, a motor winding L is used as the inductor, a switching bridge Sy,
Si. as the switching element, and a buffer capacitor C as the storage capacitor for the step-up
converter, so that no additional electronic components are required for providing the step-up
converter. If the motor is driven as a generator, the desired behavior of the step-up converter
circuit 2 can be generated by suitable driving of the field-effect transistors of the switching
bridge Su, Si.. A generator operation of the motor without stepping up the voltage can also be
achieved, if desired, by suitable driving of the field-effect transistors of the switching bridge S,
Si. It is possible to control the voltage at the buffer capacitor C to any desired values by selecting
the desired mode.

[0044] The control apparatus detects the loss of the battery if removed. By suitable driving of
the motor, the supply voltage of the control apparatus can be maintained with the aid of the
invention and optionally regulated to a constant value, whereby secure operation of the control
apparatus is guaranteed as long as energy is present in the mechanical energy store. It is
additionally possible to control the speed of the energy withdrawal process in such a manner that
the supply voltage of the control apparatus does not break down.
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CLAIM(S):

1. Device for driving a fastening element into an underlying surface, the device having a
mechanical energy store for storing mechanical energy, an energy transfer apparatus for
transferring energy from an electrical energy source to the mechanical energy store, and an
electronic control apparatus supplied with electrical energy from the energy source, the
electronic control apparatus being suitable to initiate an energy withdrawal process if the energy
supply for the control apparatus from the electrical energy source is interrupted, in which process
the energy stored in the mechanical energy store is converted into electrical energy and fed to the
control apparatus as a power supply.

2. Device according to Claim 1, further comprising a generator, with which the energy stored in
the mechanical energy store can be converted into electrical energy and supplied to the control
apparatus.

3. Device according to one of the preceding claims, wherein the energy transfer apparatus
comprises an electric motor, with which the energy stored in the mechanical energy store can be
converted into electrical energy and supplied to the control apparatus.

4. Device according to one of the preceding claims, further comprising an electronic circuit for
regulating, in particular increasing, the electrical voltage of the energy withdrawn from the
mechanical energy store and converted into electrical energy.

5. Device according to Claim 4, wherein the electronic circuit comprises a step-up converter for
increasing the electrical voltage of the energy withdrawn from the mechanical energy store and
converted into electrical energy.

6. Device according to Claim 5, wherein the transferring apparatus, in particular an electric
motor, comprises an inductor of the step-up converter.

7. Device according to one of the preceding claims, further comprising an energy transmission
element that can be moved between an initial position and a setting position for transmitting
energy to the fastening element.

8. Device according to one of the preceding claims wherein the mechanical energy store
comprises a spring, more particularly a helical spring.

9. Method for using a device for driving a fastening element into an underlying surface, the
device having a mechanical energy store for storing mechanical energy, an energy transfer
apparatus for transferring energy from an electrical energy source to the mechanical energy store,
and an electronic control apparatus supplied with electrical energy by the energy source, wherein
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the method initiates an energy withdrawal process if the energy supply for the control apparatus
from the electrical energy source is interrupted, in which process the energy stored in the
mechanical energy store is converted into electrical energy and fed to the control apparatus as a
power supply.

10. Method according to Claim 9, wherein the control apparatus controls the energy withdrawal
process in the event of an interrupted energy supply by the electrical energy source.
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