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(57) Abréegée/Abstract:

This invention relates to controlling a tool for driving fastening elements through firing a fuel. A valve, upon each shot, opens via a
current (l,) In a component (15) created by a voltage injection control (U ). Upon the first one of a series of shots and after the

control, the time to Is detected of a drop of current in a measuring member upon the transient rise of current and, the opening
period T _ of the valve being predetermined, the end of the injection control is triggered at the time t,, after a period T, following the

time t_, reduced with a period T _, of afirst rise of the voltage injection control following the beginning of the drop of current or a rise,
following the beginning of its drop, of the current.
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ABSTRACT

This invention relates to controlling a tool for
driving fastening elements through firing a fuel. A
valve, upon each shot, opens via a current (Ip) 1n a
component (15) created by a voltage 1njection control
(Uy) . Upon the first one of a series of shots and
after the control, the time t, is detected of a drop
of current in a measuring member upon the transient
rise of current and, the opening period T, of the
valve being predetermined, the end of the injection
control 1s triggered at the time tg4, after a period
T,, following the time t,, reduced with a period T,
of a first rise of the voltage 1injection control
following the beginning of the drop of current or a

rise, following the beginning of its drop, of the

current.
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A method for controlling an internal combustion engine

tool and the thus controlled tool

The invention has its origin in the problem

of the responses to the control 1impulsions from

solenoid valves for injecting and dosing the driving
fuel 1in the combustion chamber of the 1internal

combustion engine of so-called gas-driven fastening

tools arranged for driving fastening elements of the
nail or staple type in supporting materials.

Such a solenoid valve acts as a tap, beilng
arranged between a fuel cartridge and the combustion
chamber, being opened for some time so that an
appropriate fuel dose flows from the cartridge into
the combustion chamber.

Schematically, a solenoid valve could
comprise a magnetic core perforated with a flowilng
channel extending between an intake mouthpiece and an
ejection mouthpiece, with an intermediary cavity
wherein a spring membrane is located, carrying a valve
for the ejection mouthpiece being distorted under the
action of a magnetic field created 1n the core by a
current crossing a core surrounding coil. At rest, the
membrane 1s not distorted and the valve thereof plugs
the ejection mouthpiece. When the coil 1is switched on
and crossed by a current, the membrane becomes
distorted and the wvalve thereof uncovers the flowlng
hole of the ejection mouthpiece; then the solenoid
valve opens.

Controlling a solenoid wvalve, that 1is
controlling the opening thereof, occurs through a

voltage slot intended, by 1its ascending front edge, to
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2
open the solenoid valve and close 1t wvia 1its
descending front edge. Practically (Figs. 1 and 2) the
current starts to be established 1n the coil, at the
time tp, at the ascending front edge of the
controlling slot, for progressively 1ncreasing upon a

transient rise during which the core remains at rest.

Only after a small current  drop, practically
instantaneous, at a time t,, does the core reach 1its
activated state, from which the solenoid wvalve 1is
considered as being opened. After such a current drop,
the value of the current increases so as 1';0 rapidly
reach 1its high level where 1t 1s kept wuntil the
descending front edge of the control voltage slot, at
the time tgq. The solenoid valve still remains opened
beyond that, as the descending front edge of the
voltage slot 1s followed by an increased voltage up to
its neutral level; in two times, separated by a small
drop ending at the time t¢f, where the solenoid valve
is closed, 1f the discharge of the <c¢o1il of the

solenoid valve is stabilized by a circult comprising a

Zener diode. Otherwise, the current signal 1n the co1il
is subjected, at the time t¢f, to a small rise after
the beginning of 1ts drop. The solenoid valve thus

remains opened durilng the period T,

To: tf - to

Finally, the ascending and descending front
edges of the voltage control slot occur at times tg
and tgq and the solenoid valve remains opened from the
time t, to the time te¢. As fuel dosing 1n the
combustion chamber of the tool depends on the opening

time of the solenoid wvalve and thus also on the time
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intervals Toy = to - tp and Torr = t¢ — t4, the problem
lying at the origin of the invention of the present
application is the scattering of the intervals Toy and
Torr varying from one solenoid valve to the other, for
both electric as well as mechanical reasons.

Otherwise stated, the Applicant ralsed the

problem of compensating the opening time drift for the
solenoid wvalves and thus, keeping under control fuel
doses 1n the combustion chamber of so-called gas-
driven fastening tools. Furthermore, the Applicant
ralsed the more general problem of the electrical
device drift for feeding £fuel into the combustion
chamber of gas-driven fastening tools, such devices
comprising a valve opening under the action of a
current 1n a component created by a voltage control

signal. This is indeed  the case still of a

plezoelectric 1njecting device. It should be noticed
that the quartz of a piezoelectric 1injecting device 1is
for the 1njecting device what the coil 1s for the

solenoilid valve.

Thus, first of all the invention relates to
a control method for an 1internal combustion engine
hand tool, for driving, 1in a supporting medium,

fastening elements under the action, upon a shot, of

firing, 1in a combustion chamber of the engine, a

driving fuel transferred into the chamber from a fuel
cartridge through a fuel intake electrical device (1),
the device (1) comprising a valve which, upon each
shot opens 1n an intake position, under the action of
a current (Ia) 1n a component created by a voltage
injection control signal (Uy}, & method characterized
in that, during a first of a series of shots and after

the beginning of the control signal, there is detected
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the time t, of a current drop upon the transient
current rise, and, the opening period To of the wvalve
being predetermined, the end of the 1njection control
signal 1s triggered at the time ty, after a period T,
following the time t,, reduced with an estimated
period Teorr, ©0f a first rise of the voltage injection
control signal following the beginning of the current
signal drop in said component or a rise, following the

beginning of the <current signal drop in said

component.

Depending on whether the discharge of the
colil of the solenoid valve - the component the current
of which opens the valve - 1s stabilized or not by a

voltage controlling circuit comprising for example a
Zener diode, the period Torr starts at the time tgq and
ends either wupon the first rise o0of the voltage
injection control signal, or at the small rise of the
current signal in the coil following the drop thereof.

In the first case of the voltage
stabilisation, as perfectly described 1n the French
patent 2,887,958, if it 1is a Zener diode, which
becomes passing as soon as its threshold voltage 1is
reached, it causes a rapid discharge of the coil and a
rapid rise of the voltage control signal: the period
Torr 15 short and practically constant from one shot to

the other. The scattering of Topr 15 Vvery weak.

Instead of a Zener diode, a plurality of

control diodes could be proposed.

In contrast, in the second case, with no

stabilisation Zener diode, the voltage control signal

rises very slowly. At the time t¢f of the closing
contact, the valve closes, resulting 1n a slight rise

of the current 1n the coil.
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It 1s to be understood that practically, the
response time of the wvalve for the fuel 1intake
electric devices does not significantly change from
one shot to another, so that 1t 1s indeed sufficient
to only implement the control method of this invention
from time to time and not upon every shot, although
this would also be possible. It is still to be noticed
that the period of the small voltage drop following
the first rise, in the case of the stabilisation by a
Zener diode, could be considered as negligible.

In the case where the discharge of the

component, from the fuel 1intake electric device and
the current of which opens the valve, 1s stabilised,
the end of the injection control signal 1s triggered
at the time t4, after a period T, following the time
t,, reduced with a practically constant period Tepr Of
a first rise of the voltage injection control signal.

If the discharge of component, from the fuel
intake electric device and the current of which opens
the valve, 1s not stabilised, the end of the injection
control signal 1s triggered at the time tg4, after a
period T, following the time t,, reduced with an
estimated period Torr, ©f a rise, following the
beginning of the drop therecf, of the current signal
1n said component.

In such a case, the true period Terr 0f the
current signal rise 1in said component following the
beginning of the drop thereof is measured at the time
tq and 1s substituted for the estimated period Terr at
least for the following shot following the serilies of
shots.

The voltage injection control signal U, 1s a

slot; the control signal may be the envelope of a
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series of pulses, including of a generator PWM (pulse
width modulation).

By means of this invention, modifications,
alternatives and other alterations of the solenoid
valves and plezoelectric injectors are well
compensated. The injection and dosage openings thereof
are optimized.

This invention also relates to an 1internal
combustion engine hand tool, for driving 1In a
supporting material fastening elements under the
action, upon a shot, of the firing, in a combustion
chamber of the engine, of a driving fuel transferred
in the chamber from a cartridge of fuel by a fuel
intake electric device, the device comprising a valve

which, upon each shot, opens in the intake position

under the action of a current (Ia) 1n a component
created by a voltage injection control signal (Uy),
said tool being characterized 1in that 1t further
comprises a current measurement member in series with
the fuel intake electric device and a microcontroller
arranged for receiving the outlet signal of the
current measurement member and the injection control
signal (Uy) of the intake device and computing the
opening time of the fuel intake device.

Preferably, the microcontroller comprises a
processing circuit for detecting the mechanical
opening and closing of the intake electric device.

Advantageously, the fuel intake device 1s
controlled by a power stage controlled by a circult 1n
the microcontroller for computing the opening time of
the intake device and connected, at the input, to the

processing circuit of the microcontroller.
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In the case where the fuel intake device 1is
a solenoid wvalve, comprising a c¢oil, the current
measurement member 1s in series with the coil.

Advantageously, there is provided a voltage
protecting and controlling and stabilizing circuit in
parallel on the intake device, this could comprise a
discharge diode and a voltage control Zener diode,
both able to be serially mounted.

This 1invention wil1ll be better understood
reading the following description of the
implementation of the control method and the preferred
embodiment of the hand tool of this invention,
referring to the appended drawing wherein:

- Fig. 1 1s the diagram of a voltage control
slot for opening the valve of the fuel 1ntake device

in the combustion chamber of the hand tool and the

diagram of the resulting current signal 1n the
component directly controlling the valve, the
discharge of such a component being stabilised by a

Zener diode;

- Fig. 2 1s the diagram of a voltage control

-

slot

for opening the valve of the fuel intake device
in the combustion chamber of the hand tool and the
diagram of the resulting current signal 1in the
component directly controlling the valve, the
discharge of such a component being not stabilised;

- Fig. 3 shows the block diagram of the

control circuit of the fuel intake device of the tool;

and

- Fig. 4 1s the diagram of a voltage control
slot for opening the valve of the fuel intake device

in the combustion chamber of the hand tool and the
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diagram of the resulting pressure signal in a pressure
sensor 1n the outlet of the fuel 1intake device.

Fig. 1 has already been described hereln
above. It should only be stated here that on the two
diagrams being represented thereon, that of the
voltage impulsion and that of the current impulsion,
the time is represented thereon in abscissa 1n seconds
(s) and in ordinate, the current I 1s represented
thereon in amperes (A), on the left, for the current
impulsion I, the voltage U is represented thereon 1in
volts (V), on the right, for the voltage impulsion Us.

The tool, the control circuit of which will
be described of the fuel intake electric device in the
combustion chamber and thus the method for its control
is a hand tool of the nailing device type, with a fuel
intake solenoid valve 1, comprising a coil 15 causing
the opening of the solenoid valve and the intake 1into
the combustion chamber of the tool from a gas
cartridge 16 through an intake manifold 17.

It should be noticed that the invention also
applies to a stapler, a driller, or even to an
anchoring resin injecting device. This 1nvention
applies to a solenoid wvalve but also to any other
intake device comprising an intake valve, such as for
example a piezoelectric injecting device.,

To take again the example of the solenoid
valve 1, it 1s thus controlled by a microcontroller 2.
It is mounted serially, in this particular case, 1its
coil 15, with a current measurement member 3 and
controlled in voltage by a power stage 4.

The power stage 4 1s mounted, at the outlet,
in parallel on the serial assembly of the solenoid

valve 1 and the current measurement member 3, across
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the battery (5, 6) of the tool at the input. It is to

be noticed that the terminal & of the battery 1is
earthed. A voltage protecting and controlling circuit
/7 1s mounted 1in parallel on the assembly 1, 3 as well
as on the power stage 4. The power stage 4 1s here a
power transistor stage. The circuit 7 comprises here a
protecting diode 18 for the power stage 4, wherein the
coil 15 can discharge, and, here still, a voltage
controlling Zener diode 19, 1n series with the
discharge diode 18 so0o as to reduce the discharge
period and well stabilize 1it. Such an assembly 1is
perfectly described 1n French patent 2,887,958. The
current measurement member 3 essentially comprlses a
resistor. The microcontroller 2 comprises an analog-
digital converter 8, a signal processing circult 9 and

a computation circuit 10 for calculating the opening

time of the solenoid valve 1.

The computation circuit 10 is connected, at
the outlet, to the control input 13 of the power stage
4, and, at the input, to the processing circult (9).

The current measurement member 3, delivering a current

signal, 1s connected to one 11 of the i1nputs of the
converter 8, another input 12 of the converter being
connected to the contrcl outlet 14 of the power stage
4 delivering a voltage signal.

After conversion of the current wvalues IA
and of the voltage wvalues U,, the processing circuit 9
determines, upon each shot, the time t, and the
resulting time tg4, knowing T, and having upon the
first shot, or the first one of a series, determined
the ©practically constant wvalue of ToFr. If the
circulit 7 did not comprise any Zener diode, the

processing circulit 9, upon each shot or, even better,
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upon each shot of a series of shots, would have
measured the true period Torr fOor the following shot.
Otherwise stated, the processing circuit 9,
would detect the mechanical opening and closing of the
» solenoid valve 1 at the times t, and t¢. As far as the
computation circuit 10 is concerned, it would
calculate for the time tg o0f triggering of the
descending front edge of the control impulsion of the
power stage 4 using the formula:

10

g = To + To - TOFF

Alternatively, and within the context of a

strictly similar identical concept, for apprehending

15 the time t,, from which the solenoid valve should be
considered as opened, the time t¢, when the solenoid
closes, and the time t4g when the end of the injection
control signal should be triggered, one could
implement, no longer with the current/voltage signals,

20 but with the signals as being delivered by a pressure
sensor at the outlet of the intake device detecting

fuel output.

In the case of a pressure sensor 20 mounted
in the manifold 17 (Figs. 3, 4), at the time t,, the
25 pressure increases since the valve of the solenoid
valve 1 opens and at the time tf, the pressure starts

to decrease as the solenoid valve closes.
Thus, this 1nvention also relates to a
method for controlling an internal combustion engine

30 hand tool, for driving in a supporting material

1]

fastening elements under the action, upon a shot, o1

the firing, in a combustion chamber of the engine, of

a driving fuel transferred in the chamber from a fuel
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cartridge by a fuel intake electric device, the device
comprising a valve which, upon each shot opens 1n an
intake position, under the action of a current (Ia) in
a component created by a voltage 1njection control
signal (Uy), and a pressure sensor being mounted at
the outlet of the 1ntake device, said method being
characterized in that, upon the first one of a series

of shots and after the beglinning of the control

signal, the time t, is detected of the opening of the
valve detecting the opening thereof through a rise of
the pressure in the outlet of the intake device, and,
the opening period To of the valve being
predetermined, the end of the signal of the injection

control 1is detected, at the time t4, after a period

T, following the time t,, reduced with an estimated
period Teorr, elapsing from the end of the injection
control signal until the time ts
of closing of the valve being detected by a pressure
decrease at the outlet of the intake device, the true
period Torr ©0f the pressure drop following the
beginning of the current drop (ty) 1s measured and 1is

substituted for the estimated period Torr at least for

the following shot of the series of shots.

The voltage injection control signal remalns
cf the same nature as previously.

This 1nvention further relates to the tool
as described above with, 1in addition, the pressure

sensor at the outlet of the solenoid wvalve.
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WHAT IS CLAIMED IS:

1. A controlling method for an 1internal
combustion engine hand tool, for driving 1n a
supporting material fastening elements under the
action, upon a shot, of the firing, 1in a combustion
chamber of the engine, of a driving fuel transferred
in the chamber from a fuel cartridge (16) by a fuel
intake electric device (1), the device (1) comprising
a valve which, upon each shot, opens 1in an 1intake
position, under the action of a current (Ixp) 1in a
component (15) created by a voltage injection control
signal (Uy),

sald method being characterized 1in that,
upon the first one of a series of shots and after the
beginning of the control signal, the time t, 1is
detected o©0f a drop of current during the transient

rise of current and, the opening period T, of the

valve being predetermined, the end of the injection
control signal 1s triggered at the time tyg, after a
period T,, following the time t,, reduced with a
period Torr, of a first rise of the voltage injection
control signal following the beginning of the drop of
the current signal in said component (15) or the rise,
following the beginning of the drop thereof, of the
current signal 1n said component (15).

2. A controlling method according to
claim 1, characterized in that it is implemented upon
each shot.

3. A controlling method as claimed in one of
claims 1 and 2, wherein the discharge of the
component, from the fuel intake electric device and

the current of which opens the valve, being
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stabilised, the end of the injection control signal 1s

triggered at the time tg4, after a period T,, following
the time t,, reduced with a practically constant
period Terr of a first rise of the voltage 1injection
control signal.

4. A controlling method according to one of
claims 1 and 2, wherein the discharge of the
component, from the fuel intake electric device and

the current of which opens the wvalve, beiling not

stabilised, the end of the injection control signal 1s
triggered at the time tg4, after a period T, following
the time t,, reduced with an estimated period Torr, ©0F
a rise, following the beginning of the drop thereof,
of the current signal 1n said component.

5. A controlling method according to
claim 4, wherein the true period Torr 0f the rise of
the current signal in said component following the

P
amad

beginning of the drop thereof is measured at the time

tg and 1s substituted for the estimated period Terr at
least for the following one of the series of shots.

6. A controlling method for an 1internal

combustion engine hand tool, for driving in a
supporting material fastening elements under the

action, upon a shot, of the firing, 1n a combustion

chamber of the engine, of a driving fuel transferred
in the chamber from a fuel cartridge (16) by a fuel
intake electric device (1), the device (1) comprising

a valve which, wupon each shot opens 1n an 1ntake

position, under the action of a current (Iap) 1n a
component (15) created by a voltage injection control
signal (Uy), and a pressure sensor (20) being mounted
at the outlet of the intake device (1), said method

being characterized in that, upon the first one of a
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series of shots and after the beginning of the control

signal, the time t, o©0f the opening of the wvalve

detecting the opening thereof 1s detected through a

pressure increase at the outlet of the intake device,

and, the opening period To

Jr—

of the wvalve being predetermined, the end of the

injection control signal 1s triggered at the time tg,
after a period T,, following the time t,, reduced with
an estimated period Torr, €elapsing from the end of the '
injection control signal, until the time tf 0of closing
of the wvalve being detected by the decrease of
pressure at the outlet of the intake device (1), the
true period Torr 0f the drop of pressure following the
beginning of the drop of current (tyg) 1s measured and
1s substituted for the estimated period Terr at least
for the following shot of the series of shots.

7. A controlling method according to one of
clailms 1 to 6, wherein the voltage injection control
signal (Uy) 1s a slot.

8. A controlling method according to one of
claims 1 to 7, wherein the voltage injection control
signal (Uy,) 1s the envelope of a series of impulsions.

9. An 1internal combustion engine hand tool,
for driving 1n a supporting material fastening
elements under the action, upon a shot, of the firing

of a driving fuel 1n an engine combustion chamber,

transferred in the chamber from a fuel cartridge (16)
by a fuel intake electric device (1, 15), the device
(1) comprising a valve which, upon each shot, opens in
an 1ntake position under the action of a current (Ia)
in a component (15) created by a voltage injection
control signal (Uy), said tool being characterized in

that 1t further comprises a current measurement member
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(3) 1n series with the fuel intake electric device (1)
and a microcontroller (2) arranged for receiving the
outlet signal of the current measurement member (3),
and the control impulsion (Uy) for the intake device
(1) and compute (10) the opening time of the fuel
intake device (1).

10. A hand tool according to claim 9,
wherein the microcontroller (2) comprises a processing
circuit (9) for detecting the mechanical opening and
closing of the intake electric device (1).

11. A hand tool according to claim 10,

wherein the fuel intake device (1) is controlled by a
power stage (4) controlled by a circuit (10) of the
microcontroller (2) for calculating the opening time
of the 1intake device and connected, at the input, to
the processing circuit (9) of the microcontroller (2).

12. A hand tool according to one of claims 9
to 11, wherein the fuel intake device 1is a solenoid
valve (1) comprising a coil (15) and the current
measurement member (3) 1is operated 1n series with the
coi1l (15).

13. A hand tool according to one of claims 9
to 12, whereln there is provided a voltage protecting,
controlling and stabilisation circuit (7) in parallel
on the intake device (1).

14. A hand tool according to claim 13,
wherein said protecting and controlling «circuit
comprises a Zener diode (19) for voltage protection
and stabilisation control.

15. A hand tool according to claim 14,

wherein the Zener diode (19) 1s serially mounted with

a discharge diode (18).
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16. A hand tool according to one of claims 8
to 14, wherein there 1is provided a pressure sensor

(20) at the outlet of the fuel intake device (1).
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