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(57) Abstract: Safety system 1n a
portable tool (1) comprising a pair of
clectrodes connected to a measurement
and assessment unit, said measurement
and assessment unit being an integrated
circuit touch sensor device provided
with a ground connector and with a
sense electrode, wheremn the ground
connector 1s configured as internal
floating ground connected to one elec-
trode, said measurement and assessment
unit configured for acquiring a refer-
ence capacity value measured between
saild two electrodes varies by a preset
difference threshold with respect to said
reference value, the satety signal being
sent to a tool deactivation actuator.
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SAFETY SYSTEM IN A PORTABLE TOOL

Field of the Invention

The present i1nvention refers to a safety system for chain-

saws and simllar portable cutting tools.

Background Art

As 1t 1s known, there exilists portable work equlipment, such
as chainsaws and the like, which comprises moving cutting parts

and which exposes users to a high risk of i1njury. As a matter of

fact, while 1t 1s relatively easy to arrange shields and/or ac-
cident-prevention protection elements on fixed eqguipment and ma-
chine tools, so as to avolid any accldental contact with moving
parts, thilis 1s not feasible on portable eguipment.

Safety arrangements for chalnsaws and simillar tools have
already been suggested, specifically dedicated to solving the
safety problems connected with the use of such devices. In par-
ticular, two different approaches have been put forward, one
based on a mechanical passive system and another one based on a
remote—-detection system. In both cases 1t 1s 1ntended to
promptly detect a condition of excessive closeness between an
operator’s limbs and the moving parts (such as the cutting chailn
of a chalnsaw) to stop 1n time the operation of the tool and to
hence 1limit the damage resulting from a possible direct contact.

WO2007060698, 1n the name of the same Applicant, shows an

example of safety system for such egquipment, wherein the ap-

proach of the remote detection of the relatlive position between
cutting tool and operator 1s used.

In this publication 1t 1s suggested to use a radlo-
frequency transmission system for detecting the relative posi-
tion of the operator with respect to the blade of a chailnsaw.
The receiving-transmilitting system 1n radlo frequency operates
similarly to a condenser system, obtalning a signal proportional
to the distance between two electrodes, one 1nserted 1n an 1tem
of safety clothing of the operator and the other one 1n the
chainsaw blade portion.

In other prior art disclosures, such as US-A-5942975, the

use of capacitive systems for detecting a capacitive difference
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between two electrodes for determining the relative distance
thereof 1s disclosed.

However, these well-known systems generally requlre the use

of suitable garments wherein a clrcult and active electronic

S equlpment are 1nserted which makes up one of the two capacitive

plates of the system. Moreover, they do not have an optimal op-

eration, because the emission of the safety signal 1s affected

by envlironmental conditions (for example, alr humidity, opera-

tor’s mass and clothing, and others).

10 W09712174 discloses another example of safety system ap-
plied - among other things - to a cutting tool. In this case,
the distance between a receiver and a transmitter (possibly 1n-

tegral with an operator’s body) 1s detected through the reading

of the absolute wvalue of a transmitted signal. This 1mplies

15 problems of sensitivity and adaptation to the specific condi-
tions, so much so that a groundling arrangement 1s suggested 1n
order not to trigger an undesired deactivation of the tool. Such
system has proved cumbersome and poorly applicable 1n the field
of portable cutting tools which are suited to operate 1n highly

20 changeable conditions.

Us2010180740 discloses a safety system provided with a
calibration unit. The calibration unilit 1s provided for changing
the warning threshold of significant quantities detectable by a
sensor unit, which sensor 1s hence 1ntended for activating an

25 emergency signal still upon the exceeding of an absolute (cali-
brated) threshold value of the detected quantities. This i1mplilies
simply adapting the reference threshold to the boundary condili-
tions, with loss of system sensitivity. Moreover, the calibra-
ti1on unit has a complex operation, resorting to a detection de-

30 vice separate from the sensor unit for detecting values of some

reference quantitlies to be entered 1n a feedback loop and com-

pared against default values prestored 1n a suitable memory. The

use of absolute reference thresholds 1mplles that the operator

must cooperate, lyving at a short distance from the tool for the
35 calibration operation to be completed.

Summary of the Invention




The object of the present i1nvention 1s hence to solve the

drawbacks which still affect prior-art systems, 1in particular to

supply a safety system which, despite being like a capacitive-
type, 1s able to solve the above drawbacks 1n a original way

guin
p—

being efficient, economic and unaffected by environmental

changes.
Such purpose 1s achieved through a system as described in 1ts

essential features 1n the attached main claim.

Other 1nventive aspects of the system are described 1n the
dependent claims.

In particular, according to a first aspect of the invention,
there 1s provided a portable tool with a safety system provided
wlth a gripping and handling body and a moving cutting part,
comprising a pair of electrodes, a distal one and a proximal one,

gr——

arranged on the cutting part downstream of the handling body and

at least partly on the handling body, respectively, the two
electrodes being connected to a measurement and assessment unit
installed on the handling body;

wherein said measurement and assessment unit consists of an

integrated circuit touch sensor device provided with a ground
connector and with a sense electrode, wherein the ground
connector 1s configured as internal floating ground connected to
sald proximal electrode or to said distal electrode and the sense
electrode coincides with said distal electrode or with said
proximal electrode, respectively, and

whereln sald measurement and assessment unit is configured

for acquiring a reference capacity value at least upon turning

on the portable tool and for issuing a safety signal when the
capacity value measured between said two electrodes varies by a
preset difference threshold with respect to said reference value,
the safety signal being sent to a tool deactivation actuator.
According to a preferred aspect, the safety signal is issued

when said measured capacity value increases by a preset absolute

value 1n the order of 0.5 pF with respect to said reference

capacity value and/or when said measured capacity value in-

CA 2810325 2018-12-05
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creases wilith respect to said reference value according to a de-
rivative which exceeds a preset value.

Accordling to another aspect, the proximal electrode com-
prises at least one electrically conductive element arranged on
a grip of said handling body so that 1t remalns 1n contact with
the operator’s hand during operation; the proximal electrode
preferably comprises at least one conductive element 1nserted 1n
an applicator which may be worn 1n contact with the operator’s
body during operation, for example 1n the shape of a glove which
may be worn on the operator’s hand during operation.

According to another aspect, the proximal electrode com-
prises at least one conductive element 1ntegral with the han-
dling body of saild tool and coupled 1n a capacitive manner with
the operator’s body during operation.

It 1s advantageous that the capacilitive or resistive 1mped-
ance between sald conductive element of the proximal electrode
and the operator’s body be below the capacitive 1mpedance de-
tectable by sald measurement and assessment unit between said
proximal electrode and saild distal electrode at the minimum
threshold distance at which the safety signal output 1s wilished
to occur.

According to another aspect, 1n the safety system of the
invention saild measurement and assessment unit 1s a touch sensor
device of the charge-transfer type, wherelin an electric signal
of a voltage below 2.5 V 1s burst sent toward sald sense elec-
trode. According to an embodiment, the sense electrode of the
touch—-sensor device colncides with the proximal electrode 1n-
tended to be placed 1n electric-conduction contact with the op-
erator’ s body.

Brief Descriptilion of the Drawilings

Further features and advantages of the device according to
the invention will 1n any case be more evident from the follow-
1ng detailled description of a preferred embodiment of the same,
given by way of example and 1llustrated 1n the attached draw-
1ngs, wherein:

fig. 1 1s a diagram showing the concept of egulvalent ca-
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paclty measured by the system according to the i1nvention;

fig. 2 1s an exemplifyving diagram of the variation of meas-
ured capaclty durlng the use of the system of the 1nvention;

fig. 3 1s an exemplifying diagram of traditional operation
of touch sensors; and

figs. 4A and 4B are diagrams of two confilgurations accord-
1ng to the invention.

Detalled description of preferred embodiments of the i1nvention

Let us consider a portable cutting tool 1, such as a chain-
saw, which 1s gripped by an operator 2 1n a position typically
as far as possible from the moving blade.

During correct use, the tool 1s tilted with the cutting
blade opposite to the operator and led to oscilillate, for per-
forming the cutting, according to arches of a circle which keep
the blade substantially at the same distance from the operator’s
body.

In certaln accildental cases, due to the operator’s 1mpru-
dence or as a reaction to sudden jams of the moving blade, the
tool may come excessively close to the operator, with the con-
crete risk arising that the moving cutting parts 1mpacts agalinst
the operator’s body.

A safety system hence provides to detect the exceeding of a
minimum distance threshold between the cutting portion of the
tool and the operator, and to consequently 1nterrupt the move-
ment of the cutting parts, for example by discontlnuing the sup-
ply to the tool engiline.

The technique employed to detect the proximity of the cut-
ting parts to the person gripping the tool consists 1n measuring
a variation of electric capacity.

According to the i1nvention, the measurement capacity system

1s entirely mounted within the tool, with two opposite contacts

which are part of two electrodes of an equivalent theoretical
capacltor: one on the cutting part of the tool and one on the
tool grip, 1n a position sulted to come 1nto electrical conduc-

tion contact with the operator’s body.

The contact mounted on the cutting part (1n the following
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referenced as "blade"), which makes up one of the system elec-
trodes, 1s sultably electrically insulated from the other con-
tact. Typilically, 1n chalnsaw-like tools, provisions already re-
gulire that the support blade of the cutting chain be electri-
cally 1nsulated from the tool grip: this 1s achieved through
sultable mounting configurations with the arrangement of 1nsu-
lating materials. Alternatively, a layer of 1nsulating material
can be arranged between this contact and the underlying tool
blade.

System capaclity 1s detected by a measurilng device between
the two opposite contacts, as i1ndicated 1n the following.

While one of the eguivalent system electrodes coincildes

with the same contact 1nstalled on the blade (or with the con-

tact+blade assembly 1f the two are not mutually insulated), the

other electrode consists of the contact on the grip together
wlith the operator’s body Z.

In order to correctly define the clrcuit and achieve the
correct operation of the system, obtaining the deslired active
protection, the operator’s body must hence be put 1n electrical
connection with the contact found on the Jgrip. Thereby the ca-
paclty C measured by the measurement device (fig. 1) colncides
wlith the capacity between the filrst electrode (operator’s body
and connector thereof) and the second electrode (blade—-mounted
connector). In other words, a distal system electrode, arranged
on the blade, exhibits fixed features which are defined by the
speclfic configuration of the tool; the other proximal elec-
trode, comprising the operator’s body 1tself - as evervbody
knows conductive of electricity - hence has varying features de-
pending malnly on the operator’s builld and on the environmental

humidity conditions.

The electric connection between operator and contact on the

grip can be accomplished 1n wvarious ways. A direct connection
may be obtained, through a metal plate arranged on the grip or
on the trigger, which touches directly the operator’s hand. A
speclific glove may be used, with a metal contact. A contact

through electric wire may be provided, which wilre must be con-
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nected 1n some way to the operator. In order to optimise the
electric coupling 1t 1s possible to employ a metal fabric within
the operator’s clothing, which must be connected directly with
the contact (through a cable or a suitable glove). The electric
connection between the operator and the contact of the elec-
tronic measurement system may also be of a capacitive type: for
example, 1t 1s possible to arrange a layer of 1nsulating mate-

rial (plastic, fabric, rubber) between the operator’s hand and

the contact.

In any case, for the correct operation of the system 1t 1is
important that the capacitive or resistive 1mpedance between op-
erator Z and the contact on the grip be sufficiently lower than

the capacitive 1lmpedance exlsting between the operator (proximal

electrode) and the contact on the blade (distal electrode) at

the minimum threshold distance at which the turning off action
of the tool blade 1s wilished to occur; otherwlise the system loses
sensitivity and hence reliability.

In a sultable position of the tool, for example within the
sump ©or housing of a chainsaw, an electronic device for the
measurement of the capacity between the two proximal and distal
electrodes 1s arranged. The measurement device reads the capac-
1ty between the two electrodes (continuocusly, 1f of the analogi-
cal type, or with a certain sampling frequency, 1f of the digi-
tal type) and sends a turning-off signal, typically directed at
the general switch of the tool (for example, a switch which cuts
off the power supply to the electric motor of the cutting blade
or to the 1gnition col1l 1n an 1nternal combustlon englne), 1n
case of sudden i1ncrease of the detected capacity C (1.e. 1f the
rate or derivative of the capaclty 1ncrease over tlime exceeds a

preset threshold) or 1n case such detected measure exceeds by a

preset threshold difference wvalue the capaclty measure detected

1n the 1nitial starting step.

As a matter of fact, 1t was detected that these two modes
of action are effective since, 1n case of the blade coming
closer to the body (1.e. the two electrodes coming closer to

each other), the capacity C read by the system configured ac-
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cording to the 1nvention 1ncreases wilith distance with an ap-
proximately hyperbolic equation. An example of the trend of ca-
paclity C as a function of the distance of the blade from the
body 1s reported in fig. 2.

According to the 1nvention, the electronic clrcult measur-
1ng capaclty 1s accomplished by 1nstalling and configuring 1n a
fully original way an measurlng capaclty I1ntegrated cilrcult 1im-

plemented 1n a touch-sensor device, as the "charge-transfer

touch sensor" systems manufactured by Quantum Research Group
(now Atmel Corporation).

These sensors are traditionally employed i1n domotics
plants: they are wall-mounted and measure the change of capaclity

towards a large mass due to the coming closer of a human body.

F1g. 3 shows a mounting and operation diagram of a typical touch

sensor, taken from the manual of the QProx™ QT113 processor
manufactured by Quantum. An i1ntegrated cilrcult typilically has two
electrodes, an actlve one (sense electrode) and a grounded one.
The clrcuit provides a signal to the sense electrode, 1n the
form of bursts of electric charge (voltage of about 1-2.5 V with
frequencilies 1n the order of microseconds). The sensor reveals
the proximity of a user through the charge wvariation seen on the
same electrode due to the change of capacity with respect to the
ground caused by the user coming close to the sense electrode.
This hence 1mplies that these devices be grounded through the
grounded electrode.

In the application according to the 1nvention, such devices
are used 1n an origilnal way: 1.e. the ground contact or elec-
trode of the device 1s purposefully not grounded (and 1t 1s en-
visaged to limit at most any capacitive coupling with the
ground), thereby determining a floating internal ground which 1s
used as one of the two detection electrodes of the system.

In so doing, two possible configurations are provided, one
wlth the sense electrode on the tool blade, and the other one
with the sense electrode 1n electrical conduction contact with

the operator.

In the first case (fig. 4A) the 1internal floating ground
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electrode of the sensor 1s connected to the grip of the cutting
tool and hence strongly coupled with the operator. The 1mpulse
signhal 1s 1nstead connected to the sense electrode on the tool
blade. With this configuration the system detects the proximity
of the blade to any conductive object of a sufficient size,
therefore the 1ssuance of the safety signal 1s triggered both
due to the proximity to the operator, and 1n the fortuilitous case
of proximity to another person (the trigger distance - 1.e. of
triggering of the safety signal - 1s smaller than with the op-
erator touchling the grip, but also protects from accidents to
third parties); the trigger of the safety system occurs also 1n
case of proximlity to a large conductive object (for example a
metal table), offering a protection to the chainsaw which avoids
damages.

In the second case (fig. 4B) the 1internal floating ground
of the device 1s connected to the tool blade. The sense elec-
trode 1s arranged on the chainsaw grip and the 1mpulse signal 1s
hence strongly coupled with the operator. With this configura-
tion the system 1s extremely selective: the trigger occurs only
when the cutting part 1s 1n proximity of the operator Jgripplng
the tocl; false alarms are greatly limited and system connec-—

tions are simplified (no particular electrical 1nsulations are

to be provided): the entlire chalnsaw 1s connected to the float-
1ng ground of the sensor and the 1mpulses are connected to the
operator only.

Therefore, the 1ntegrated touch-sensor device, sultably re-
configured according to the teachling provilided here, 1s capable
of measuring the capacity between the operator’s body and the
chalnsaw blade and o©f generating a digital signal when the ca-
paclty 1ncreases by a preset threshold difference value.

Moreover, accordling to a preferred embodiment of the i1nven-
tion, such circuit 1s configured so as to measure the 1nitial
capaclty upon the turning on thereof and to temporarily store 1t
as reference value; a safety or trigger signal, 1in form of digi-
tal output, 1s 1ssued by the 1ntegrated circult to an actuator

for the deactivation of the tool, when the read capacity 1n-
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creases by a preset amount (called sensitivity) with respect to
the reference wvalue, for example when the variation exceeds 0.5

pF (fig. 2). The measured 1nitial capaclty 1s 1n the order of a

few picofarad, while the sensitivity 1s measured 1n fractions of
picofarad.

In substance, 1t 1s sufficient to obtaln an 1nitial capac-
1ty measurement - with the same sense electrode of the touch-

sensor device (without resorting to other additional sensors) -

which 1s temporarily stored as reference value, to hence obtain
an automatic and repeatable adjustment of the system with re-
spect to the measurement environment and 1n particular to the
specific operator Jgripplng the tocl. As a matter of fact, the

measured 1nitilial capacity depends on the tool size, on the op-

erator’s size and also on the surrounding environment (for exam-

ple on the possible presence of metal walls next to the operator
or on the exilisting humidity). The safety signal causing turnling-
off of the portable tool 1s generated when the capacity 1n-

creases by the preset value (sensiltivity) wilith respect to the

reference wvalue, or when the capacity 1ncrease over time (de-
rivative) exXceeds a second threshold wvalue.

Fig. 2 shows how the hyperbolic feature of capacity 1n the
system of the 1nvention makes the system 1ntrinsically safe,
even when 1t 1s turned on with the blade already near the opera-
tor: wilith reasonable wvalues 1t 1s possible to detect that a

turning on of the system 30 cm away the operator still enables

to clearly ascertaln the movling closer to a safety threshold of
15 cm, while turning the device on 7 cm away the operator brings
the detectable threshold down to 5 cm. In any case, wilith the
blade moving closer to the operator’s body, the capacity wvalue

tends to quickly diverge, with a high value 1n the derivative of

the curve, leading to 1mmediate triggering of the security sys-

tem.

The generated safety signal can be used 1n various ways to
control the deactivation of the moving parts of the tool,
through the turning off of the power supply and the possible 1n-

tervention of braking systems. In particular, 1n the application
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to chalnsaws with 1nternal combustion englne, where 1t 1s un-
pleasant for the engilne to be stopped at each action of the
safety system, 1t can be provided that the safety signal be used
exclusively for driving a brakling device of the cutting chain,
for example 1n the way taught 1n the application filed at the
same time by the same Applicant.

Other examples of measurements of capacltles are: measure-

ment 1n frequency of an astable electronic oscillator, connected

to the capacity to be measured; digital capacity meter with
sigma—-delta converter; capaclty measurement through the measure-
ment of the transmission of a sinusoldal or 1mpulse signal;
measurement wilith bridge technigues; measurement wilith resonance

techniques; measurement with current-voltage techniques.

The 1ntegrated measurement device has a minimal size and 1s

mounted on an electronic board contalniling

- some passive elements (resistances and capaclty) neces-
sary for correct operation,

- a transistor stage, for supplylng the necessary current
to an actuator delegated to the safety function, and

- a voltage stabilllser for the power supply.

In an embodiment, the actuator 1s a turning-off relay which
1s 1ntended to short-circult an electric supply coll (1n the
case, for example, of chainsaws) or to cut-off power supply to
the electric motor of the cutting chain (i1n the case, for exam-
ple, of electric chainsaws).

The power supply for the circult on the board 1s taken el-
ther directly from the chailnsaw - through circuits which take
the required power from the coil - or, given the negligible con-
sumption (i1n the order of 600 upA), from a small battery mounted

on board. In the case of an electric saw, the power supply 1s

taken directly from the power main.

The electronic circuit may be small, in the order of 1 cm?,
and 1s hence easilily 1nserted directly 1nto the chalnsaw body, 1n
any position, provided 1t can be put in contact - through a sim-
ple cable - with the cutting part (blade) and with the grip (or

with another connector to be applied to the operator’s body). In
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addition to such c¢ircuit, the actuator (relay) and the supply

components can be arranged 1n other positions 1nside the chain-
saw, sSo as to minimise the bulk thereof.
Summarising, the system according to the invention can con-

sist of only 4 elements:

1) an electronic board with i1integrated measuring device and

electrodes therefor:;

2 ) power supply system to the board;

3) actuator for the turning-off of the chalnsaw (typically a
relav);

4) internal contacts towards the cutting part (blade) and to-

wards the grip/operator.
FElectric Chainsaw Operation

The board with the 1ntegrated circuit takes the power sup-
ply from the power main, 1n serles to the turning-on button of
the chainsaw: the circult turns on when the operator pushes the
chainsaw button. At that time the 1nitial capacity 1s calculated
and the reference wvalue 1s determlined. The circult enables a
(normally open) relay which carries the supply power to the
chainsaw (which hence turns on). When the 1nitial capacity ex-
ceeds a maximum preset threshold, the circuit does not enable
the relay, keepling the chalnsaw off: thereby, 1n case of clrcuilt
malfunctioning, the chainsaw does not even start.
Chainsaw Operation with Internal Combustion Engine

The board with the 1ntegrated circuit takes the power sup-
ply from the coil: therefore, first the chailnsaw turns on, then
the security circuit turns on. At that time the 1nitial capacity
1s detected. In parallel to the i1gnition spark of the engine a
normally open relay 1s arranged, which 1s closed by the security

circult when the detected capacity exceeds a preset threshold:

at that time, the safety signal short-clrcuits the spark and the

chainsaw engine turns off. Alternatively to, or 1n combilnation
with, the turning-off relay, the turning-off actuator can con-
sist of an electromechanical actuator which acts on the braking

system of the cutting chailn.

As can be clearly understood from the above-reported de-
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scription, the safety system according to the 1nvention allows

to perfectly achileve the objects set forth 1n the preliminary

remarks. In particular, the simple circult of the 1nvention 1s
capable of determining with a certain precision the distance re-
duction between the tool blade and the operator. The safety sig-
nal, used for controlling an actuator delegated to the deactiva-
tion of the tool, 1s generated 1n varlous ways which prevent any
error and especially without being affected by the specific en-
vironmental condiltions.

However, 1t 1s understood that the 1nvention 1s not limited

to the particular confiligurations 1llustrated above, which repre-

sent only non-limiting examples of the scope of the i1nvention,

but that a number of wvariants are possible, all within the reach

of a person skilled 1n the field, without departing from the

scope of the 1nvention.

For example, 1t can be provided that the 1nitial reference
value be redetermined not only after a turning-off of the port-
able tool, but whenever the tool has remalned at the minimum
revolution number for a preset minimum time: this ensures the
correct readjustment of the safety system even when the tool 1is
temporarily not used, without turning 1t off, and then use
thereof 1s resumed 1n very different conditions (by another op-

erator or 1n a very different position).
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CLAIMS:

1. Portable tool with a safety system provided with a gripping and handling
body and a moving cutting part, comprising a pair of electrodes, a distal one and
a proximal one, arranged on the cutting part downstream of the handling body and
at least partly on the handling body, respectively, the two electrodes being
connected to a measurement and assessment unit installed on the handling body;

wherein said measurement and assessment unit consists of an
Integrated circuit touch sensor device provided with a ground connector and with
a sense electrode, wherein the ground connector is configured as internal floating
ground connected to said proximal electrode or to said distal electrode and the
sense electrode coincides with said distal electrode or with said proximal electrode,
respectively, and

whereln said measurement and assessment unit is configured for
acquiring a reference capacity value at ieast upon turning on the portable tool and
for issuing a safety signal when the capacity value measured between said two
electrodes varies by a preset difference threshold with respect to said reference

value, the safety signal being sent to a tool deactivation actuator.

2. Portable tool as claimed in claim 1, wherein said safety signal will be issued
when said measured capacity value increases by a preset difference value in the

order of 0.5 pF with respect to said reference value.

3. Portable tool as claimed in claim 1 or 2, wherein said safety signal will be
Issued when said measured capacity increases with respect to said reference
value according to a derivative which exceeds a preset value.

4. Portable tool as claimed in any one of claims 1 to 3, wherein said proximal
electrode comprises at least one electrically conductive element located on a grip

of said handling body so that the grip remains in contact with the operator' s hand
during operation.

CA 2810325 2018-12-05
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5. Portable tool as claimed in any one of claims 1 to 4, wherein said proximal
electrode comprises at least one conductive element inserted in an applicator

which can be worn in contact with the operator's body during operation.

o. Portable tool as claimed in claim 5, wherein said wearable applicator is

shaped as a glove which can be worn on the operator's hand during operation.

7. Portable tool as claimed in any one of claims 1 to 4, wherein said proximal
electrode comprises at least one conductive element integral with the handling
body of said portable tool and coupled in a capacitive manner with the operator's
body during operation.

8. Portable tool as claimed in any one of claims 4 to 7, wherein the capacitive
or resistive impedance between said electrically conductive element and the
operator' s body is below the capacitive impedance detectable by said
measurement and assessment unit between said proximal electrode and said

distal electrode at the minimum threshold distance at which the safety signal is
wished to occur.

0. Portable tool as claimed in any one of claims 1 to 8, wherein said
measurement and assessment unit is a touch sensor device of the charge-transfer

type wherein an electric signal of a voltage below 2.5 V is burst sent toward said

sense electrode.

10. Portable tool as claimed in claim 9, wherein said sense electrode coincides

with the proximal electrode intended to be put in electrical conduction contact with

the operator's body.

CA 2810325 2018-12-05
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