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tfl (57)Abstract: The invention relates to a setting tool for driving fastening elements into an underlying surface, inparticularto ahandheld 
0 setting tool, having a receptacle, which is intended to accommodate a fastening element, a drive element, which is intended to deliver 

a fastening element accommodated in the receptacle into the underlying surface along a setting axis with a setting energy Ekin of at 
least 30 J and at most 600 J, a drive, which is intended to drive the driving element along the setting axis onto the fastening element, 

C wherein the dreive has an electrical capacitor, a squirrel-cage rotor arranged on the driving element, and a field coil, through which 
current flows when the capacitor is discharged and which generates a magnetic field that accelerates
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SZ, TZ, UG, ZM, ZW), eurasisches (AM, AZ, BY, KG, KZ, 
RU, TJ, TM), europaisches (AL, AT, BE, BG, CH, CY, CZ, 
DE, DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, 
LU, LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, 
SK, SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, 
GQ, GW, KM, ML, MR, NE, SN, TD, TG).  

Ver6ffentlicht: 
- mit internationalem Recherchenbericht (Artikel 21 Absatz 

3) 

the driving element towards the fastening element, wherein the driving element has a piston diameter dk and a piston mass m, and 

wherein, forthe piston diameter dk, a = 33 mm, b = 6 mnimn and n = 1/3, and/orfor the piston mass m, c = 20g, d = 30 gFn and n = 1/3.  

(57)Zusammenfassung:SetzgeratzumEintreibenvonBefestigungselementenineinenUntergrund,insbesonderehandgefiihrtesSetz
gerat, aufweisend eine Aufnahme, welche dafr vorgesehen ist, ein Befestigungselement aufzunehmen, ein Eintreibelement, welches 
dafir vorgesehen ist, ein in der Aufnahme aufgenommenes Befestigungselement mit einer Setzenergie Ekin von mindestens 30 J und 
hcchstens 600 J entlang einer Setzachse in den Untergrund zu befordern, einen Antrieb, welcher daftir vorgesehen ist, das Eintreibele
ment entlang der Setzachse auf das Befestigungselement zu anzutreiben, wobei der Antrieb einen elektrischen Kondensator, einen an 
dem Eintreibelement angeordneten Kurzschlusslaufer und eine Erregerspule aufweist, welche bei einer Entladung des Kondensators 
mit Strom durchflossen wird und ein Magnetfeld erzeugt, welches das Eintreibelement auf das Befestigungselement zu beschleunigt, 
wobei das Eintreibelement einen Kolbendurchmesser dkund eine Kolbenmassemk aufweist, und wobei fr den Kolbendurchmesser dk 

mit a = 33 mm, b = 6 mmJ-n sowie n = 1/3 und/oder fr die Kolbenmasse m mit c = 20 g, d = 30 gJ-n sowie n = 1/3 gilt.
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Setting tool 

10 The present invention relates to a setting tool for driving fastening elements into a 

substrate.  

Such setting tools usually have a holder for a fastening element, from which a fastening 

element held therein is transferred into the substrate along a setting axis. For this, a 

15 drive-in element is driven toward the fastening element along the setting axis by a drive.  

US 6,830,173 B2 discloses a setting tool with a drive for a drive-in element. The drive 

has an electrical capacitor and a coil. For driving the drive-in element, the capacitor is 

discharged via the coil, whereby a Lorentz force acts on the drive-in element, so that the 

20 drive-in element is moved toward a nail.  

The object of the present invention is to provide a setting tool of the aforementioned type 

with which high efficiency and/or good setting quality are ensured.  

25 The object is achieved by a setting tool for driving fastening elements into a substrate, 

comprising a holder, which is provided for holding a fastening element, a drive-in 

element, which is provided for transferring a fastening element held in the holder into the 

substrate along a setting axis by a setting energy Ekin of at least 30 J and at most 600 J, 

a drive, which is provided for driving the drive-in element toward the fastening element 

30 along the setting axis, wherein the drive comprises an electrical capacitor, a squirrel

cage rotor arranged on the drive-in element and an excitation coil, which during 

discharge of the capacitor is flowed through by current and generates a magnetic field 

that accelerates the drive-in element toward the fastening element, wherein the drive-in 

element has a piston diameter dK and a piston mass mK, and wherein, for the piston 

35 diameter dK,
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2 4 
- (a+ b E',,) 5 d, 5 -(a+ b E',,) 

where a = 33 mm, b = 6 mmJ-1 and n = 1/3 and/or, for the piston massmK, 

2 5 
5 - (c + d E',,) 5 m, 5 - (c + d E',,) 

where c = 20 g, d = 30 gJ- and n = 1/3. In the context of the invention, the piston diameter 

dK should be understood as meaning the greatest extent of the drive-in element 

perpendicularly to the setting axis. In the case of a circular-cylindrical drive-in element or 

10 piston plate, this is the diameter of the cylinder. Preferably, for the piston diameter dK, 

(a + b E') 5 d 5 (a + b E',,) .  

Likewise preferably, for the piston massmK, 

15 

5(c + d E5,,) 5 m, 5 (C + d E',) .  

This measure has the effect of increasing the efficiency of the drive. The setting tool can 

in this case preferably be used in a hand-held manner. Alternatively, the setting tool can 

20 be used in a stationary or semi-stationary manner.  

In the context of the invention, a capacitor should be understood as meaning an electrical 

component that stores electrical charge and the associated energy in an electrical field.  

In particular, a capacitor has two electrically conducting electrodes, between which the 

25 electrical field builds up when the electrodes are electrically charged differently. In the 

context of the invention, a fastening element should be understood as meaning for 

example a nail, a pin, a clamp, a clip, a stud, in particular a threaded bolt, or the like.  

An advantageous embodiment is characterized in that a current intensity Acoi of the 

30 current flowing through the excitation coil during the discharge of the capacitor has a 

time profile with a rising edge, a maximum current intensity Amax and a falling edge, 

wherein the current intensity Aoli rises during a current rise time Atrise from 0.1 times to 

0.8 times the maximum current intensity Amax and during an impact time Atimpact is more



-3

than 0.5 times the maximum current intensity Amax, and wherein the current rise time Atrise 

is at least 0.020 ms and at most 0.275 ms and/or the impact time Atimpact is at least 0.15 

ms and at most 2.0 ms. Preferably, the current rise time Atrise is at least 0.05 ms and at 

most 0.2 ms and/or the impact time Atimpact is at least 0.2 ms and at most 1.6 ms.  

5 

An advantageous embodiment is characterized in that a maximum current density in the 

excitation coil during the discharge of the capacitor is at least 800 A/mm2 and at most 

3200 A/mm 2 

10 An advantageous embodiment is characterized in that the capacitor and the excitation 

coil are arranged in an electrical oscillating circuit, and wherein the capacitor has a 

capacitance Ccap and a capacitor resistance Rcap, the excitation coil has a self-inductance 

Lcoi, and a coil resistance Rcoi, and the electrical oscillating circuit has a total resistance 

Rtotal. A ratio of the capacitor resistance Rcap to the total resistance Rotal is preferably at 

15 most 0.6, particularly preferably at most 0.5. Likewise preferably, a ratio of the self

inductance Lcoi, to the coil resistance Rcoi, is at least 800 pH/Q and at most 4800 pH/Q.  

Likewise preferably, the capacitor has a capacitor time constant Tcap = Ocap Rcap and the 

excitation coil has a coil time constant Tcoil = Lcol/Rcol, wherein a ratio of the coil time 

constant Tcoil to the capacitor time constant Tcap is at least 10.  

20 

The invention is represented in a number of exemplary embodiments in the drawings, 

in which: 

25 Fig. 1 shows a longitudinal section through a setting tool, 

Fig. 2 shows a longitudinal section through an excitation coil, 

Fig. 3 shows a time profile of a current intensity, 

Fig. 4 shows an efficiency in dependence on a piston mass, 

Fig. 5 shows a piston diameter in dependence on a setting energy and 

30 Fig. 6 shows a piston mass in dependence on a setting energy.  

Fig. 1 illustrates a hand-held setting tool 10 for driving fastening elements into a substrate 

that is not shown. The setting tool 10 has a holder 20 formed as a stud guide, in which a 

fastening element 30, which is formed as a nail, is held in order to be driven into the 

35 substrate along a setting axis A (on the left in Fig. 1). For the purpose of supplying
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fastening elements to the holder, the setting tool 10 comprises a magazine 40 in which 

the fastening elements are held in store individually or in the form of a fastening element 

strip 50 and are transported to the holder 20 one by one. To this end, the magazine 40 

has a spring-loaded feed element, not specifically denoted. The setting tool 10 has a 

5 drive-in element 60 which comprises a piston plate 70 and a piston rod 80. The drive-in 

element 60 is provided for conveying the fastening element 30 out of the holder 20, along 

the setting axis A, into the substrate. In the process, the drive-in element 60 is guided, 

by way of its piston plate 70, in a guide cylinder 95 along the setting axis A.  

10 The drive-in element 60 is, for its part, driven by a drive, which comprises a squirrel

cage rotor 90 arranged on the piston plate 70, an excitation coil 100, a soft-magnetic 

frame 105, a switching circuit 200 and a capacitor 300 with an internal resistance of 5 

mohms. The squirrel-cage rotor 90 consists of a preferably ring-like, particularly 

preferably circular ring-like, element with a low electrical resistance, for example made 

15 of copper, and is fastened, for example soldered, welded, adhesively bonded, clamped 

or connected in a form-fitting manner, to the piston plate 70 on the side of the piston 

plate 70 that faces away from the holder 20. In exemplary embodiments which are not 

shown, the piston plate itself is formed as a squirrel-cage rotor. The switching circuit 200 

is provided for causing rapid electrical discharging of the previously charged capacitor 

20 300 and conducting the thereby flowing discharge current through the excitation coil 100, 

which is embedded in the frame 105. The frame preferably has a saturation flux density 

of at least 1.0 T and/or an effective specific electrical conductivity of at most 106 S/m, so 

that a magnetic field generated by the excitation coil 100 is intensified by the frame 105 

and eddy currents in the frame 105 are suppressed.  

25 

In a ready-to-set position of the drive-in element 60 (Fig. 1), the drive-in element 60 

enters with the piston plate 70 a ring-like recess, not specifically denoted, of the frame 

105 such that the squirrel-cage rotor 90 is arranged at a small distance from the 

excitation coil 100. As a result, an excitation magnetic field, which is generated by a 

30 change in an electrical excitation current flowing through the excitation coil, passes 

through the squirrel-cage rotor 90 and, for its part, induces in the squirrel-cage rotor 90 

a secondary electrical current, which circulates in a ring-like manner. This secondary 

current, which builds up and therefore changes, in turn generates a secondary magnetic 

field, which opposes the excitation magnetic field, as a result of which the squirrel-cage 

35 rotor 90 is subject to a Lorentz force, which is repelled by the excitation coil 100 and
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drives the drive-in element 60 toward the holder 20 and also the fastening element 30 

held therein.  

The setting tool 10 further comprises a housing 110, in which the drive is held, a handle 

5 120 with an operating element 130 formed as a trigger, an electrical energy store 140 

formed as a rechargeable battery, a control unit 150, a tripping switch 160, a contact

pressure switch 170, a means for detecting a temperature of the excitation coil 100, 

formed as a temperature sensor 180 arranged on the frame 105, and electrical 

connecting lines 141, 161, 171, 181, 201, 301, which connect the control unit 150 to the 

10 electrical energy store 140, to the tripping switch 160, to the contact-pressure switch 170, 

to the temperature sensor 180, to the switching circuit 200 and, respectively, to the 

capacitor 300. In exemplary embodiments which are not shown, the setting tool 10 is 

supplied with electrical energy by means of a power cable instead of the electrical energy 

store 140 or in addition to the electrical energy store 140. The control unit comprises 

15 electronic components, preferably interconnected on a printed circuit board to form one 

or more electrical control circuits, in particular one or more microprocessors.  

When the setting tool 10 is pressed against a substrate that is not shown (on the left in 

Fig. 1), a contact-pressure element, not specifically denoted, operates the contact

20 pressure switch 170, which as a result transmits a contact-pressure signal to the control 

unit 150 by means of the connecting line 171. This triggers the control unit 150 to initiate 

a capacitor charging process, in which electrical energy is conducted from the electrical 

energy store 140 to the control unit 150 by means of the connecting line 141 and from 

the control unit 150 to the capacitor 300 by means of the connecting lines 301, in order 

25 to charge the capacitor 300. To this end, the control unit 150 comprises a switching 

converter, not specifically denoted, which converts the electric current from the electrical 

energy store 140 into a suitable charge current for the capacitor 300. When the capacitor 

300 is charged and the drive-in element 60 is in its ready-to-set position illustrated in Fig.  

1, the setting tool 10 is in a ready-to-set state. Since charging of the capacitor 300 is 

30 only implemented by the setting tool 10 pressing against the substrate, to increase the 

safety of people in the area a setting process is only made possible when the setting tool 

10 is pressed against the substrate. In exemplary embodiments which are not shown, 

the control unit already initiates the capacitor charging process when the setting tool is 

switched on or when the setting tool is lifted off the substrate or when a preceding driving

35 in process is completed.
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When the operating element 130 is operated, for example by being pulled using the index 

finger of the hand which is holding the handle 120, with the setting tool 10 in the ready

to-set state, the operating element 130 operates the tripping switch 160, which as a result 

5 transmits a tripping signal to the control unit 150 by means of the connecting line 161.  

This triggers the control unit 150 to initiate a capacitor discharging process, in which 

electrical energy stored in the capacitor 300 is conducted from the capacitor 300 to the 

excitation coil 100 by means of the switching circuit 200 by way of the capacitor 300 

being discharged.  

10 

To this end, the switching circuit 200 schematically illustrated in Fig. 1 comprises two 

discharge lines 210, 220, which connect the capacitor 300 to the excitation coil 200 and 

at least one discharge line 210 of which is interrupted by a normally open discharge 

switch 230. The switching circuit 200 forms an electrical oscillating circuit with the 

15 excitation coil 100 and the capacitor 300. Oscillation of this oscillating circuit back and 

forth and/or negative charging of the capacitor 300 may potentially have an adverse 

effect on the efficiency of the drive, but can be suppressed with the aid of a free-wheeling 

diode 240. The discharge lines 210, 220 are electrically connected, for example by 

soldering, welding, screwing, clamping or form-fitting connection, to in each case one 

20 electrode 310, 320 of the capacitor 300 by means of electrical contacts 370, 380 of the 

capacitor 300 which are arranged on an end side 360 of the capacitor 300 that faces the 

holder 20. The discharge switch 230 is preferably suitable for switching a discharge 

current with a high current intensity and is formed for example as a thyristor. In addition, 

the discharge lines 210, 220 are at a small distance from one another, so that a parasitic 

25 magnetic field induced by them is as low as possible. For example, the discharge lines 

210, 220 are combined to form a busbar and are held together by a suitable means, for 

example a retaining device or a clamp. In exemplary embodiments which are not shown, 

the free-wheeling diode is connected electrically in parallel with the discharge switch. In 

further exemplary embodiments which are not shown, there is no free-wheeling diode 

30 provided in the circuit.  

For the purpose of initiating the capacitor discharging process, the control unit 150 closes 

the discharge switch 230 by means of the connecting line 201, as a result of which a 

discharge current of the capacitor 300 with a high current intensity flows through the 

35 excitation coil 100. The rapidly rising discharge current induces an excitation magnetic
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field, which passes through the squirrel-cage rotor 90 and, for its part, induces in the 

squirrel-cage rotor 90 a secondary electric current, which circulates in a ring-like manner.  

This secondary current which builds up in turn generates a secondary magnetic field, 

which opposes the excitation magnetic field, as a result of which the squirrel-cage rotor 

5 90 is subject to a Lorentz force, which is repelled by the excitation coil 100 and drives 

the drive-in element 60 toward the holder 20 and also the fastening element 30 held 

therein. As soon as the piston rod 80 of the drive-in element 60 meets a head, not 

specifically denoted, of the fastening element 30, the fastening element 30 is driven into 

the substrate by the drive-in element 60. Excess kinetic energy of the drive-in element 

10 60 is absorbed by a braking element 85 made of a spring-elastic and/or damping 

material, for example rubber, by way of the drive-in element 60 moving with the piston 

plate 70 against the brake element 85 and being braked by the latter until it comes to a 

standstill. The drive-in element 60 is then reset to the ready-to-set position by a resetting 

device that is not specifically denoted.  

15 

The capacitor 300, in particular its center of gravity, is arranged behind the drive-in 

element 60 on the setting axis A, whereas the holder 20 is arranged in front of the drive

in element 60. Therefore, with respect to the setting axis A, the capacitor 300 is arranged 

in an axially offset manner in relation to the drive-in element 60 and in a radially 

20 overlapping manner with the drive-in element 60. As a result, on the one hand a small 

length of the discharge lines 210, 220 can be realized, as a result of which their 

resistances can be reduced, and therefore an efficiency of the drive can be increased.  

On the other hand, a small distance between a center of gravity of the setting tool 10 and 

the setting axis A can be realized. As a result, tilting moments in the event of recoil of 

25 the setting tool 10 during a driving-in process are small. In an exemplary embodiment 

which is not shown, the capacitor is arranged around the drive-in element.  

The electrodes 310, 320 are arranged on opposite sides of a carrier film 330 which is 

wound around a winding axis, for example by metallization of the carrier film 330, in 

30 particular by being vapor-deposited, wherein the winding axis coincides with the setting 

axis A. In exemplary embodiments which are not shown, the carrier film with the 

electrodes is wound around the winding axis such that a passage along the winding axis 

remains. In particular, in this case the capacitor is for example arranged around the 

setting axis. The carrier film 330 has at a charging voltage of the capacitor 300 of 1500 

35 V a film thickness of between 2.5 pm and 4.8 pm and at a charging voltage of the
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capacitor 300 of 3000 V a film thickness of for example 9.6 pm. In exemplary 

embodiments which are not shown, the carrier film is for its part made up of two or more 

individual films which are arranged as layers one on top of the other. The electrodes 310, 

320 have a sheet resistance of 50 ohms/o.  

5 

A surface of the capacitor 300 has the form of a cylinder, in particular a circular cylinder, 

the cylinder axis of which coincides with the setting axis A. A height of this cylinder in the 

direction of the winding axis is substantially the same size as its diameter, measured 

perpendicularly to the winding axis. On account of a small ratio of height to diameter of 

10 the cylinder, a low internal resistance for a relatively high capacitance of the capacitor 

300 and, not least, a compact construction of the setting tool 10 are achieved. A low 

internal resistance of the capacitor 300 is also achieved by a large line cross section of 

the electrodes 310, 320, in particular by a high layer thickness of the electrodes 310, 

320, wherein the effects of the layer thickness on a self-healing effect and/or on a service 

15 life of the capacitor 300 should be taken into consideration.  

The capacitor 300 is mounted on the rest of the setting tool 10 in a manner damped by 

means of a damping element 350. The damping element 350 damps movements of the 

capacitor 300 relative to the rest of the setting tool 10 along the setting axis A. The 

20 damping element 350 is arranged on the end side 360 of the capacitor 300 and 

completely covers the end side 360. As a result, the individual windings of the carrier foil 

330 are subject to uniform loading by recoil of the setting tool 10. In this case, the 

electrical contacts 370, 380 protrude from the end surface 360 and pass through the 

damping element 350. For this purpose, the damping element 350 in each case has a 

25 clearance through which the electrical contacts 370, 380 protrude. The connecting lines 

301 respectively have a strain-relief and/or expansion loop, not illustrated in any detail, 

for compensating for relative movements between the capacitor 300 and the rest of the 

setting tool 10. In exemplary embodiments which are not shown, a further damping 

element is arranged on the capacitor, for example on the end side of the capacitor that 

30 faces away from the holder. The capacitor is then preferably clamped between two 

damping elements, that is to say the damping elements bear against the capacitor with 

prestress. In further exemplary embodiments which are not shown, the connecting lines 

have a rigidity which continuously decreases as the distance from the capacitor 

increases.  

35
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Fig. 2 illustrates a longitudinal section through an excitation coil 600. The excitation coil 

600 comprises an electrical conductor, preferably made of copper, with a circular cross 

section, for example, which is wound in several turns 610 around a setting axis A2 .  

Overall, the excitation coil has a substantially cylindrical, in particular circular-cylindrical, 

5 outer shape with an outside diameter Ra and a coil length Lsp in the direction of the setting 

axis A2 . In a region that is radially inner with respect to the setting axis A2 , the excitation 

coil 600 has a free space 620, which is preferably likewise cylindrical, in particular 

circular-cylindrical, and defines an inside diameter Ri of the excitation coil 600. This 

results in a self-inductance of the coil of 

r2f 
10 Lci - o 2 rj IT 

cou-P0 w Lsp + 0.9 rp 

with the induction constant po = 4 - 10-7 , a number nw of turns of the excitation coil 

600 and an average coil radius rs= (Ri + Ra). Since the excitation coil 600 is in a 

magnetically saturated area during operation of the setting tool, the permeability number 

pr of the excitation coil 600 is to be set as pr = 1, so that the self-inductance can be 

15 calculated from the number of turns and the dimensions of the excitation coil 600.  

A means formed as a temperature sensor 660 for detecting a temperature of the 

excitation coil 600 is arranged on an axial end face of the excitation coil 600 with respect 

to the setting axis A2 and is connected in a thermally conducting manner to the excitation 

20 coil 600, for example by means of a thermal paste. In exemplary embodiments which are 

not shown, the temperature sensor is arranged on an inner circumference or outer 

circumference of the excitation coil.  

Fig. 3 illustrates a time profile 400 of a current intensity Aoli of a current flowing through 

25 an excitation coil during the discharge of a capacitor in a setting tool according to the 

invention. The current intensity Acol is given in amperes and is plotted against a time t in 

milliseconds. The time profile 400 of the current intensity Acoi, has a rising edge 410, a 

maximum current intensity Amax of approximately 6000 A and a falling edge 420. Within 

the rising edge 410, the current intensity Aoli rises during a current rise time Atrise from 

30 0.1 times to 0.8 times the maximum current intensity Amax. During an impact time Atimpact, 

the current intensity Acoi, is more than 0.5 times the maximum current intensity Amax.  

In the present exemplary embodiment, the current rise time Atrise is approximately 0.05 

ms and the impact time Atimpact is approximately 0.4 ms. If the current rise time Atrise and
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the impact time Atimpact are chosen too small, the maximum current intensity Amax must 

be increased to ensure the same setting energy. However, this causes an increase in a 

thermal load on the excitation coil and thus a reduction in the efficiency of the drive. If 

the current rise time Atrise and the impact time Atimpact are chosen too large, the drive-in 

5 element moves so far away from the excitation coil already in the rising edge 410 that 

the repulsive force acting on the squirrel-cage rotor is reduced, which likewise lowers the 

efficiency of the drive.  

With a cross-sectional area of the excitation coil of for example 3 mm2 , a maximum 

10 current density in the excitation coil during the discharge of the capacitor is approximately 

2000 A/mm2 . If the maximum current density in the excitation coil is selected too low, the 

setting energy that can be achieved with an otherwise unchanged setting tool is reduced.  

To compensate for this, for example, the capacitor or the excitation coil must be 

enlarged, which would however increase the weight of the setting tool. If the maximum 

15 current density in the excitation coil is selected too high, a thermal load on the excitation 

coil increases, with the result that the efficiency of the drive is reduced.  

The capacitor and the excitation coil are arranged in an electrical oscillating circuit with 

a total resistance Rotal. The capacitor has a capacitance Ccap and a capacitor resistance 

20 Rcap. The excitation coil has a self-inductance Lcoi, and a coil resistance Rcoli. A ratio of 

the capacitor resistance Rcap to the total resistance Rotal is 0.14. If the ratio of the 

capacitor resistance Rcap to the total resistance Rotal is selected too large, a relatively 

large amount of heat loss occurs in the capacitor, as a result of which the efficiency of 

the drive is reduced.  

25 

A coil time constant Tcoil of the excitation coil results from a ratio of the self-inductance 

Lcoi, to the coil resistance Rcoi, and is for example 1000 pH/Q or 1 ms. If the coil time 

constant Tcoil selected too small, a current flow in the excitation coil increases too quickly, 

which reduces the efficiency of the drive. If the coil time constant Tcoil is selected too large, 

30 the current flow through the excitation coil is distributed over a relatively great period of 

time. This results in a reduced maximum current intensity Amax, which reduces the 

efficiency of the drive.  

In addition, the capacitor has a capacitor time constant Tcap = Ocap Rcap and the excitation 

35 coil has a coil time constant Tcoil = Lcoli/Rcol, wherein a ratio of the coil time constant Tcoil
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to the capacitor time constant Tcap is approximately 150. If the ratio of the time constants 

is selected too small, a relatively large amount of heat loss occurs in the capacitor, which 

reduces the efficiency of the drive.  

5 Fig. 4 illustrates an efficiency q of a drive of a setting tool in dependence on a piston 

mass mK of a drive-in element with a setting energy Ekin of 125 J. The efficiency Q has 

no unit, the piston mass mK is given in grams. A total efficiency Itotal of the drive results 

from a product of a recoil efficiency r and an electromagnetic efficiency em. The recoil 

efficiency iR decreases with increasing piston mass mK, since, with the same setting 

10 energy Ekin, an energy of a recoil of the setting tool increases with increasing piston mass 

mK and this recoil energy is lost. The electromagnetic efficiency em increases with 

increasing piston mass MK, since, with the same setting energy Ekin, an acceleration of 

the drive-in element decreases with increasing piston mass mK and thus a length of time 

for the drive-in element in the area of influence of the excitation coil increases. The piston 

15 mass mK at which the total efficiency total of the drive is at a maximum can be determined 

as 

mK = (c + d E',,) 

where c = 20 g, d = 30 gJ- and n = 1/3. In the present example (Ekin = 125 J), the piston 

20 mass mK = 170 g.  

Fig. 5 illustrates the relationship described above of the piston mass mK with the setting 

energy Ekin. As described in connection with Fig. 4, outside the range 

2 5 
- (c + d E',,) :5 m, !5 - c + d E',,) 

25 

according to the invention, the total efficiency total of the drive decreases significantly.  

By analogy with Fig. 4, the recoil efficiency iR also decreases with increasing piston 

diameter dK, since, with increasing piston diameter dK, the piston mass mK increases.  

30 Furthermore, the electromagnetic efficiency rem increases with increasing piston 

diameter dK, since, with increasing piston diameter d, a diameter of the squirrel-cage 

rotor increases, so that a repulsive force between the excitation coil and the squirrel

cage rotor also increases. The piston diameter d at which the total efficiency total of the 

drive is at a maximum for a given setting energy Ekin can be determined as
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dK= (a + b E',,) 

where a = 33 mm, b = 6 mmJ- and n =1/3. In the present example (Ekin = 125 J), the 

piston diameter dK= 63 mm.  

5 

Fig. 6 illustrates the relationship described above between the piston diameter dKand 

the setting energy Ekin. As described above, outside the range 

2 4 
- (a+ b E',,) 5 d, 5 -(a+ b E',,) 

10 according to the invention, the total efficiency Itotal of the drive decreases significantly.  

The invention has been described using a series of exemplary embodiments that are 

illustrated in the drawings and exemplary embodiments that are not illustrated. The 

individual features of the various exemplary embodiments are applicable individually or 

15 in any desired combination with one another, provided that they are not contradictory. It 

should be noted that the setting tool according to the invention can also be used for other 

applications.
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PATENT CLAIMS 

1. A setting tool for driving fastening elements into a substrate, in particular a hand

held setting tool, comprising a holder, which is provided for holding a fastening element, 

5 a drive-in element, which is provided for transferring a fastening element held in the 

holder into the substrate along a setting axis by a setting energy Ekin of at least 30 J and 

at most 600 J, a drive, which is provided for driving the drive-in element toward the 

fastening element along the setting axis, wherein the drive comprises an electrical 

capacitor, a squirrel-cage rotor arranged on the drive-in element and an excitation coil, 

10 which during discharge of the capacitor is flowed through by current and generates a 

magnetic field that accelerates the drive-in element toward the fastening element, 

wherein the drive-in element has a piston diameter dK and a piston mass mK, and 

wherein, for the piston diameter dK, 

2 4 
- (a+ b E',,) 5 d, 5 -(a+ b E',,) 

15 where a = 33 mm, b = 6 mmJ-1 and n = 1/3 and/or, for the piston mass mK, 

2 5 
- (c + d E',,) 5 m, 5 -(c + d E',,) 

where c = 20 g, d = 30 gJ- and n = 1/3.  

2. The setting tool setting tool as claimed in claim 1, wherein, for the piston diameter 

20 dK, 

(a + b E') 5 d 5 (a + b E').  

3. The setting tool as claimed in either of the preceding claims, wherein, for the 

piston mass MK, 

25 4(c + d E',) 5 m 5 7c + d E).  

4. The setting tool as claimed in one of the preceding claims, wherein a current 

intensity Aoli of the current flowing through the excitation coil during the discharge of the 

capacitor has a time profile with a rising edge, a maximum current intensity Amax and a 

30 falling edge, wherein the current intensity Aoli rises during a current rise time Atrise from 

0.1 times to 0.8 times the maximum current intensity Amax and during an impact time 

Atimpact is more than 0.5 times the maximum current intensity Amax, and wherein the
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current rise time Atrise is at least 0.020 ms and at most 0.275 ms and/or the impact time 

Atimpact is at least 0.15 ms and at most 2.0 ms.  

5. The setting tool as claimed in claim 4, wherein the current rise time Atrise is at 

5 least 0.05 ms and at most 0.2 ms and/or the impact time Atimpact is at least 0.2 ms and at 

most 1.6 ms.  

6. The setting tool as claimed in one of the preceding claims, wherein a maximum 

current density in the excitation coil during the discharge of the capacitor is at least 800 

10 A/mm 2 and at most 3200 A/mm 2.  

7. The setting tool as claimed in one of the preceding claims, wherein the capacitor 

and the excitation coil are arranged in an electrical oscillating circuit, and wherein the 

capacitor has a capacitance Ccap and a capacitor resistance Rcap, the excitation coil has 

15 a self-inductance Lcoi, and a coil resistance Rcoi, and the electrical oscillating circuit has a 

total resistance Rotal.  

8. The setting tool as claimed in claim 7, wherein a ratio of the capacitor resistance 

Rcap to the total resistance Rtotal is at most 0.6, in particular at most 0.5.  

20 

9. The setting tool as claimed in either of claims 7 and 8, wherein a ratio of the self

inductance Lcoi, to the coil resistance Rcoi, is at least 800 pH/Q and at most 4800 pH/Q.  

10. The setting tool as claimed in one of claims 7 to 9, wherein the capacitor has a 

25 capacitor time constant Tcap =Ocap Rcap and the excitation coil has a coil time constant Tcoil 

= Lcoii/Rcoli, and wherein a ratio of the coil time constant Tcoil to the capacitor time constant 

Tcap is at least 10.
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