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(57) ABSTRACT 

An electromagnetic actuator includes: a magnetic coil, 
which has a coil form having a coil winding situated on it 
and a central clearance extending in an axial direction; an 
armature slidably situated in the central clearance; a terminal 
piece situated on an axial end of the coil form, in which an 
actuating element is slidably Supported in the axial direction. 
The armature is movable by an actuation of the magnetic 
coil such that a force applied by the armature is transmitted 
to the actuating element. The actuating element is configured 
in two parts, including an actuating pin Supported in the 
terminal piece and a separator fixedly connected to the 
actuating pin on an end section of the actuating pin protrud 
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ing from the terminal piece in the direction of the armature 
and which is acted upon by the armature when the magnetic 
coil is actuated. 

10 Claims, 1 Drawing Sheet 
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ELECTROMAGNETIC ACTUATOR 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to an electromagnetic actua 

tor having a two-part actuating element. 
2. Description of the Related Art 
In modern passenger-car automatic transmissions, 

hydraulically actuated clutches are used for changing gears. 
In order for the shifting operations to proceed Smoothly and 
imperceptibly for the driver, it is necessary to adjust the 
hydraulic pressure on the clutches in accordance with pre 
defined pressure ramps with high pressure precision. The 
pressure required for this purpose may be provided with the 
aid of hydraulic slide valves, as they are known for example 
from published international patent application publication 
WO 2011/012366 A1. These slide valves may be actuated 
either via a pilot valve or directly via an electromagnetic 
actuator. Electromagnetic actuators may moreover also be 
used for actuating shift valves, developed as seated valves, 
in automatic transmissions or other applications. The flaw 
less functioning and installation of electromagnetic actua 
tors in an automatic transmission requires special measures. 
Often, for example, a force transmission element is required 
for actuating a slide valve, which is normally called an 
actuating element or actuating pin. 

Published German patent application document DE 10 
2006 011 078 A1 describes an electromagnetic actuator, 
which is called a Solenoid in this document, which has a 
magnetic coil, which has a coil form having a coil winding 
situated on it and a central clearance extending in an axial 
direction, in which an armature is situated sliding in a 
bearing sleeve. On an axial end of the coil form, a terminal 
piece covering the central clearance is developed, which is 
made up of a cone and a cone disk. An actuating rod is 
Supported in a sliding manner in the terminal piece, the 
armature being movable by an actuation of the magnetic coil 
Such that a force applied by the armature of the electromag 
netic actuator is transmittable to the actuating. rod. In the 
known electromagnetic actuator, the actuating rod is con 
nected in a fixed manner to the armature by a press-fit 
connection. 
The actuating rod known from Published German patent 

application document DE 10 2006 011 078A1 is fitted with 
a collar that is produced by an elaborate cutting process. 
Since the collar is not formed while the actuating rod is 
mounted on the armature, but must be produced ahead of 
time by cutting, it is not possible flexibly to adapt during 
installation the length of the actuating rod that is protruding 
from the armature to the individual conditions. The collar 
acts at the same time also to prevent a magnetic bonding in 
that, by situating the collar between the pole of the armature 
and an opposite pole of the terminal piece, the Surfaces of the 
two poles are prevented from touching each other. Since the 
collar for this purpose must be made from non-magnetic 
material, the entire actuating rod must also be made from 
non-magnetic material, which has the consequence that the 
material of the actuating rod cannot be selected in optimized 
fashion with respect to force transmission capacity and wear 
with regard to stability and hardness. Moreover, the actuat 
ing element made from a non-magnetic material has a 
greater thermal expansion than the terminal piece made from 
magnetic material, in which the actuating rod is supported in 
a bore in sliding fashion. This has the consequence that with 
rising temperature the running clearance required by the 
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2 
actuating rod is reduced and particles present in a gap 
between the bore and the actuating rod may cause the 
actuating rod to seize. 

Since the collar furthermore has only a very small elas 
ticity of its own, the impulse forces occurring when there is 
impact stress become very high. In order to avoid wear, the 
actuating rod must therefore be designed as having a rela 
tively large diameter in order to keep the occurring Surface 
pressures low. Due to the size of the actuating rod, the 
actuating rod is relatively expensive and causes a consider 
able pump effect when the armature moves in the bore, 
which may transport contaminated oil into the magnet. 

Because of the fixed connection between the armature and 
the actuating rod, the sleeve bearing of the actuating rod 
must additionally absorb magnetic transverse forces, which 
results in an increased magnetic force hysteresis. In the 
known design approach there is additionally the danger that 
the manufacturing-related eccentricity between the bearing 
points on the armature and on the actuating rod may cause 
jamming. In order to prevent the moving parts from jam 
ming, the sleeve bearing of the actuating rod must be 
designed to be relatively short so as to allow for inclinations, 
which, if necessary, are able to compensate for a manufac 
turing-related eccentricity. The short bearing, however, has 
the disadvantage that dirt-sealing effect is clearly reduced. 
The objective of the present invention is to provide an 

electromagnetic actuator that avoids the disadvantages 
described above. 

BRIEF SUMMARY OF THE INVENTION 

The above objective is achieved by an electromagnetic 
actuator according to the invention, in which a two-part 
actuating element is provided that has an actuating pin 
Supported in a terminal piece of the magnetic coil as well as 
a separator, which is fixedly connected to the actuating pin 
at an end section of the actuating pin protruding from the 
terminal piece in the direction of the armature and which is 
acted upon by the armature when the magnetic coil is 
actuated. 
The two-part structure of the actuating element advanta 

geously makes it possible to select different materials for the 
actuating pin and the separator. Thus the actuating pin may 
be developed from hardened steel, for example, it being 
possible to make use of commercially available cost-effec 
tive needle rollers made of hardened steel for use in a needle 
roller bearing. The separator may be advantageously manu 
factured from non-magnetic steel. 
The actuating pin is advantageously not fixedly connected 

to the armature and has a bearing of its own independently 
of the bearing of the armature Such that no magnetic 
transverse forces act on the bearing of the actuating pin and 
no disadvantageous tilting can occur between a bearing 
point for the armature and a bearing point for the actuating 
pin. 

Advantageously, the actuating element largely seals off 
the Solenoid hydraulically Such that gear-wheel abrasion 
contained in the transmission oil cannot enter into the 
interior of the solenoid. This seal may be technically imple 
mented as a clearance seal in the form of a clearance fit. For 
this purpose, it is advantageous that due to the two-part 
design of the actuating element the sliding bearing clearance 
may be designed to be long and having a small running 
clearance. The actuating pin of the actuating element may be 
advantageously optimized with regard to form and material 
in that the actuating element is Supported in a low-friction 



US 9,541,215 B2 
3 

and wear-free manner and an impairment of the magnetic 
force through friction losses is avoided. 

Because a relatively hard material may be selected as the 
material of the actuating pin independently of the design of 
the separator, the actuating element is able to transmit high 
forces in the event of quick pressure changes, which arise in 
the use of the electromagnetic actuator for example in 
combination with a slide valve by impulse transmissions 
between the actuating element and the slide valve in 
dynamic operation. 

In the selection of the material of the actuating pin, the 
material may be advantageously chosen Such that the ther 
mal expansion of the actuating pin differs as little as possible 
from the thermal expansion of the material of the bearing 
point developed in the terminal piece even when there is 
little play of the actuating pin in the terminal piece. The 
terminal piece may be for example a magnetic flow disk of 
the electromagnetic actuator. The described measure advan 
tageously prevents micro-particles that fit into the clearance 
Such as abrasion and dirt from the transmission oil in the 
event of temperature change stresses get stuck in the sliding 
bearing clearance of the actuating element. 

It is particularly advantageous that the separator, inde 
pendently of the material selection for the actuating pin, may 
be produced from a non-magnetic material, in particular 
from non-magnetic metal and very particularly from non 
magnetic steel. The non-magnetic separator advantageously 
prevents a magnetic adhesion of the armature on the yoke of 
the pole tube. 

The separator advantageously has at least one laterally 
projecting shoulder, which limits the maximum displace 
ment path of the actuating pin in the terminal piece by 
making contact with the terminal piece or a component 
connected to the terminal piece when the separator is acted 
upon by the armature. This makes it possible to set the 
maximum displacement path of the actuating pin. In addi 
tion, this ensures that the actuating pin is designed so that is 
cannot be lost in transport and installation. 

In a particularly advantageous exemplary embodiment, 
the electromagnetic actuator has a separator developed in a 
cup-shaped manner. The cup-shaped separator may be 
manufactured cost-effectively for example by deep drawing, 
a non-magnetic material being preferably used for this 
purpose in order to prevent magnetic adhesion. The cup 
shaped sliding piece advantageously has a high degree of 
elasticity when force is applied in the axial direction. As a 
result, the impulse forces in the event of shocks remain 
advantageously low and the actuating pin and the separator 
may also be formed by relatively small components. 
The actuating pin may be inserted in a very simple manner 

by one end section into the cup-shaped separator. Particu 
larly advantageously, the cup-shaped separator may be 
pressed or shrunk onto the actuating pin, a firm connection 
being thereby achieved between the actuating pin and the 
separator. After having been pressed on, the separator is thus 
fastened to the actuating pin in an immovable manner with 
respect to the maximum forces occurring in operation. The 
pressed-on cup-shaped separator advantageously acts at the 
same time as a loss protection so that the actuating pin 
cannot detach from the magnet in transport. 
The cup-shaped separator advantageously has a cylinder 

sleeve, a bottom and, on its end facing away from the 
bottom, a laterally projecting collar, which limits the maxi 
mum displacement path of the actuating pin in the terminal 
piece by making contact with the terminal piece or a 
component connected to the terminal piece when the non 
magnetic separator is acted upon by the armature. 

5 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
The fact that the actuating pin has a length L1 and that the 

cup-shaped separator is pressed or shrunk onto the actuating 
pin to such an extent that the distance between the collar and 
an end of the actuating pin facing away from the armature 
forms a linear measure that is set with respect to the axial 
thickness of the terminal piece in Such a way that the 
actuating pin, when the collar makes contact with the 
terminal piece or with a component connected to it, pro 
trudes from the terminal piece on its side facing away from 
the armature by a defined distance measure L3 advanta 
geously makes it possible that in the press-in process the 
relevant length of the actuating pin is able to be set very 
precisely and as a function of the dimensions of the terminal 
piece so that part fluctuations or process fluctuations are able 
to be compensated. Since the solenoids used in the electro 
magnetic actuator often do not have a horizontal force-path 
profile, but are rather implemented having a position-depen 
dent force, the distance measure L3 determines the level of 
magnetic force and thus the precision of the pressure ramp 
to be set of a hydraulic pressure-regulating valve. In the 
electromagnetic actuator according to the present invention, 
the distance measure L3 may be set very precisely and 
advantageously individually. 
An advantageous exemplary embodiment provides a pole 

tube inserted into the central clearance of the coil form, 
which pole tube has at its outer circumference a clearance, 
the armature being Supported in the pole tube in sliding 
fashion and an end of the pole tube facing the armature on 
the side of the terminal piece having a yoke that is developed 
in one piece on the pole tube, a through hole being devel 
oped in the yoke, the diameter of which is dimensioned in 
such a way that the separator is movable back and forth in 
the through hole. The yoke and the armature advantageously 
form mutually facing pole faces, whose maximum approach 
is limited by the length of the separator when making contact 
with the terminal piece. 
The electromagnetic actuator-is particularly advanta 

geously Suited for use in an electromagnetic pressure-regu 
lating valve, in particular for setting a hydraulic pressure in 
a hydraulic line of a motor vehicle transmission. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows an exemplary embodiment for an electro 
magnetic actuator according to the invention having a sole 
noid including a pole tube. 

FIG. 2 shows the structure of the actuating element from 
FIG. 1 on the basis of an enlarged detail representation. 

DETAILED DESCRIPTION OF THE 
INVENTION 

FIG. 1 shows an electromagnetic actuator, which may be 
used preferably for controlling a slide valve (not shown) for 
a hydraulic transmission clutch. Such a combination of an 
electromagnetic actuator and a slide valve is known for 
example from published international patent application 
document WO 2011/012366 A1, so that no further details 
will be provided here. The electromagnetic actuator, how 
ever, may also be used to actuate another actuator, for 
example to actuate a shift valve in seat-type construction. 
As may be seen in FIG. 1, the electromagnetic actuator 

includes a Solenoid 1, which is made up of a magnetic coil 
2 and an armature 5, and which preferably has a pole tube 
10. Magnetic coil 2 has a coil form 3 bearing a coil winding 
4, which is developed for example rotationally symmetri 
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cally with respect to an axial directiona. Coil form 3 has an 
electrical terminal 21 projecting from it in the radial direc 
tion for example. 

Coil form 3 has a preferably cylindrical central clearance 
13, which penetrates the coil form completely. In the exem 
plary embodiment shown here, a magnetic pole tube 10 is 
inserted into central clearance 13. Pole tube 10 has a 
cylinder sleeve that has a clearance 23 on its outer circum 
ference. This clearance 23 influences the magnetic flux 
through pole tube 10. Pole tube 10 combines two compo 
nents used in older Solenoids into one single component, that 
is, a magnet core for radially feeding the magnetic flux into 
an armature 5 having a pole core, which acts as the magnetic 
pole complementary to the armature. Clearance 23 is devel 
oped for example as a V-shaped groove and prevents a 
magnetic short circuit. The magnetic iron cross-section 
reduced in this manner in the clearance or groove already 
enters a state of Saturation in response to low coil currents 
and thereby acts like an air gap between a magnet core and 
a pole piece. The exemplary embodiment having the pole 
tube is to be regarded as a preferred specific embodiment. 
The design approach according to the present invention, 
however, is not limited to this and may also be used in 
Solenoids having no pole tube. 

Pole tube 10 has a cylinder sleeve having an inner 
clearance 20, which penetrates pole tube 10 up to a magnet 
yoke 14, which is developed on the left end of the pole tube 
shown in FIG. 1. Magnetic yoke 14 has a through hole 22. 
In inner clearance 20 of pole tube 10, a cylindrical armature 
5 is supported in a sliding manner. Armature 5 in turn has a 
central inner bore 25, into which an armature bolt 26 is 
pressed. Armature 5 moves back and forth in inner clearance 
20 of pole tube 10 as a function of the electromagnetic force 
of magnetic coil 2 and the counteracting forces acting on 
armature 5 via an actuating element 6 and, possibly, a spring 
(not shown). 
A pole disk 27 is mounted on pole tube 10 on the right 

front-side end of coil form 3 in FIG. 1. Pole disk 27 rests on 
the pole tube on a conically projecting end area 24 of the 
pole tube. Coil form 3 in turn engages by a projection 28 into 
pole disk 27. Pole disk 27 has a central circular clearance, 
through which a collar 29 of pole tube 10, which collar 29 
Surrounds inner clearance 20, engages. Armature 5 may be 
simply inserted from the right side in FIG. 1 into inner 
clearance 20. Coil form 3 is surrounded by a housing jacket 
31, which is closed on its right end in FIG. 1 by a cover 30 
covering pole disk 27. 
On the left end of coil form 3 in FIG. 1, a terminal piece 

9 is mounted on the front side of coil form 3, which 
overreaches central clearance 13. Terminal piece 9 forms a 
magnetic flow disk and is developed essentially preferably 
in a disk-shaped manner having an axial thickness D. A 
projection 32 of the plastic casing of electrical terminal 21 
engages around terminal piece 9 and thus fixes it in position 
on coil form 3. Disk-shaped terminal piece 9 contains a 
through-bore that forms a sliding bearing for actuating 
element 6. 
As may be seen better in FIG. 2, actuating element 6 is 

developed in two parts and includes an actuating pin 7 and 
a separator 8. Actuating pin 7 is preferably formed by a 
commercially available needle roller (long cylindrical roll 
ing element) manufactured for use in needle roller bearings, 
which are especially robust and cost-effective. The actuating 
pin is in particular made from hardened steel. The ends of 
the actuating pin are preferably rounded off, as may be seen 
clearly in FIG. 2. The actuating pin has a length L1 between 
a first end 16 and a second end 15 facing away from the first 
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6 
end 16 in the axial direction a. A portion of the geometric 
extension of actuating pin 7 before second end 15 forms an 
end section 17. A cup-shaped separator 8 is pressed or 
shrunk onto this end section 17. Cup-shaped separator 8 is 
preferably manufactured as a deep-drawn part from non 
magnetic material and has a cylinder sleeve 18, a bottom 19 
and a laterally projecting collar 12 on its end facing away 
from bottom 19. The cup-shaped separator is preferably 
made from non-magnetic steel. 

Pressing separator 8 onto actuating pin 7 creates a com 
posite component forming actuating element 6, in which 
separator 8 and actuating pin 7 are fixedly connected to each 
other. When actuating pin 7 is pressed on, a measure of 
length L2 is thereby set between the end 16 of actuating pin 
7 that is not inserted into separator 8 and collar 12. The 
measure of length L2 is set with respect to the axial 
thickness D of terminal piece 9 in Such a way that actuating 
pin 7, when collar 12 makes contact with terminal piece 9 or 
a component connected thereto, protrudes from terminal 
piece 9 by a defined distance measure L3 on the side of 
terminal piece 9 facing away from armature 5, as may be 
seen clearly especially in FIG. 1. 

FIG. 1 shows that armature 5 is pulled in pole tube 10 to 
the left toward yoke 14 when the magnetic coil is actuated. 
This results in an approach of the mutually facing pole faces 
33 of yoke 14 and armature 5, and armature 5 comes into 
contact with armature bolt 26, which is press-fit fixedly in 
the armature, on the bottom 19 of separator 8 and moves the 
latter to the left in FIG. 1 until collar 12 makes contact with 
terminal piece 9 as shown. The actuating pin 7 fixedly 
connected to separator 8 is thereby shifted in its bearing bore 
on terminal piece 9 to the left until is protrudes by distance 
measure L3 from terminal piece 9 on the side of terminal 
piece 9 facing away from the armature. In this position, 
actuating pin 7 cannot be shifted further to the left, and 
armature 5 now presses separator 8 with collar 12 against 
terminal piece 9. The non-magnetic separator 8 thus sepa 
rates pole faces 33 of yoke and armature. Since separator 8 
is made of non-magnetic material, a magnetic adhesion on 
magnetic terminal piece 9 or armature 5 is prevented. 
Separator 8 advantageously has an elasticity to dampen the 
shock when making contact with terminal piece 9. FIG. 1 
shows that the diameter of through hole 22 of yoke 14 of 
pole tube 10 is of such a size that separator 8 including 
laterally protruding collar 12 may be moved readily back 
and forth within it. Distance measure L3 is required in order 
for example to shift a slide piston in a pressure-regulating 
valve. This slide piston may be spring-loaded, for example, 
such that when solenoid 1 is switched off the spring-loaded 
slide piston presses the actuator pin together with the 
separator to the right in FIG. 1, and armature 5 is shifted 
back into its initial position. This resetting may also occur in 
a different manner however. 

It is to be understood that it is not necessary for collar 12 
of separator 8 to make contact with terminal piece 9. Rather, 
it is also possible for this collar to make contact with an 
intermediate part (not shown), for example a disk or a 
protrusion of pole tube 10. Instead of a cup-shaped separa 
tor, a differently configured separator may be used as well. 
Collar 12 may possibly be replaced by a lateral nub or 
protrusion on the separator. Instead of the pole tube, another 
structure of the Solenoid having a magnet core, a pole body 
and a sleeve may be selected, in which the armature is 
situated in sliding fashion. 
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What is claimed is: 
1. An electromagnetic actuator, comprising: 
a magnetic coil, which has a coil form and a coil winding 

situated on the coil form, wherein the coil form has a 
central clearance extending in an axial direction; 

an armature slidably situated in the central clearance: 
a terminal piece situated on an axial end of the coil form: 

and 
an actuating element supported in the terminal piece, the 

actuating element being slidable in the axial direction 
of the coil form: 

wherein the armature is configured to be movable by an 
actuation of the magnetic coil such that a force applied 
by the armature of the electromagnetic actuator is 
transmitted to the actuating element, and wherein the 
actuating element is configured in two parts and has (i) 
an actuating pin supported in the terminal piece and (ii) 
a separator which is connected in a fixed manner to the 
actuating pin on an end section of the actuating pin 
protruding from the terminal piece in the direction of 
the armature and on which the armature acts when the 
magnetic coil is actuated, 

wherein the separator is made from a non-magnetic 
material, and 

wherein the actuating pin is not fixedly connected to the 
armature and includes a bearing independently of a 
bearing of the armature. 

2. The electromagnetic actuator as recited in claim 1, 
wherein the separator is configured in the form of a cup. 

3. The electromagnetic actuator as recited in claim 1, 
wherein the separator has at least one laterally projecting 
shoulder which limits the maximum displacement path of 
the actuating pin in the terminal piece by making contact 
with one of the terminal piece or a component connected to 
the terminal piece when the separator is acted upon by the 
armature. 

4. The electromagnetic actuator as recited in claim 2, 
wherein the actuating pin is inserted by the end section 
protruding from the terminal piece in the direction of the 
armature into the cup-shaped separator. 

5. The electromagnetic actuator as recited in claim 4, 
wherein the cup-shaped separator is one of pressed or shrunk 
onto the actuating pin. 

6. The electromagnetic actuator as recited in claim 1, 
wherein the electromagnetic actuator is part of an electro 
magnetic pressure-regulating valve for setting a hydraulic 
pressure in a hydraulic line. 

7. The electromagnetic actuator as recited in claim 1, 
wherein the non-magnetic material includes non-magnetic 
steel. 

8. An electromagnetic actuator, comprising: 
a magnetic coil, which has a coil form and a coil winding 

situated on the coil form, wherein the coil form has a 
central clearance extending in an axial direction; 

an armature slidably situated in the central clearance; 
a terminal piece situated on an axial end of the coil form: 
and 

an actuating element supported in the terminal piece, the 
actuating element being slidable in the axial direction 
of the coil form: 

wherein the armature is configured to be movable by an 
actuation of the magnetic coil such that a force applied 
by the armature of the electromagnetic actuator is 
transmitted to the actuating element, and wherein the 
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8 
actuating element is configured in two parts and has (i) 
an actuating pin supported in the terminal piece and (ii) 
a separator which is connected in a fixed manner to the 
actuating pin on an end section of the actuating pin 
protruding from the terminal piece in the direction of 
the armature and on which the armature acts when the 
magnetic coil is actuated, 

wherein the separator is made of a non-magnetic material, 
wherein the separator is configured in the form of a cup, 
wherein the actuating pin is inserted by the end section 

protruding from the terminal piece in the direction of 
the armature into the cup-shaped separator, 

wherein the cup-shaped separator is one of pressed or 
shrunk onto the actuating pin, and 

wherein the cup-shaped separator has a cylinder sleeve, a 
bottom, and, on an end facing away from the bottom, 
a laterally projecting collar which limits the maximum 
displacement path of the actuating pin in the terminal 
piece by making contact with one of the terminal piece 
or a component connected to the terminal piece when 
the separator is acted upon by the armature. 

9. The electromagnetic actuator as recited in claim 8, 
wherein the actuating pin has a first length and the cup 
shaped separator is one of pressed or shrunk onto the 
actuating pin to such an extent that the distance between the 
collar and an end of the actuating pin facing away from the 
armature forms a measure of a second length that is set with 
respect to the axial thickness of the terminal piece in such a 
way that the actuating pin protrudes from the terminal piece 
by a defined third distance on the side of the terminal piece 
facing away from the armature when the collar makes 
contact with the one of the terminal piece or the component 
connected to the terminal piece. 

10. An electromagnetic actuator, comprising: 
a magnetic coil, which has a coil form and a coil winding 

situated on the coil form, wherein the coil form has a 
central clearance extending in an axial direction; 

an armature slidably situated in the central clearance: 
a terminal piece situated on an axial end of the coil form: 
an actuating element supported in the terminal piece, the 

actuating element being slidable in the axial direction 
of the coil form: 

wherein the armature is configured to be movable by an 
actuation of the magnetic coil such that a force applied 
by the armature of the electromagnetic actuator is 
transmitted to the actuating element, and wherein the 
actuating element is configured in two parts and has (i) 
an actuating pin supported in the terminal piece and (ii) 
a separator which is connected in a fixed manner to the 
actuating pin on an end section of the actuating pin 
protruding from the terminal piece in the direction of 
the armature and on which the armature acts when the 
magnetic coil is actuated; 

a pole tube inserted into the central clearance of the coil 
form, wherein the pole tube has at the outer circum 
ference a clearance, the armature is slidably supported 
in the pole tube, and an end of the pole tube facing the 
armature on the side of the terminal piece has a yoke 
configured as one piece on the pole tube, and wherein 
a through hole is provided in the yoke, the diameter of 
the through hole being dimensioned in such a way that 
the separator is movable back and forth in the through 
hole. 


