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RELEASE APPARATUS

The present invention relates to a release apparatus for releasing a satellite, said
release apparatus comprising a release plunger which can be preloaded by a
release spring and which is held in a preloaded position by two two-armed pivot
levers pivotable about a respective pivot axis, wherein each pivot lever can be
held against the force of a spring in a holding position by a release element.

Such a release apparatus is, for example, known from DE 10 2016 108 606 Al
and there serves for the release of holding bolts of a cover to release or eject a
satellite. A further release apparatus for releasing a satellite is known from

WO 2021/089167 Al. In the apparatus described in this prior art, a satellite
fastened to a ring is ejected by means of the release apparatus in that the release

apparatus releases a spring-loaded pivot bolt.

Release apparatus of the above-described kind are usually transported into the
orbit by means of carrier rockets and may in so doing be subject to high shock
loads under certain circumstances. It is therefore the object of the present
invention to provide a release apparatus of the initially named kind which also

ensures a proper release in the case of high shock loads.

This object is satisfied by the features of claim 1 and in particular in that one arm
of each pivot lever is provided with an additional weight. With such an additional
weight, the mass at both arms of a pivot lever can be set or distributed such that
the two-armed pivot lever is subjected to no torque or only a very small torque in
the event of an impact load or shock load since the torques at both sides of the
pivot axis of a pivot lever compensate one another. An accidental release of the

release apparatus in the event of impact-like loads can hereby prevented.
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Advantageous embodiments of the invention are described in the description, in

the drawing, and in the dependent claims.

According to a first advantageous embodiment, the mass and the position of the
additional weight can be selected such that the center of gravity of each pivot
lever, including all the parts connected to said pivot lever, lies in a region of a pivot
axis of said pivot lever. Thus, attachments which, for example, cooperate with the
release element can be attached to the pivot lever, for example. If the mass of all
the components fixedly connected to the pivot lever, i.e. all the components which
pivot together with the pivot lever, is considered, the mass and the position of the
additional weight at the pivot lever can be selected such that an impact exerted on
the release apparatus or the pivot lever does not cause the pivot lever to rotate in

an unwanted manner and to detach from the release element.

According to a further advantageous embodiment, the additional weight can
comprise tungsten and can in particular consist of tungsten or of a tungsten alloy.
Due to the high specific weight, tungsten is particularly easily suitable for the
manufacture of the additional weight since this material has an exceptionally high
density and thus also makes it possible for the total release apparatus to have a

compact design.

According to a further advantageous embodiment, the pivot levers can contact a
locking rocker, which is fastened to the release plunger, in the holding position. It
can be achieved by such a locking rocker that, after actuating a release element,
only one of the pivot levers is pivoted, whereupon the locking rocker is no longer
held by both pivot levers so that it pivots and thereby enables a displacement of

the release plunger. The release plunger can hereby itself be configured as a

single-piece component.
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According to a further advantageous embodiment, a latch element can be
provided which, for example, locks the pivot rocker in a position of rest or in a
pivoted position. Such a latch element can, for example, be spring-loaded and can
ensure that the pivot rocker is held in its pivoted position after the release and
does not pivot back in an unwanted manner by itself, whereby a further locking of
the release plunger would be blocked under certain circumstances. Alternatively or
additionally, the locking rocker can also latch in in its position of rest in which both
pivot levers contact the pivot rocker and hold it symmetrically from two sides so
that the release plunger cannot be pressed into the release position by the release

spring.

According to a further advantageous embodiment, the release apparatus can be
arranged in a closed housing which is provided with a plurality of mechanical
indicators that indicate a state of the release apparatus. Thus, an indicator can, for
example, be provided which indicates whether the release plunger is in its
preloaded position or in its release position in which the release spring has
displaced the release plunger. Furthermore, at least one indicator can be provided
that indicates the position of a pivot lever to an operator, i.e. indicates whether the
pivot lever is in its preloaded position of rest or in its release position that enabled

a displacement of the release plunger.

According to a further advantageous embodiment, at least one indicator can be

configured as an actuation element so that a displacement of the release plunger
or a pivoting of a pivot lever is, for example, possible due to a manual actuation of
the indicator. In this way, the release apparatus can be set by an operator without
additional tools so that the release plunger is preloaded by the release spring and

the two pivot levers hold the release plunger in its preloaded position.
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According to a further advantageous embodiment, the release spring can be
accommodated in an indicator so that it is accommodated in a space-saving and

protected manner.

According to a further advantageous embodiment, in the preloaded position, the
release plunger is acted on by a spring-loaded latch transversely to the
longitudinal axis of said release plunger, which has the advantage that the spring
force of the latch does not act against the spring force of the release plunger.
Since such a spring-loaded latch serves to cause the release of the satellite, such
a latch is usually acted on by a high spring force. However, since this spring force
extends transversely to the spring force of the release spring in this embodiment, it
does not first have to be overcome on a release of the apparatus so that smaller

springs can be used.

According to a further advantageous embodiment, the release plunger can be
guided by a fixed roller which in particular absorbs the force of a spring-loaded
latch. It is hereby ensured that the release plunger is not acted on by lateral forces

or is subject to undesirable bending in its preloaded position.

According to a further advantageous embodiment, a longitudinal axis of a release
element, for example of a holding magnet, can enclose an angle of approximately
15° to 25° with the longitudinal axis of the release plunger. Due to such a relatively
small acute angle between the release element and the release plunger, a very
compact design can be achieved.

According to a further advantageous embodiment, the release apparatus can be
arranged in a closed housing which has a length in parallel with the longitudinal
axis of the release plunger and a width transverse to said longitudinal axis and
transverse to the pivot axes of the pivot levers, wherein the width is larger and in

particular one and a half times to twice as large as the length. A very compact
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parallelepiped-shaped arrangement, which can be installed at a satellite ejection
device in this manner, is hereby achieved such that all the masses are arranged
as close as possible to the installation plane, which has a positive effect against an

oscillation of the system at low frequencies.

According to a further advantageous embodiment, the release apparatus can be
arranged in a closed housing which has an opening into which a tool for an
emergency release of a pivot lever can be inserted. Thus, a screwdriver can, for
example, be inserted between the release element and a pivot lever which is held
by the release element such that the pivot lever can be separated from the release
element. In this way, it is not necessary to open the housing or to initiate an

electrical or electronic release.

According to a further advantageous embodiment, a latch preloaded by a spring
can be provided and can be transferred by the release plunger into a release
position, wherein two sensors connected in parallel, in particular two reed
contacts, are provided by which the release position of the latch can be detected.
Due to such a sensor system, a redundant determination can be made as to
whether the release apparatus has been properly released and the latch has

moved properly into its release position in which a satellite can be ejected.
The present invention will be described in the following purely by way of example
with reference to an advantageous embodiment and to the enclosed drawings.

There are shown:

Fig. 1 a plan view of a release apparatus with an open housing and

a preloaded release plunger;

Fig. 2 the release apparatus of Fig. 1 in the released state;
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6
Fig. 3 the apparatus of Fig. 1 in another part sectional
representation;
Fig. 4 the apparatus of Fig. 2 in another part sectional

representation; and

Fig. 5 a perspective partly sectioned representation of the release

apparatus.

Fig. 1 shows a release apparatus for releasing a satellite (not shown), said release
apparatus having an approximately parallelepiped-shaped housing 10 which is
shown open in the Figures, but can be closed by a cover. In the housing, a linearly
displaceable release plunger 12 is located which is pressed into a preloaded
position (Fig. 1 and Fig. 3) by a release spring 14 (cf. Fig. 3 and Fig. 4) and which
can be displaced into its released position (Fig. 2 and Fig. 4) by the release

spring 14.

A respective release element in the form of a magnet 16 and 18 is arranged at
both sides of the release plunger 12. The two magnets 16 and 18 are, for
example, configured as permanent magnets and can have a magnetic counter-
field applied to them by a device, not shown in more detail, for example an electric

coil, so that the holding force of the magnet is reduced.

To hold the release plunger 12 in its preloaded position, a respective two-armed
pivot lever 20 and 22 is provided at both sides of the release plunger 12, wherein
each pivot lever is pivotable about a pivot axis S1 and S2 extending perpendicular
to a longitudinal axis L of the release plunger 12. A contact plate 24, 26, which
consists of ferromagnetic material and which is attracted to and held by the
associated magnet 16, 18 in the de-energized state, is attached to one arm Al of

each pivot lever 20, 22. Each pivot lever 20, 22 is hereby held against the force of
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a spring 28, 30 in the holding position shown in Figs. 1 and 3 in which the release

plunger 12 is held in its preloaded position.

For this purpose, the respective other arm A2 of each pivot lever 20, 22 contacts
an approximately diamond-shaped locking rocker 32 which is pivotably fastened to
the release plunger 12, and indeed about an axis extending in parallel with the

pivot axes S1 and S2.

As Fig. 1 and Fig. 3 further illustrate, a pivot bolt 36 loaded by a spring 34 contacts
one end of the release plunger 12 and is located in its locked position in Fig. 1 and
Fig. 3. When the release plunger 12 has moved downwardly along the longitudinal
axis L by the force of the spring 14 in Fig. 1 or Fig. 4, the pivot bolt 36 pivots by the
force of the spring 34 into the position shown in Figs. 2 and 4 and thereby releases
a component of a satellite ejection unit (not shown in more detail), such as is

described in the initially mentioned prior art.

The contact of the pivot bolt 36 at the release plunger 12 takes place via a roller
38 which is fastened to the pivot bolt 3, which contacts the release plunger 12 in
the non-released state, and which exerts a force perpendicular to the longitudinal
axis L. To absorb this force, the release plunger 12 is guided by a fixed roller 40
supported in the housing 10 so that no transverse forces are exerted on the

release plunger 12.

As a comparison of Figs. 1 and 2 or Figs. 3 and 4 shows, the release plunger 12
shifts on the actuation of the release device (downwardly in the Figures) so that
the pivot bolt 36 with its roller 38 no longer contacts the release plunger 12, but

can pivot pulled by the spring 34, whereby the satellite is released.

In operation, the release apparatus described above is closed by a housing cover,

not shown, and electronics provided in the interior of the housing 10 are connected
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to release electronics via the electrical connectors A and B shown. However, to
still be able to recognize the position in which the release plunger 12 and the pivot
arms 20 and 22 are located when the housing is closed, a total of three indicators
42, 44, and 46 are provided in the embodiment shown that are simultaneously
configured as actuation elements. The indicators 42 to 46 are guided through the
housing 10 and are spring-loaded. When the pivot levers 20 and 22 are in their
preloaded position (Fig. 1 and Fig. 3) in which the contact plates 24, 26 contact the
magnets 16, 18, the indicators 42 and 44 are pushed by their springs towards the
housing interior so that they do not project from the housing 10. However, in the
released state (cf. Fig. 2 and Fig. 4), the indicator 44 has been pushed out of the
housing 10 by the pivot lever 22 so that it can be seen from the outside that the
pivot lever 22 is in a released position. At the same time, it is possible by actuating
the indicator 44 to pivot the pivot lever 22 back against the force of its spring 30 so
that said pivot lever 22 again contacts the magnet 18 with its holding plate 26 and

is held by said magnet 18. The same functionality is available to the indicator 42.

As in particular Figs. 3 to 5 illustrate, the release spring 14 is accommodated in the
indicator 46. Thus, the release spring 14 can be compressed by a pressure on the
indicator 46, whereby the release plunger 12 moves linearly along its longitudinal
axis L (to the left in Fig. 5), while one end of the release spring 14 contacts a wall
fixed to the housing. A manual preloading of the release plunger 12 is hereby

possible.

The operation of the above-described release apparatus will be explained below.

To bring the above-described release apparatus into a state ready for operation,
the release plunger 12 first has to be moved into its preloaded position and held
there. For this purpose, the indicator 46 is first pressed against the force of the

release spring 14 from the position shown in Fig. 2 along the longitudinal axis L

towards the housing interior so that the release plunger 12 and the locking
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rocker 32 are approximately in the position shown in Fig. 1. Thereupon, the first
indicator 42 and/or the second indicator 44 can likewise be pushed into the
housing interior so that the pivot levers 20 and 22 are pivoted against the force of
the springs 28 and 30 until the contact plates 24 and 26 contact the magnets 16
and 18 and are held by them. This position is reached when the markings 48
provided at the indicators 42 and 44 are no longer visible. In this state, the
indicator 46 can be released so that the locking rocker 32 is uniformly held by the
arms A2 of the pivot levers 20 and 22 from both sides. In this state, the marking 50
of the indicator 46 is also no longer visible and the release apparatus is in the
state shown in Fig. 1 and Fig. 3.

For the release, an electrical release signal is transmitted via the electrical
connectors A or B shown to the control electronics provided in the interior of the
housing 10, whereupon the magnetic field of the magnet 16 or of the magnet 18 is
weakened by an electrical coil or the like to such an extent that the associated
contact plate 24, 26 releases from the magnet and the associated pivot lever is
pivoted by the spring 28 or 30. If, for example, the holding force of the magnet 18
is weakened, the contact plate 26 releases from the magnet 18 and the pivot lever
22 pivots clockwise about its pivot axis S2. A roller provided at the end of the short
arm A2 of the pivot lever 22 hereby rolls off from the side of the locking rocker 32,
whereby the release plunger 12 is no longer held in its position. Due to the force of
the spring 14, the release plunger 12 is pulled downwardly along its longitudinal
axis L (in Figs. 1 and 3), whereupon the locking rocker 32 is likewise pivoted
clockwise and the release plunger 12 moves into the position shown in Fig. 2 and
Fig. 4. In this position, the pivot bolt 36 is no longer held so that it is pivoted
counterclockwise by the force of the spring 34 until it is in the position shown in
Fig. 2 and Fig. 4. In this position, the ejection unit, not shown in more detall, is
unlocked and the satellite can be ejected (usually by the force of springs).
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If the release by one of the two magnets is unsuccessful for any reason, the
respective other magnet can be weakened in its magnetic field to nevertheless

achieve a release.

To be able to check whether the apparatus has been properly released, a magnet
52 is installed in the pivot bolt 36 in the embodiment shown. If the pivot bolt 36
moves into the position shown in Fig. 2 and Fig. 4, the magnet 52 is located in the
region of two reed sensors which are connected in parallel and which are arranged
at an electronic circuit board, not shown, in the housing. A redundant monitoring of
the release process can hereby take place. The two reed sensors only generate a
switching signal, which can be evaluated and read out by the associated

electronics, when the pivot bolt 36 is in the released position.

To prevent the locking rocker 32 from pivoting back on its own after the release
process and thus blocking the release plunger under certain circumstances before
a further locking, a latch device 54 (Fig. 5) is provided in the release plunger 12
and locks the locking rocker in its release position (Fig. 1 and Fig. 3) and in its
released position (Fig. 2 and Fig. 4). For this purpose, a spring is accommodated
in the release plunger 12 and applies a force to a ball which can engage into a
respective recess of the locking rocker 32. Therefore, the locking rocker 32 has

three defined latch positions in the embodiment shown.

As can be seen from the Figures, the magnets 16, 18 serving as release elements
are not arranged in parallel, but at an acute angle to the longitudinal axis L of the
release plunger 12. In the embodiment shown, the angle between a longitudinal
axis of each magnet amounts to approximately 20° so that a very compact
arrangement is achieved. At the same time, the arrangement is made such that
the force exerted by the release spring 14 is transmitted from the locking rocker 32

to the pivot levers such that said force extends in the direction of the pivot axis S1
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and S2 and is therefore absorbed by the associated shaft. Thus, no compulsory

opening forces arise which would be transmitted to the contact plates 24 or 26.

To prevent a torque that could generate undesirable opening forces from being
exerted on the pivot levers 20 and 22 during impact-like vibrations, an additional
weight 60, 62 is provided in the region of one arm of each two-arm pivot lever 20
and 22. The additional weights 60, 62 (which are not visible in Fig. 3 and Fig. 4
due to a different sectional representation) are screwed to the respective pivot
lever (cf. Fig. 5) and serve to compensate forces occurring due to impulse-like
shock loads such that the respective pivot lever does not hereby experience a
torque. It is particularly preferred here that the mass and the position of the
additional weight (relative to the pivot axis S1 or S2) are selected such that the
center of gravity of each pivot lever 20, 22, including all the parts connected to
said pivot lever 20, 22 such as the contact plates 24 and 26, lies in the region of a
pivot axis S1 or S2 of said pivot lever 20, 22. The additional weights 60 and 62
thus serve as balance weights for the contact plates 24 and 26. Since the center of
mass of each pivot lever is thus located in the region of the pivot axis S1 or S2 of
said pivot lever, the pivot levers are not undesirably pivoted under impulse-like
shock loads. If no shock-like impact loads are to be expected, the above-described
release apparatus described can naturally also be used without the additional

weight. However, such an embodiment is not claimed.

Due to the very small available installation space, a very voluminous additional
weight or a large spacing from the pivot axis is not possible with the release
apparatus shown. Therefore, it is preferred if the additional weight has a material

having a high specific density, for example, tungsten or a tungsten alloy.

If a de-energized unlocking of the release mechanism is required for testing or
other purposes, the contact plates 24 and 26 can also be manually decoupled

from the magnets 16 and 18 without opening the housing 10. For this purpose, the
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housing has two lateral openings 64 (Fig. 5) through which a tool, for example a
screwdriver, can be inserted from the outside to release the contact plates 24, 26
from the associated magnet 16, 18. To facilitate this, a respective tab 66, 68 is
molded at the contact plates 24, 26 and facilitates the levering off of the contact
plates 24, 26 from the magnets 16, 18.
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PATENTKRAV

1. Etfrigjgringsapparat for frigjgring av en satellitt, hvor nevnte
frigjgringsapparat innbefatter et frigjgringsstempel (12) som kan
forhandsbelastes av en frigjgringsfjeer (14) og som holdes i en forhandsbelastet
posisjon av to to-armede dreiearmer (20, 22) svingbare om en respektive
dreieakse (S1, S2), hvor hver dreiearm (20, 22) kan holdes mot kraften fra en
fleer (28, 30) i en holdeposisjon av et frigjgringselement (16, 18),

karakterisert ved at

en arm (A2) til hver dreiearm (20, 22) er tilveiebragt med en ekstra vekt (60,
62).

2. Et apparat i henhold til krav 1,

hvor massen og posisjonen til den ekstra vekten (60, 62) er valgt slik at et

tyngdepunkt for hver dreiearm (20, 22), innbefattende alle delene (24, 26)

koblet til dreiearmen (20, 22), ligger i et omrade til en dreieakse (S1, S2) til
dreiearmen (20, 22).

3. Et apparat i henhold til krav 1 eller 2,
hvor tilleggsvekten (60, 62) innbefatter wolfram og bestar spesielt av wolfram

eller av en wolframlegering.

4. Et apparat i henhold til hvilket som helst av de foregaende krav,
hvor dreiearmene (20, 22) kommer i kontakt med en lasehake (32), som er

festet til utlgserstempelet (12), i holdeposisjonen.

5. Et apparat i henhold til krav 4,
hvor det er tilveiebragt en laseanordning (54) som laser lasehaken (32), spesielt

i en svingt stilling.

6. Et apparat i henhold til hvilket som helst av de foregdende krav,
hvor nevnte apparat er anordnet i et lukket hus (10) som er forsynt med et

mangfold mekaniske indikatorer (42-46) som indikerer en tilstand til
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frigjgringsapparatet.

7. Et apparat i henhold til krav 6,
hvor en indikator (46) indikerer posisjonen til frigjgringsstemplet (12) og en
indikator (42, 44) indikerer posisjonen til en dreiearm (20, 22).

8. Et apparat i henhold til ett av de foregaende kravene 6 eller 7,

hvor minst én indikator (42-26) er konfigurert som et aktiveringselement.

9. Et apparat i henhold til hvilket som helst av de foregadende kravene 6 til 8,

hvor frigjgringsfjeeren (14) er plassert i en indikator (12).

10. Et apparat i henhold til hvilket som helst av de foregaende krav,
hvor, i den forhandsbelastede posisjonen, utlgserstempelet (12) pavirkes av en

fieerbelastet 1as (36) pa tvers av lengdeaksen (L) til utlgserstempelet (12).

11. Et apparat i henhold til hvilket som helst av de foregaende krav,
hvor frigjgringsstemplet (12) styres av en fast rulle (40) som spesielt absorberer

kraften til en fjserbelastet las (36).

12. Et apparat i henhold til hvilket som helst av de foregdende krav,
hvor en lengdeakse til et frigjaringselement omslutter en vinkel pa 15° - 25°

med den langsgaende aksen (L) til utlaserstempelet.

13. Et apparat i henhold til hvilket som helst av de foregaende krav,

hvor nevnte apparat er anordnet i et lukket hus (10) som har en lengde (1)
parallelt med den langsgaende aksen (L) til utlzserstempelet (12) og en bredde
(b) pa tvers av den langsgaende aksen (L) og pa tvers av dreieaksene, hvor
bredden (b) er starre og spesielt halvannen ganger til dobbelt sa stor som

lengden (1).

14. Et apparat i henhold til hvilket som helst av de foregaende krav,
hvor nevnte apparat er anordnet i et lukket hus (10) som har en apning (64) i

hvilken et verktgy kan settes inn for manuelt & frigjgre en dreiearm (20, 22) fra
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frigjgringselementet (16, 18).

15. Et apparat i henhold til hvilket som helst av de foregaende krav,

hvor det er tilveiebragt en sperre (36) forhandsbelastet av en fjeer (34) og kan
overfgres av utlgserstempelet (12) til en utlgserposisjon, hvor to sensorer koblet
parallelt, spesielt to reed-kontakter, er tilveiebragt ved hjelp av hvilke

utlgserposisjonen til Iasen (36) kan detekteres.
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