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(57) Abregée/Abstract:

A coaxlal switch for making or breaking an electric contact between inner conductors of coaxial cables Includes a wall
component defining an inner space into which end portions of the inner conductors project and a contact guiding assembly
Including first and second parallel-spaced spring diaphragms each having an outer peripheral portion and a mid portion; one
portion being fixedly held and the other portion being displaceable In a switching direction towards or away from the inner
conductor ends. The contact guiding assembly further has first and second leaf springs provided In the diaphragms. Each leaf
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(57) Abréege(suite)/Abstract(continued):
spring has a first segment connected to a respective spring diaphragm for hinging displacements relative thereto; and a second

segment hingedly connected to the first segment. The first and second segments are oriented such that motion components of
the two segments transverse to the switching direction are opposite one another. A support element is mounted on the second
segment and passes with a clearance through an aperture in the wall component and projects into the hollow space, and an
electric contact element is carried by the support element for making or breaking electric contact between the inner conductors.

A drive arrangement displaces the contact guiding assembly in the switching direction.
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ABSTRACT OF THE DISCI.OSURE

A coaxial switch for making or breaking an electric
contact between inner conductors of coaxial cables includes a
wall component defining an inner space into which end
portions of the inner conductors project and a contact
guiding assembly including first and second parallel-spaced
spring diaphragms each having an outer peripheral portion and
a mid portion; one portion being fixedly held and the other
portion being displaceable in a switching direction towards
or away from the inner conductor ends. The contact guiding
assembly further has first and second leaf springs provided
in the diaphragms. Each leaf spring has a first segment

connected to a respective spring diaphragm for hinging

'displacements relative thereto; and a second segment hingedly

connected to the first segment. The first and second
segments are oriented such that mbtion components of the two
segments transverse to the switching direction are opposite
one another. A support element is mounted on the second
segment and passes with a clearance through an aperture in
the wall component and projects into the hollow space, and an
electric contact element is carried by the support element
for making or breaking electric contact between the inner
conductors. A drive arrangement displaces the contact

guiding assembly in the switching direction.
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COAXIAL SWITCH

BACKGROUND OF THE INVENTION

This invention relates to a coaxial switch of the
osed in German lald open applications 31.24 830
780. In the constructions disclosed therein at
conducting element is moved by means of one or
ctric supports which slide in openings of a wall

Further, these constructions comprise insulating

elements which are biased by coil springs and which are

slidable in openings. For establishing an electric

connection
dielectric
connecting
conductors
insulating
connecting

connection

between coaxial cables, forces affect the
supports and by means of a shifting motion the
element is electrically coupled with two innerx

of the coaxial cables. The coil spring biased
elements exert a counterforce which returns the
element into its initial position 1f the electric

is to be interrupted.
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German Offenlegungsschrift 16 15 594 discloses a coaxial
switch in which a connecting element and a support element
are moved by means of a single leaf spring. The support
element passes through a wall defining a hollow space in
which the connecting element is accommodated. The leaf
spring is situated externally of the hollow space.

German Offenlegungsschrift 24 60 266 discloses an
apparatus for the selective connection of one of two
quadrupols between two asymmetrical conductors. 1In this
construction two inner conductor ends are situated jointly
between two external conductor surfaces, each being formed by
a separate leaf spring and carry quadrupols which may be
switched alternatingly between the inner conductors.

A further coaxial switch is known from German
Offenlegungsschrift 39 23 158. In this construction the
connecting elements are mounted on a rotor. The switching
into a different switching position is effected in three
phases:

(1) By means of an axial motion of the rotor the
contacts are separated;

(2) The rotor is turned to bring it into the desired
switching position; and

(3) By means of a spring bellows the rotor is axially

moved for coupling the contacts.
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Switch actuation by magnhetic forces is disclosed,
for example, in United States Patent Nos. 4,965,542 and
5,065,125.

SUMMARY OF THE INVENTION

In a broad aspect of the invention, there is
provided a coaxial switch for making or breaking an electric
contact between a first and a second inner conductor of a
first and a second coaxial cable, comprising (a) first and
second terminals holding end portions of said first and
second coaxial cables; said first and second terminals being
electrically connected to one another for electrically
permanently interconnecting outer conductors of the first
and second coaxial cables; (b) a wall component defining an
inner space into which end portions of said first and second
inner conductors project; (c) a contact guiding assembly
supported for displacement in a direction towards or away
from the end portions of the inner conductors; said contact
guiding assembly includes (1) first and second parallel-
spaced spring diaphragms each having an outer peripheral
portion and a mid portion; one of said portions of each
spring diaphragm being fixedly held and another of said
portions being displaceable in said direction; (2) first and
second leaf springs provided in said first and second spring
diaphragms, respectively; said first and second leaf springs
being in alignment with one another as viewed 1n said
direction; said first and second leaf springs constituting a
leaf spring unit; each leaf spring having (i) a first
segment connected to a respective sald spring diaphragm for
hinging displacements relative thereto; and (11) a second
segment hingedly connected to said first segment; said first
and second segments being oriented such that motion

components of said first and second segments transverse to
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salid direction are opposite one another; (d) a support
element mounted on said second segment and passing with a
clearance through an aperture in said wall component and
projecting into said hollow space; (e) an electric contact
element carried by sald support element for making or
breaking electric contact between said inner conductors; and

(£) drive means for displacing said contact guiding assembly

in said direction.

It i1is an object of the invention to provide a

coaxial switch of the above-outlined type which operates

with superior reliability.

This object and others to become apparent as the
specification progresses, are accomplished by the invention,
according to which, briefly stated, the coaxial switch for
making or breaking an electric contact between inner
conductors of coaxial cables includes a wall component
defining an inner space into which end portions of the inner
conductors project and a contact guiding assembly including
first and second parallel-spaced spring diaphragms each
having an outer peripheral portion and a mid portion; one

portion being fixedly held and the other portion being

displaceable in a switching direction towards or away from
the inner conductor ends. The contact guiding assembly

further has first and second leaf springs provided in the

diaphragms. Each leaf spring has a first segment connected
to a respective spring diaphragm for hinging displacements

relative thereto; and a second segment hingedly connected to
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the first segment. The first and second segments are
oriented such that motion components of the two segments
transverse to the switching direction are opposite one
another. A support element is mounted on the second segment
and passes with a clearance through an aperture in the wall
component and projects into the hollow space, and an electric
contact element is carried by the support element for making
Oor breaking electric contact between the inner conductors. A
drive arrangement displaces the contact guiding assembly in
the switching direction.

Thus, 1in the coaxial switch according to the invention
the connecting elements are supported in a leaf sSpring
(contact guiding) assembly. This makés possible embodiments
in which only very slight wear is experienced whereby a high
reliability is achieved.

According to a preferred embodiment of the invention, by
means of the leaf spring assembly an accurate linear motion
of the connecting element is achieved. In this way a sliding
guidance for the support elements is not required; that is,
the support elements may be moved in a housing bore without
being contacted and thus may move without friction. The

support elements which are conventionally made of a

dielectric material are not exposed to wear and any attrition

o

which could lead to a deterioration of the properties of the

coaxlial switch is avoided.
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The leaf spring (contact guiding) assembly is composed,
for example, of two superimposed spring diaphragms in which
cuts are provided to obtain leaf springs. Two leaf springs
of the two spring diaphragms.are connected to one another to
form a linear guide formed of four leaf springs. The leaf
springs are dimensioned and positioned relative to one
another in the spring diaphragms such that a stable sSpring
hinging guidance is achieved without transverse shift.

By virtue of the advantageous arrangement of the leaf
springs a compact and lightweight switch is obtained. The
frictionless support of the inner conductor permits
furthermore a purely magnetic drive. On the leaf spring
assembly permanent magnets are mounted which are deflected by
the permanent magnets of a rotor in a contactless manner.
Such a displacement is transferred to the connecting elements
by the spring joint guidance. By virtue of these measures a
very high reliability of the coaxial switch is achieved.

This has particular significance in applications for space

travel.
B FF DESCRIPTION OF THE DRAWINGS

Figures la and 1b are symbolic illustrations of a

transfer switch showing the two switch positions thereof.
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Figures 2a, 2b and 2c are symbolic representations of a
T-switch showing the three switch positions thereof.

Figure 3 is an axial sectional view of a transfer
switch according to a preferred embodiment of the invention.

Figure 4 is a top plan view of a spring diaphragm for a
transfer switch according to the invention, for use in the
Figure 3 construction.

Figure 5 is an axial sectional view of a T-switch
according to another preferred embodiment of the invention.

Figure 6 is a fragmentary top plan view of a leaf sSpring
for a T-switch according to the invention, for use in the

Figure 5 construction.

DETATILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Figures la and 1b illustrate the operational principle
of a transfer switch having terminals a, b, ¢ and d as well
as one switching position shown in Figure la and another
switching position shown in Figure 1b. In Figure la terminal
a is connected to terminal ¢ and terminal b is connected to
terminal 4, whereas in Figure 1b terminal a is connected to
terminal d and terminal b is connected to terminal c¢.

Figures 2a, 2b and 2c¢ illustrate the principle of a T~

e

switch having four terminals a, b, ¢ and d as well as three
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switching positions where the electric connections between
terminals are shown similarly to Figures la and 1b.

Figure 3 illustrates a transfer switch 20 shown in a
plane 1n which the longitudinal switch axis 15 lies. The
transfer switch 20 supports coaxial high frequency terminals
1; the extended respective inner conductors 2 terminate in a
hollow space 3 1in the switch housing. The wall surrounding
the hollow space 3 forms, together with connecting elements 4
(whose longitudinal direction is oriented perpendicularly to
the drawing plane) a coaxial conduit which, dependent upon
the switching position, establishes a connection between the
ends of the inner conductor 2 of two coaxial terminals 1 (see
terminals a, b, ¢ and d in Figures la and 1b).

The connecting elements 4 which are in mirror symmetry
relative to the axis 15, are mounted on a leaf spring (linear
contact guiding) assembly 7, 8, 9 and 10 by means of
dielectric support elements 5 which pass without contacting
and in a frictionless manner through separate passages 6 of
the wall defining the hollow space 3. The leaf spring
assembly 7, 8, 9, 10 serves as a guide mechanism for the
support elements 5 carrying the respective connecting

elements 4.

Also referring to Figure 4, the leaf spring assembly 7-

10 comprises two parallel-oriented, spaced spring diaphragms
7 and 9 which are secured to one another at their outer ends

- 8 -
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(at 34 in Figure 4) by coupling pins 10 and at their free
spring ends (designated at 31, 32 and 33 in Figure 4) by the
dielectric support elements 5 and permanent magnets 8. The
respective mid parts of the two spring diaphragms 7 and 9 are
affixed to a central switch component 17.

The drive for the leaf spring assembly 7-10 includes a
rotor 12 having permanent magnets 13 on its periphery. The
rotor 12 is surrounded by a stator winding 11 which is
secured stationarily in the coaxial switch 20 and which, when
energized, exerts a magnetic force on the permanent rotor
magnets 13. The rotor 12 further carries, on its radial face
oriented towards the leaf spring assembly 7-10, permanent
magnets 14 which exert an attracting or repelling force on
the permanent magnets 8 dependent upon the polarity of the
permanent magnets 14. The rotor journals in a bearing 18,
and the winding 11 is supplied with current through an
electric terminal 16.

Reverting to Figure 4, one of the two identically
structured spring diaphragms 7 and 9 is shown in detail and
is designated at 30. In the spring diaphragm 30 cuts 35 are
provided, each forming segments 36 and 37 which constitute
leaf springs. The segment 37 hinges on the body of the

diaphragm 30, while the segment 36 hinges on the springing

end of the segment 37. The dielectric support elements 5 and

the permanent magnets 8 are secured to the segment 36 via

-9 -
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holes 31, 32 and 33, whereas the coupling pins 10 are secured
to the segment 36 via holes 34. The central hole 38 serves
for securing the spring diaphragm 30 to the central switch
component 17. The segments 36 and 37 may be regarded as a
series connection of two interleaving springs ensuring a
sufficiently large spring path while dimensions are
maintained compact.

Upon an excursion by the permanent magnets 8 1n response
to magnetic forces exerted by magnets 14, the two segments 36
and 37 of the spring diaphragm 30 undergo bending
deformation. During this occurrence the distance between the
bore 34 and the axis of the bore 38 and the distance between
the bore 32 and the axis of the bore 34 are reduced. By

virtue of the leaf spring configurations and dimensions, the

bending deformations have such a course that the above-noted
distance reductions and thus the transverse shifts are
compensated for in the leaf spring, that is, the distance
between the bore 32 and the axis of the bore 38 remains
substantially constant. It is seen when viewing Figures 3
and 4 together that a leaf spring pair 36, 37 formed in
spring diaphragm 7, aligned with a leaf spring pair 36, 37
formed in spring diaphragm 9 together constitute a four-leaf
sSpring suséension (leaf spring unit) with an accurate linear

guidance and a superior transverse stability. Such leaf

spring arrangements are known in the precision technology and

- 10 -
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are discussed, for example, in the work by S. Hildebrandt
entitled "Feinmechanische Bauelemente" (Structural Elements
in the Precision Technology), published by C. Hanser Verlag,
Munich 1968. The spring diaphragm 30 combines four identical
leaf spring units, each carrying a separate connecting
element 4 (only two connecting elements 4 are visible in
Figure 3).

Figure 5 illustrates a T-switch 40 which has two coaxial
high frequency terminals 41 and 42 with respective extended
inner conductors 43 and 44. Two spring diaphragms 48 and 49
are secured to the peripheral zone 51 of the switch. As will
be described in greater detail with reference to Figure 6,
the spring diaphragms 48, 49 contain leaf springs which serve
as carrying and guiding devices for dielectric support
elements 46 and 47. Similarly to the embodiment of Figure 3,
the leaf spring assembly of Figure 5 too, has cooperating,
parallel leaf springs formed in the one and the other spring
diaphragm 48, 49. With a support element 46a which carries a
connecting element (not visible) there 1s also associated a
leaf spring unit with leaf springs situated in the different
spring diaphragms 48, 49. The dielectric support elements
46, 47 carry and move a connecting element 45 to make or
break an electric connection with the two inner conductors 43
ané'44. The leéf spring assembly 48, 49 and thus the support

elements 46, 47 are moved by means of a drive which

- 11 =
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corresponds to the magnetic drive of the coaxial switch 20

described in Figure 3. For this purpose the switch 40
includes a rotor 53, whose permanent magnet 52 displaces a

permanent magnet 50 secured to the spring leaf (guiding)

assembly 48, 49. The rotor 53 has permanent magnets 52 of
opposite polarity so that the support members 46, 47 are
movable in opposite directions. The support elements 46, 47
move without being contacted by guides and are thus displaced
in a frictionless manner through the passage openings 54, 55
of a wall member.

Turning now to Figure 6, one of the two identically
structured spring diaphragms 48 and 49 of the T-switch 40 is
shown in detail and is designated at 60. In the spring
diaphragm 60 a relatively small cut 63 and a relatively large
cut 64 are provided such that the cut 63 is situated within
an area defined by the cut 64. The two cuts 63 and 64 may be
arcuate, or U-shaped and both have an open side 63', 64' and
a base portion 63'', 64'', respectively. The two cuts 63 and
64 are so oriented relative to one another that the open side
63' of the cut 63 is oriented toward the base portion 64'' of
the cut 64. The cuts 63, 64 form interleaving leaf spring
segments 65 and 66. The two segments 65 and 66 are
dimensioned in such a manner that their transverse
dis;lacements mutually compensate one another during
displacement. The dielectric support elements 46, 47 pass

- 12 -
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through holes 61, 62 of the leaf spring segment 65 and are
affixed thereto, together with the permanent magnet 50. It
is seen when viewing Figures 5 and 6 together that a leaf
spring pair 65, 66 formed in spring diaphragm 48, aligned
with a leaf spring pair 65, 66 formed in spring diaphragm 49
together constitute a four-~leaf spring suspension and linear
guide for the connecting element 45. In the Figure 5
embodiment several leaf spring pairs 65, 66 may be
arbitrarily distributed in the spring diaphragms 48, 49.

It will be understood that the above description of the
present invention is susceptible to various modifications,
changes and adaptations, and the same are intended to be

comprehended within the meaning and range of equivalents of

the appended claims.

- 13 =



What is claimed is:

1. A coaxial switch for making or breaking an electric
contact between a first and a second inner conductor of a
first and a second coaxial cable, comprising

(a) first and second termlinals holding end
portions of said first and second coaxial cables; said first
and second terminals being electrically connected to one
another for electrically permanently interconnecting outer
conductors of the first and second coaxial cables;

(b) a wall component defining an inner space into
which end portions of said first and second inner conductors
project;

(c) a contact guiding assembly supported for
displacement in a direction towards or away from the end
portions of the inner conductors; said contact guiding
assembly includes

(1) first and second parallel-spaced spring
diaphragms each having an outer peripheral portion and a mid
portion; one of said portions of each spring diaphragm being
fixedly held and another of said portions being displaceable
in said direction;

(2) first and second leaf springs provided in
said first'and‘second spring diaphragms, respectively; said
first and second leaf springs being in alignment with one

- 14 -



another as viewed in said direction; said first and second
leaf springs constituting a leaf spring unit; each leaf
spring having

(1) a first segment connected to a
respective said spring diaphragm for hinging displacements
relative thereto; and

(11) a second segment hingedly connected
to said first segment; said first and second segments being
oriented such that motion components of said first and second
segments transverse to said direction are opposite one
another;

(d) a support element mounted on said second
segment and passing with a clearance through an aperture in
said wall component and projecting into said hollow space;

(e) an electric contact element carried by said
support element for making or breaking electric contact
between said inner conductors; and

(f) drive means for displacing said contact

guiding assembly in said direction.

2. The coaxial switch as defined in claimﬁl, wherein

sald first and second segments are dimensioned such that the
transverse motion components cancel one another, whereby a

free end portion of said second segment lacks a transverse

- 15 -



motion component during displacement of said contact guiding

assembly in said direction.

3. The coaxial switch as defined in claim 1, wherein

salid first and second segments are oriented radially

oppositely relative to a central longitudinal axis of said

coaxial switch.

4. The coaxial switch as defined in claim 1, wherein

said first and second segments are obtained by cuts provided

in sald spring diaphragms.

5. The coaxial switch as defined in claim 4, wherein
salid cuts include a first and a second cut each having a base
portion and an open side situated opposite the base portion;
said second cut being situated in an area bounded by said
first cut; said open side of said second cut being oriented

towards the base portion of said first cut.

6. The coaxial switch as defined in claim 1, wherein
said drive means includes
(a) a rotor;
(b) a first permanent magnet mounted on said

L2

rotor; and

- 16 =



(c) a second permanent magnet mounted on said
contact guiding assembly at said support element: said rotor
having an axis oriented such that upon rotation of said rotor
magnetic forces oriented in said direction are exerted by

sald first permanent magnet to said permanent magnet.

7. The coaxial switch as defined in claim 1, wherein
salid leaf spring unit is a first leaf spring unit; further
comprising a second leaf spring unit formed in said first and
second spring diaphragms spaced from said first leaf spring
unit; said second leaf spring unit being structured
substantially identically to said first leaf spring unit; an
additional support element secured to said second leaf spring
unit; and an additional contact element secured to said

additional support element.

- 17 =
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CROSS REFERENCE TO RELATED APPLICATION

This application claims the priority of German Applica-

tion No. P

43 10 463.0 filed March 31, 1993, which is

incorporated herein by reference.

BACKGROUND OF THE INVENTION

This invention relates to a coaxial switch of the type

disclosed in German Offenlegungsschriften (applications

published without examination) 31 24 830 and 31 22 780. In

the constructions disclosed therein at least one conducting

connecting

dielectric

component.

element is moved by means of one or more

supports which slide in openings of a wall

Further, these constructions comprise insulating

elements which are biased by coil springs and which are

slidable in openings. For establishing an electric

connection
dielectric
connecting
conductors
insulating
connecting

connection
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between coaxial cables, forces affect the
supports and by means of a shifting motion.the
element is electrically coupled with two inner

of the coaxial cables. The coil spring biased
elements exert a counterforce which returns the
element into its initial position if the electric

is to be interrupted.
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German Offenlegungsschrift 16 15 594 discloses a coaxial
switch in which a connecting element and a support element
are moved by means of a single leaf spring. The support
element passes through a wall defining a hollow space in

5 which the connecting element is accommodated. The leaf
spring is situated externally of the hollow space.

German Offenlegungsschrift 24 60 266 discloses an
apparatus for the selective connection of one of two
quadrupols between two asymmetrical conductors. In this

10 construction two inner conductor ends are situated jointly
between two external conductor surfaces, each being formed by
a separate leaf spring and carry gquadrupols which may be
switched alternatingly between the inner conductors.

A further coaxial switch is known from German

15 Offenlegungsschrift 39 23 158. In this construction the
connecting elements are mounted on a rotor. The switching
into a different switching position is effected in three
phases:

(1) By means of an axial motion of the rotor the

20 contacts are separated;

(2) The rotor is turned to bring it into the desired
switching position; and

(3) By means of a spring bellows the rotor is axially

moved for coupling the contacts.
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Switch actuation by magnetic forces is disclosed, for

exXample, in United States Patent Nos. 4,965,542 and

5,065,125,
SUMMARY OF THE INVENTION

It is an object of the invention to provide a coaxial
switch of the above-outlined type which operates with
superior reliability.

This object and others to become apparent as the
specification progresses, are accomplished by the invention,
according to which, briefly stated, the coaxial switch for
making or breaking an electric contact between inner
conductors of coaxial cables includes a wall component
defining an inner space into which end portions of the inner
conductors project and a contact guiding assembly including
first and second parallel-spaced spring diaphragms each
having an outer peripheral portion and a mid portion; one
portion being fixedly held and the other portion beling
displaceable in a switching direction towards or away from
the inner conductor ends. The contact guiding assembly
further has first and second leaf springs provided in the
diaphragms. Each leaf spring has a first segment connected
to ; respectiveispring diaphragm for hinging displacements
relative thereto; and a second segment hingedly connected to
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the first segment. The first and second segments are
oriented such that motion components of the two segments
transverse to the switching direction are opposite one
another. A support element is mounted on the second segment
and passes with a clearance through an aperture in the wall
component and projects into the hollow space, and an electric
contact element is carried by the support element for making
or breaking electric contact between the inner conductors. A
drive arrangement displaces the contact guiding assembly in
the switching direction.

Thus, 1in the coaxial switch according to the invention
the connecting elements are supported in a leaf spring
(contact guiding) assembly. This makés possible embodiments
in which only very slight wear is experienced whereby a high
reliability is achieved.

According to a preferred embodiment of the invention, by
means of the leaf spring assembly an accurate linear motion
of the connecting element is achieved. In this way a sliding
guidance for the support elements is not required; that is,
the support elements may be moved in a housing bore without
being contacted and thus may move without friction. The

support elements which are conventionally made of a

dielectric material are not exposed to wear and any attrition

which could lead to a deterioration of the properties of the

coaxilial switch is avoided.
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The leaf spring (contact guiding) assembly is composed,
for example, of two superimposed spring diaphragms in which
cuts are provided to obtain leaf springs. Two leaf springs
of the two spring diaphragms'are connected to one another to

5 Tform a linear guide formed of four leaf springs. The leaf
springs are dimensioned and positioned relative to one
another in the spring diaphragms such that a stable spring
hinging guidance is achieved without transverse shift.

By virtue of the advantageous arrangement of the leaf

10 springs a compact and lightweight switch is obtained. The
frictionless support of the inner conductor permits
furthermore a purely magnetic drive. On the leaf spring
assembly permanent magnets are mounted which are deflected by
the permanent magnets of a rotor in a contactless manner.

15 Such a displacement is transferred to the connecting elements
by the spring joint guidance. By virtue of these measures a
very high reliability of the coaxial switch is achieved.

This has particular significance in applications for space

travel.

20 B F DESCRIPTION OF THE DRAWINGS

Figures 1la and 1b are symbolic illustrations of a

e

transfer switch showing the two switch positions thereof.
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Figures 2a, 2b and 2c are symbolic representations of a
T-switch showing the three switch positions thereof.

Figure 3 is an axial sectional view of a transfer
switch according to a preferred embodiment of the invention.

Figure 4 is a top plan view of a spring diaphragm for a
transfer switch according to the invention, for use in the
Figure 3 construction.

Figure 5 is an axial sectional view of a T-switch
according to another preferred embodiment of the invention.

Figure 6 is a fragmentary top plan view of a leaf spring
for a T-switch according to the invention, for use in the

Figure 5 construction.

DETATILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Figures la and 1b illustrate the operational principle
of a transfer switch having terminals a, b, ¢ and d as well
as one switching position shown in Figure la and another
switching position shown in Figure 1b. In Figure la terminal
a is connected to terminal ¢ and terminal b is connected to
terminal 4, whereas in Figure 1b terminal a is connected to
terminal @ and terminal b is connected to terminal c.

Figures 2a, 2b and 2c¢ illustrate the principle of a T~

e

switch having four terminals a, b, ¢ and d as well as three

. . vy LI . . PR . . 4 - ' o z ..-. . . e - b 1. 1® e e R s ewe 8 s e MY
- ! . = > .. ' ¢ . I.. 4 !\"'; o . v, "‘l ’-. J\ L. -':‘ 4"
. .« = - - . ‘e - P . Coe e et - .. 1 -
.1 . ". ... .‘. ¥ lIl‘ v . . R . : . - f. “ ‘.‘1.‘ IR - > ‘* | N - 4 "‘ . ")' ... ‘ ' ) .
- B s m e a8 e, . ’ . B ] J_ . ‘ « N ‘e 2= ‘_l“ L e - ., ‘.‘.,-.t. " » | ’ T
. . '\-_' o . 4" ‘ . ; N + . a . - v L e e e ey ' . - - L I ,‘1'._| T i Y t .’, o .
- i L IR N - ' ‘e N R . = . o ia et . ;
i ~ ' . -‘ ' ' v & _— T . Wiy ' } ‘e “. 4 “-‘ ] ,-.‘. . “,- ) o e
. " . L] * . LR ) ® . . . L) . .- . 4 N . > LIRS B . .- . - a0 -~ s y *
“"3 .‘ PR . "'t ! *, ‘ '.-‘l e ’ ¢ B 5 - ‘. .'1 - - \ .' AL 1 . L [ty . T .
-‘ ‘s.- "" _. . - ll-‘. s U . . ,‘;l. Y e a L ... _-. . N ' e w "; .,-l l'. ‘1 ) t 1 . "‘ e . * . t . u
« V1 _a NS AT | N . . * .. .’ .’ l’ - e, {l RN 4 e """ " wow . b T A med g e, = A . £ = . . ., . -
' ,.. s pgd e N . .8 C R .-t \‘a-I ..‘),-' mp A e w . ¢ YL 4 "'( - { -\1' BRI R e " LI s 1 .
vy s % ’ (1 & e - 4, ‘. t 1.',,..2 .f.;;s_ﬁ ’f} .,; (‘I A.xy Q.-.S.sf.: 1 i3 ? tv B ne d e A .8t e . " \ ot
. . ﬂ'.n {‘t v L I .. e . If’# r o r.-',- 4 o m v "‘ A'a P‘\. ey e D * i‘.i " : R,\- L ‘ ’ T’ . ‘-,'-' R & ! FEN e A F 4 J ., . s
. wq v T % a ‘ ‘f"" . ‘e - == . 'L “F 1 . e - 'ﬁ (‘7,!\‘ ’ - L J ‘v o Y 2 'H.* « ¢ - e -~ ‘ - r‘-rlq'l ., '] - - . - ‘ . H I
' . - v = A R B Y r.o -t . ~ L - T Y IR e s o< A .. a4 w0 46 cea b, - 28D % L= L ] Al £ L
Y . ] - 0y b~ . v . L. » LN IR TT JE U BN ] Y- . . - d A -, N R P I T . . B
4 . - v ] . - - . » ” . ‘s ”, - ’ d '{ f B
Y ..' - ‘-q . . ra 8 j. - . - “.p n .- ..'a.,.- r o~ . I‘ .-' " c‘r ) 4 kv . . l = \'1’.
e A SR g r ! 5 : s R R - . b M, gt s "t e ae T ae i F "
- (» S A L '--" .- ’ Ay v: . . : o' - "t t LI D L. ‘. N 4 &, EYCH - - '
l" . ye b, . ' " - . t - “ 3‘\¢:\! .‘”1 ( ’ ’ . ‘c 1‘ s ' ' " . .“r...' .'J'.r ' } ' ; * -
- - - -~ . . . - . . ' . . . . = & . . ' - - ~ - -
."'*‘ rl L] : 4 2 i .- ety . * e MR r [ 4 ' . o a e d « Fa .‘- "(‘.". L - . b .. B r
LRI 4ty -3 - ’Q't - " T oepty -1 \"l" LN - fam,. s -. . T \‘( t\'.l‘ }, “n . “ a
. . " i a . . ' ' R I B « > @0 . el 0 TR : i = . . :
‘:!:p “ s ‘. Ny e ."a"-" - $ .- ! . S SR A ‘ . l.! o (._:"."' 4 - - o S "'f" .. P L ‘ I
. - - & 2= . S - .o ' - . . . g . “ [ N ‘.
«. b . vy ‘ . . . [ » . - . Y I v ’ . " [ R .« o ot t.w - '-‘. * . ' | "
P4 . ' - LI . e " . . N q . . . L R T S L B Y .. . e . . 'e-' .
‘ .‘ N - .n ‘ ' -.- ?1.‘ b : . ’ . .-" . . :. _-‘.-Q- ' . * " .e
- . . . SRR ‘a . s . ' - . .
. . . . . . . et ., .
.o ’ I ' 4 . *c . .f’-l - . ’ .
' ..o - u - ‘.t A, B N . oL . |
e . .- P . = ' .
‘o ' ¢ : . ' uly ey ' o CROEE !
L B v , 14 . N 2 - . :\' .t' [ R
' - ag" 3 ., LT alr . = 1 N PR I P
vy .. - vy . e e , .. - -‘.. ‘ . ' ' {. - .. - ¢‘ »
. L ’. - » . o % 2 .o P14 b . 1
‘. . v 4 . R ., S - 1 ar . A . . N = 3
. R o7k Lo [ . tow 4 d L ' I & & L
-, - ' ay RS - ' .t P 1 2 . . . . , J.- -
« ? ‘e s . ' . - . ' ‘“© " LI ‘- ‘- L et g " -
~ aa e - -y - L - . . " ‘. - . . 4 -
{ ",%D CEIN 4 . PR ) . AT, 8 . R Al
= = ' -, ot . e Vg ' . . A I A N P A
- e ' e . i St e . ¢ + s 1. * S ) - 8 o
. " ' L ] . - 4. ' e 7 3l 4 . . . PR .
- P . - v, o, . D | s v 4-n . . .
70 N L YRR 4 Lt en RN Y LI RS | - » 'S . . '
'Y 4 Lt PRI K| MY 5..'l. . vt . dat . .
. . tn -, L2 . e n? .- i.J - S.ee . 4 : b}
HENREN ! .t \'x ', S ' ] P 4 . 4 . ~ . . .
. N ) LI . - . - - L] .
... 4 ., TR P . " I B T R 14 ' I AL L
v 14, -~ PR I B Yiaow 4 - . . e
. - LRE e e s IS { 1N
s L o'l_ a . e TR gt -.l = l. .‘\ .
;‘- ~ ‘..b . 4 i - . 8 : l“ ’ \'
. S N a L + - . “
L IR '4‘ - L . - N ‘ a n
L 4‘( ’ -’ I : L} . -
- . . - . e ot LI L]
Y. 4 e 3 vi. » { ot T I e e et Y - 4

i R



10

15

20

25

2120167

switching positions where the electric connections between
terminals are shown similarly to Figures la and 1b.

Figure 3 illustrates a transfer switch 20 shown in a
plane 1n which the longitudinal switch axis 15 lies. The
transfer switch 20 supports coaxial high freguency terminals
1; the extended respective inner conductors 2 terminate in a
hollow space 3 in the switch housing. The wall surrounding
the hollow space 3 forms, together with connecting elements 4
(whose longitudinal direction is oriented perpendicularly to
the drawing plane) a coaxial conduit which, dependent upon
the switching position, establishes a connection between the
ends of the inner conductor 2 of two coaxial terminals 1 (see
terminals a, b, ¢ and d in Figures la and 1b).

The connecting elements 4 which are in mirror symmetry
relative to the axis 15, are mounted on a leaf spring (linear
contact guiding) assembly 7, 8, 9 and 10 by means of
dielectric support elements 5 which pass without contacting
and in a frictionless manner through separate passages 6 of
the wall defining the hollow space 3. The leaf spring
assembly 7, 8, 9, 10 serves as a guide mechanism for the
support elements 5 carrying the respective connecting

elements 4.

Also referring to Figure 4, the leaf spring assembly 7-
10mccmprises tﬁo parallel-oriented, spaced spring diaphragms
7 and 9 which are secured to one another at their outer ends
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(at 34 in Figure 4) by coupling pins 10 and at their free
spring ends (designated at 31, 32 and 33 in Figure 4) by the
dielectric support elements 5 and permanent magnets 8. The
respective mid parts of the two spring diaphragms 7 and 9 are
affixed to a central switch component 17.

The drive for the leaf spring assembly 7-10 includes a
rotor 12 having permanent magnets 13 on its periphery. The
rotor 12 is surrounded by a stator winding 11 which is
secured stationarily in the coaxial switch 20 and which, when
energized, exerts a magnetic force on the permanent rotor
magnets 13. The rotor 12 further carries, on its radial face
oriented towards the leaf spring assembly 7-10, permanent
magnets 14 which exert an attracting or repelling force on
the permanent magnets 8 dependent upon the polarity of the
permanent magnets 14. The rotor journals in a bearing 18,
and the winding 11 is supplied with current through an
electric terminal 16.

Reverting to Figure 4, one of the two identically
structured spring diaphragms 7 and 9 is shown in detail and
is designated at 30. In the spring diaphragm 30 cuts 35 are
provided, each forming segments 36 and 37 which constitute
leaf springs. The segment 37 hinges on the body of the

diaphragm 30, while the segment 36 hinges on the springing

end of the segment 37. The dielectric support elements 5 and

the permanent magnets 8 are secured to the segment 36 via
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holes 31, 32 and 33, whereas the coupling pins 10 are secured
to the segment 36 via holes 34. The central hole 38 serves
for securing the spring diaphragm 30 to the central switch
component 17. The segments 36 and 37 may be regarded as a
series connection of two interleaving springs ensuring a
sufficiently large spring path while dimensions are
maintained compact.

Upon an excursion by the permanent magnets 8 in response
to magnetic forces exerted by magnets 14, the two segments 36
and 37 of the spring diaphragm 30 undergo bending
deformation. During this occurrence the distance between the
bore 34 and the axis of the bore 38 and the distance between
the bore 32 and the axis of the bore 34 are reduced. By

virtue of the leaf spring configurations and dimensions, the

bending deformations have such a course that the above-noted
distance reductions and thus the transverse shifts are
compensated for in the leaf spring, that is, the distance
between the bore 32 and the axis of the bore 38 remains
substantially constant. It is seen when viewing Figures 3
and 4 together that a leaf spring pair 36, 37 formed in
spring diaphragm 7, aligned with a leaf spring pair 36, 37
formed in spring diaphragm 9 together constitute a four-leaf
spring suséension (leaf spring unit) with an accurate linear

guidance and a superior transverse stability. Such leaf

spring arrangements are known in the precision technology and
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are discussed, for example, in the work by S. Hildebrandt
entitled "Feinmechanische Bauelemente!" (Structural Elements

in the Precision Technology), published by C. Hanser Verlag,

Munich 1968. The spring diaphragm 30 combines four identical

leaf spring units, each carrying a separate connecting
element 4 (only two connecting elements 4 are visible in
Figure 3).

Figure 5 illustrates a T-switch 40 which has two coaxial
high frequency terminals 41 and 42 with respective extended
inner conductors 43 and 44. Two spring diaphragms 48 and 49
are secured to the peripheral zone 51 of the switch. As will
be described in greater detail with reference to Figure 6,
the spring diaphragms 48, 49 contain leaf springs which serve
as carrying and guiding devices for dielectric support
elements 46 and 47. Similarly to the embodiment of Figure 3,
the leaf spring assembly of Figure 5 too, has cooperating,
parallel leaf springs formed in the one and the other spring
diaphragm 48, 49. With a support element 46a which carries a
connecting element (not visible) there 1s also associated a
leaf spring unit with leaf springs situated in the different
spring diaphragms 48, 49. The dielectric support elements
46, 47 carry and move a connecting element 45 to make or
break an electric connection with the two inner conductors 43
ané.44. The leaf spring assembly 48, 49 and thus the support

elements 46, 47 are moved by means of a drive which
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corresponds to the magnetic drive of the coaxial switch 20

described in Figure 3. For this purpose the switch 40
includes a rotor 53, whose permanent magnet 52 displaces a
permanent magnet 50 secured to the spring leaf (guiding)

assembly 48, 49. The rotor 53 has permanent magnhets 52 of
opposite polarity so that the support members 46, 47 are
movable in opposite directions. The support elements 46, 47
move without being contacted by guides and are thus displaced
in a frictionless manner through the passage openings 54, 55
of a wall member.

Turning now to Figure 6, one of the two identically
structured spring diaphragms 48 and 49 of the T-switch 40 1is
shown in detail and is designated at 60. In the spring
diaphragm 60 a relatively small cut 63 and a relatively large
cut 64 are provided such that the cut 63 is situated within
an area defined by the cut 64. The two cuts 63 and 64 may be
arcuate, or U-shaped and both have an open side 63', 64' and
a base portion 63'', 64'', respectively. The two cuts 63 and
64 are so oriented relative to one another that the open side
63' of the cut 63 1is oriented toward the base portion 64'' of
the cut 64. The cuts 63, 64 form interleaving leaf spring
segments 65 and 66. The two segments 65 and 66 are
dimensioned in such a manner that their transverse

-

displacements mutually compensate one another during.

displacement. The dielectric support elements 46, 47 pass

- 12 -
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through holes 61, 62 of the leaf spring segment 65 and are
affixed thereto, together with the permanent magnet 50. It
is seen when viewing Figures 5 and 6 together that a leaf
spring pair 65, 66 formed in spring diaphragm 48, aligned
with a leaf spring pair 65, 66 formed in spring diaphragm 49
together constitute a four-~leaf spring suspension and linear
guide for the connecting element 45. In the Figure 5
embodiment several leaf spring pairs 65, 66 may be
arbitrarily distributed in the spring diaphragms 48, 49.

It will be understood that the above description of the
present invention is susceptible to various modifications,

changes and adaptations, and the same are intended to be

comprehended within the meaning and range of equivalents of

the appended claims.
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