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(57) Abstract: A high-voltage connector is
described, having a plug (10) with a rubber
cone (131; 132, 133) for insertion in a socket
(20). A connector of this kind is also referred
to as a rubber-cone plug system and is used
in particular for connecting X-ray generators
to highvoltage generators. The connector is
characterized in particular by the facts that the
rubber cone has a first portion (131) having a
first angle of application (A) in a tight-fitting
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12 joint (14) and at least one second portion (132,
133) having a second angle of application (B)
in the tight-fitting joint, and that respective
female contacts (16, 17), into which contact
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pins (23, 24) for making contact with the
high voltages extend, are incorporated in each
second cone portion (132, 133). The first
angle of application (A) is preferably greater
than the second angle of application (B) in
this case, thus causing good insulation against
high voltages to be ensured by a high applied
pressure from the plug.
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High-voltage connector

The invention relates to a high-voltage connector, having a plug with a rubber cone for
insertion into a socket or mating connector-half. A connector of this kind is also referred to as
a rubber-cone plug system and is used in particular for connecting X-ray generators to high-
voltage generators that operate with relatively high grid and/or focusing voltages.

In essence, a distinction is made between three different high-voltage
connectors or high-voltage connector systems. These are firstly what are known as O3 and
04 systems in which an insulating oil, an insulating grease or a soft insulating disk, such as a
silicone disk, is used between the connecting pins to insulate the high grid voltage.

However, a disadvantage of these systems lies in the fact that they can only be
used for nominal grid voltages between the pins of approximately 4 kV, because the pins are.
situated relatively close to one another and sparkovers may thus occur at higher pin voltages.

Also known are rubber-cone plug systems that are relatively simple in
construction and can be produced to relatively small dimensions. In these systems, insulation
against high voltages is obtained by increasing the length of the leakage path by means of a
slot structure. For this purpose, a straight ridge on the mating connector-half is for example
introduced into a straight slot at the tip of the rubber cone of the plug.

However, a major problem with these systems lies in controlling the
temperature cycles and the expansion related to them, particularly of the rubber cone, in such
a way that the insulation of the plug system against high voltage is not impaired by them.
Also, because there is air along the leakage paths, there is a risk of discharges occurring
along the surface at fairly high voltages and of a surface flashover taking place through the
insulation provided by the air.

Finally, the systems known as flat connector systems have essentially the same
disadvantages as the O4 systems. For these flat connectors to be suitable for high pin
voltages, the pins have to be situated relatively far apart, which means that the dimensions of
the connectors become relatively large and call for a correspondingly large space to be
provided in the X-ray generator and high-voltage generator for the connectors to be installed

in.
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A general object of the invention is therefore to provide a high-voltage
connector of the kind specified in the opening paragraph whose insulation against high
voltages will be reliably maintained over a long period.

The intention of the invention is, in particular, to provide a high-voltage
connector of the kind specified in the opening paragraph that can be produced even for
relatively high grid voltages and/or focusing voltages in a range of, for example, up to
approximately 30 kV, which voltages are superimposed on the high voltage proper of
approximately 160 kV.

Finally, the intention with the invention is also to provide a high-voltage
connector of the kind specified in the opening paragraph that can be constructed relatively
simply and manufactured inexpensively.

This object is achieved in accordance with claim 1 by a high-voltage
connector, having a plug with a rubber cone for insertion in a mating connector-half, the

rubber cone having a first portion and at least two second portions having respective female

- contacts for making contact with respective contact pins on the mating connector-half, the
- second cone portions being separated from one another by a slotted recess in the rubber cone

+ into which a ridge arranged on the mating connector-half extends to form a tight-fitting joint

insulated against high voltage.
A particular advantage of this solution is that, for example, single-pole high

voltages for a plurality of relatively high grid or focusing voltages can be carried by a plug-in-

- connector without this detracting from the insulation of the connector against high voltages.

A further advantage of this solution lies in the fact that the insulation against
high voltage is not reduced even by a large number of temperature cycles that involve
considerable thermal fluctuations due to the varying operating temperatures of the pieces of
equipment that are connected.

Finally, the high-voltage connector can also be produced in a relatively small
form.

The dependent claims relate to advantageous embodiments of the invention.

These and other aspects of the invention are apparent from and will be

elucidated with reference to the embodiments described hereinafter.

In the drawing:
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Fig. 1 is a diagrammatic cross-section through a high-voltage connector
according to the invention.

The invention will be described below by reference to an embodiment of high-
voltage connector which is able to carry, or in other words insulates, a single-pole high
voltage of up to approximately 200 kV and, on this potential, two grid or focusing voltages of
up to approximately 30 k'V.

The high-voltage connector is composed essentially of a plug 10 and a socket
or mating connector-half 20. Connected to the plug 10 is the end of a high-voltage cable 11,
while the socket 20 is installed in the usual way in a housing 30 of a high-voltage device such
as, for example, a high-voltage generator or an X-ray generator.

Having been inserted in the socket 20, the plug 10 is locked to the socket 20
by a fastening means 12 such as, for example, a bayonet lock or screwed closure.

An essential part of the plug 10 is the rubber cone 131; 132, 133, which is
composed of a first cone portion 131 and at least two second cone portions 132, 133 at the tip
of the first cone portion 131. .

Between the rubber cone 131; 132, 133 and the socket 20 is situated what is
known as a tight-fitting joint 14, for the insulation of which against high voltages it is most
important for there to be a high applied force between the rubber cone 131; 132, 133 and the
socket 20.

Between the tip 15 of the cone at the bottom end of the plug 10 (i.e. the bottom
end of the section cone portions 132, 133) and the floor 21 of the socket 20 is a first
expansion space 22 which is at least sufficiently deep to provide enough room for axial
thermal expansion of the rubber cone 131; 132, 133 when heated to any realistic operating
temperature by the components that are connected.

In the simplest case, the first expansion space 22 is filled with air. It may
however equally well contain some other gas such as, for example, nitrogen or may, if
required, be under vacuum. The first expansion space 22 may also be filled with a material
that is able to be compressed by the rubber cone as it expands thermally. A material of this
kind is for example a suitable soft rubber or silicone containing gas inclusions.

Incorporated in the tip 15 of the cone are two female contacts 16, 17 to act as
contacts for the high voltage and, between them, a slot 18. The walls of the slot 18 are
preferably parallel to one another or extend towards one another in a substantially conical

shape. The width of the slot (in the direction perpendicular to the plane of the drawing in Fig.
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1) covers the full diameter of the rubber cone. For each bore 16; 17, this slot forms a
boundary of an individual second cone portion 132, 133,

When the plug 10 is inserted in the mating connector-half 20, there extend into
the female contacts 16, 17 respective corresponding contact pins 23, 24 which extend through
the mating connector-half 20 under insulated connections, and there extends into the slot 18 a
corresponding ridge 25 formed on the mating connector-half 20.

This ridge 25 is of substantially the same width as the slot 18, i.e. it extends in
the slot 18 across the full diameter of the rubber cone.

As shown in Fig. 1, the ridge 25 tapers in this case in its lengthwise direction
in a substantially conical shape. What is achieved in this way is that when the plug 10 is
inserted in the mating connector-half 20, a correspondingly high applied pressure arises
between the ridge 25 and the walls of the slot 18, and the second cone portions 132, 133 are
thus also each enclosed by a tight-fitting joint. High insulation against high voltages is

achieved in this way between the contacts pins 23, 24 and between the female contacts 16,

- 17.

At the same time, the ridge 25 also helps to increase the applied pressure
between the second cone portions 132, 133 and the regions of the inner wall of the mating
connector-half 20 that bear against them.

In place of this construction, looking from below in an end-on view of what is
shown in Fig. 1, there may equally well be incorporated in the tip of the cone four first
female contacts, arranged substantially at the corners of a square, for corresponding contact
pins, together with a slot, which is cruciform in this case, between the female contacts, to
produce four second cone portions each with a female contact.

In the embodiment shown in Fig. 1, the first contact pin 23 for example may
be used as a contact for the high voltage and the second contact pin 24 as a contact for the
grid or focusing voltage superimposed on the high voltage. To ensure that safe and secure
contact is made, the female contacts 16, 17 are provided with known contacting faces or are
clad in a known manner. The conductors connected to the female contacts, which run through
the rubber cone 131, 132; 131, 133, are not shown.

The depth of the slot 18 in the rubber cone and the length of the ridge 25 are
adjusted to one another in such a way that a second expansion space 19 is left, in a similar
way to what happens between the tip 15 of the cone and the floor 21 of the mating connector-
half 20. With regard to the sizing and operation of this second expansion space 19, the same

applies as was explained above with regard to the first expansion space 22.
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As is also clear from Fig. 1, the first angle A to the vertical at which the first
cone portion 131 is applied to the inner wall of the mating connector-half 20 is larger (and is
for example approximately 6°) than the second angle B to the vertical (which is for example
approximately 2°) at which the second cone portions 132, 133 are applied to the said inner
wall. When the plug 10 is pressed into the mating connector-half 20, this stops the tight-
fitting joint 14 at the second cone portions 132, 133 from reducing the applied force at the
tight-fitting joint 14 at the first cone portion 131, which insulates the high voltage, and stops
a risk of high-voltage flashovers from arising in this way.

It would however also be possible for both the angles of application A, B to be
made of the same size.

The angle of application to the vertical between the ridge 25 and the side-walls
of the slot 18 substantially corresponds to the second angle of application B between the
second cone portions 132, 133 and the inner wall of the mating connector-half 20, or is
smaller than it.

In this way, the first cone portion 131 serves to insulate the high voltage (high-
voltage cone or main cone), whereas the second cone portions 132, 133 perform the function
of insulating the grid and/or focusing voltages (grid cones).

What is achieved with the design according to the invention is, at the same
time, both good insulation against high voltages for the tight-fitting joint 14 between the first
cone portion 131 and the inner wall of the mating connector-half 20, and also good insulation
against high voltages for the tight-fitting joints between the second cone portions 132, 133
(and hence between the female contacts 16, 17 themselves and between the contact or
connecting pins 23, 24 themselves).

The high-voltage plug-in connector according to the invention opens up the
possibility of using, in high-grade X-ray systems, single-pole high-powered X-ray tubes
operating at a high voltage level (such as 160 kV single pole for example) and having a
plurality of high grid or focusing voltages (e.g. twice 10 kV), for which tubes is required a
rubber-cone plug-in connector having a plurality of grid conductors or heating conductors

that is more stable at temperature and better insulated against high voltages.
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CLAIMS:

1. A high-voltage connector, having a plug (10) with a rubber cone (131; 132,
133) for insertion in a mating connector-half (20), the rubber cone having a first portion (131)
and at least two second cone portions (132, 133) having respective female contacts (16, 17)
for making contact with respective contact pins (23, 24) on the mating connector-half (20),
the second cone portions (132, 133) being separated from one another by a slotted recess (18)
in the rubber cone into which a ridge (25) arranged on the mating connector (20) extends to

form a tight-fitting joint insulated against high voltage.

2. A high-voltage connector as claimed in claim 1, in which there is a tight-
fitting joint (14) insulated against high voltage between the rubber cone (131; 132, 133) and
the mating connector-half (20) and wherein a first angle of application (A) of the tight-fitting
joint (14) between the first cone portion (131) and the mating connector-half (20) is equal to
or greater than a second angle of application (B) of the tight-fitting joint (14) between the
second cone portion (132, 133) and the mating connector-half (20).

is in the inter-inserted state, the ridge (25) extends into the recess (18) in a taperin a conical

shape.

4. A high-voltage connector as claimed in claim 3, in which a (third) angle of
application between the slotted recess (18) and the ridge (25) is equal to or less than the first
angle of application (A) between the first cone portion (131) and the inner wall of the mating
connector-half (20).

5. A high-voltage connector as claimed in claim 1, in which, when the connector
is in the inter-inserted state, a first expansion space (22), into which the rubber cone can
expand thermally, is present between the tip (15) of the rubber cone and a floor (21) of the

mating connector-half (20).
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6. A high-voltage connector as claimed in claim 1, in which the depth of the
slotted recess (18) and the length of the ridge (25) are adjusted to one another in such a way
that, when the connector is in the inter-inserted state, a second expansion space (19), into

which the rubber cone can expand thermally, is present at the tip of the ridge (25).

7. A high-voltage connector as claimed in claim 5 or 6, in which the expansion
space (22; 19) is filled with a medium that can be compressed by thermal expansion of the

rubber cone (131; 132, 133).

8. A high-voltage connector as claimed in claim 7, in which the medium is a gas

and/or a silicone material having gas inclusions.

9. A high-voltage cable, in particular for connecting an X-ray generator to a
high-voltage generator, having at least one high-voltage connector as claimed in any of the

foregoing claims.

10. An X-ray system having an X-ray generator and a high-voltage connector as

claimed in any of claims 1 to 8.



PCT/IB2005/051239

WO 2005/107021

1/1

10

 ——

7

i 80/
v
/ - A i ~
<t O i
/ — v o0
/r LN
i
7, \
7,77
7 \\\\\\\\
AT OO
A /e /7,
Ay DAY AT AL
ALY AT A A
QYA AN A VAT
1 /7 e /7,
A ALY LAY Ay
\\\\\\\\\\\\\\\ N \\\.\\\\\\\\\\\\\\ \\\ . <
VAN ADL /7, YA
2/, A (/A AL /7, L/
e YINI AN
’, (P r L S (P )
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ \\\\\\\\ DINIL n
7 9 d) (47
Al \\\\\\\\\\\N\\\\ AN A ~
\s\\\\\\\\\\\\\\\ e S e A,
(YA A AT LN A LAY
AN IR A I AL 4
\\\\\ , /7, 277, £/ —
(2 /7 /7, VIR AT AN A ™M
WAL /", ” o
ALY A VAL LN AT
DALY A AT AV oY
I S S L
O AT LN AT ”
WAAN A D
YN AL AL
/AL A L
(AP YA i
V.2 o
NN o O
e
® o9 o~
i i ~
re vl
N e 9
o

FIG.1



INTERNATIONAL SEARCH REPORT

Interna) | Application No

PCT/IB2005/051239

A. CLASSIFICATION OF SUBJECT MATTER

IPC 7 HO1R13/53

According to International Patent Classification (IPC) or to both national classification and iPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC 7 HOIR

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

Y FR 2 755 797 A (GE MEDICAL SYSTEMS SA
: 15 May 1998 (1998-05-15) :
page 2, line 33 - page 3, line 8; claims
1,14; figures 7-12b
Y US 5 173 062 A (UCHIDA ET AL)
22 December 1992 (1992-12-22)
column 3, Tine 4 - column 8, line 58;
figures 1,4,5 ‘

CO0. KG) 5 March 2003 (2003-03-05)
column 3, 1ine 48 ~ Tine 51; figure 1

A US 5 358 419 A (PEJSA ET AL)
25 October 1994 (1994-10-25)
the whole document

1-10

1-10

Further documents are listed in the continuation of box C. Patent family members are listed in annex.

° Special categories of cited documents :

*A" document defining the general state of the art which is not
considered to be of particular relevance invention

*E" earlier document but published on or after the international

which is cited to establish the pubfication date of another
citation or other special reason (as specified)

“T* later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the

filing dat *X* document of particular relevance; the claimed invention
iling cale cannot be considered novel or cannot be considered to
"L* document which may throw doubts on priotity claim(s) or involve an inventive step when the document is taken alone

*Y* document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the

European Patent Office, P.B. 5818 Patentlaan 2
NL — 2280 HV Rijswijk
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl,

*0O" document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu-
other means ments, such combination being obvious to a person skilled
*P* document published prior to the international filing date but in the art.
later than the priority date claimed *&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
4 August 2005 22/08/2005
Name and mailing address of the ISA Authorized officer

Fax: (+31-70) 340-3016 Arenz, R

Form PCT/ISA/210 (second sheet) (January 2004)




INTERNATIONAL SEARCH REPORT

Intern | Application No

PCT/IB2005/051239

C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

Category °

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

US 2002/068473 Al (JEDLITSCHKA HANS W.A ET
AL) 6 June 2002 (2002-06-06)

the whole document

US 4 335 928 A (BARRETT ET AL)

22 June 1982 (1982-06-22)

the whole document

DE 10 92 090 B (SIEMENS-REINIGER-WERKE
AKTIENGESELLSCHAFT)

3 November 1960 (1960-11-03)

cited in the application

the whole document

7,8

Form PCT/ISA/210 (continuation of second sheet) (January 2004}




INTERNATIONAL SEARCH REPORT

mPermation on patent family members

Interna

| Application No

PCT/1B2005/051239

Patent document Publication Patent family Publication
cited in search report date member(s) date
FR 2755797 A 15-05-1998 FR 2755797 Al 15-05-1998
DE 69723720 D1 28-08-2003
DE 69723720 T2 15-04-2004
EP 0938759 Al 01-09-1999
Wo 9821786 Al 22-05-1998
JP 2001503564 T 13-03-2001
US 5173062 A 22-12-1992 JP 1967676 C 18-09-1995
JP 4112470 A 14-04-1992
JP 6101356 B 12-12-1994
JP 2078151 C 09-08-1996
JP 4206177 A 28-07-1992
JP 7118344 B 18-12-1995
DE 4128928 Al +19-03-1992
ES 2039179 A2 01-09-1993
FR 2667732 Al 10-04-1992
GB 2248149 A ,B 25-03-1992
NL 9101481 A ,B, 16-03-1992
EP 1289075 A 05-03-2003 DE 10142195 Al 24-04-2003
‘ EP 1289075 A2 . 05-03-2003
US 5358419 A 25-10-1994  JP 7153399 A 16-06-1995
US 2002068473 Al 06-06-2002 FR 2817667 Al 07-06-2002

US 4335928 A 22-06-1982  NONE

DE 1092090 B 03-11-1960  NONE

Form PCT/ISA/210 (p:atent family annex) (January 2004)



	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

