wO 20207168147 A1 | NI 0000 KO0 0 0 0 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
20 August 2020 (20.08.2020)

(10) International Publication Number

WO 2020/168147 Al

WIPO I PCT

(51) International Patent Classification:
HOIR 13/02 (2006.01) HOIR 24/40 (2011.01)
HOIR 13/24 (2006.01) HOIR 24/44 (2011.01)
HOIR 24/38 (2011.01) HOIR 9/05 (2006.01)

(21) International Application Number:
PCT/US2020/018209

(22) International Filing Date:
14 February 2020 (14.02.2020)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:

2019-025592 15 February 2019 (15.02.2019) JP

(71) Applicant: ITT MANUFACTURING ENTERPRISES
LLC [US/US]; 1105 N. Market Street, Suite 1300, Wilm-
ington, Delaware 19801 (US).

(72) Inventors: IKENAKA, Kazuo; c/o [TT Manufacturing
Enterprises LLC, 1105 N. Market Street, Suite 1300, Wilm-

(74)

@81)

84

ington, Delaware 19801 (US). OKADA, Masahiro; c/o [TT
Manufacturing Enterprises LLC, 1105 N. Market Street,
Suite 1300, Wilmington, Delaware 19801 (US).

Agent: TURK, Carl K; Hertzberg, Turk, & Associates,
LLC, 3022 S. Morgan Point Road, No. 255, Mount Pleas-
ant, South Carolina 29466 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, KE, KG, KH, KN, KP, KR,
KW,KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, ST, SV, SY, TH, TJ, TM, TN, TR, TT,
TZ, UA, UG, US, UZ, VC, VN, WS, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,

(54) Title: COAXIAL CONNECTOR

Fig. 1
A0

(57) Abstract: Technologies are described for devices and methods to connect contacts. A female component may include a female
housing, an outer socket body, an outer spring, an outer piston, and a center contact. The outer piston may be a cylindrical tube segment
with a first end including a flat surface and dimples on a plane essentially perpendicular to inner and outer surfaces of the outer piston.
A second end of the outer piston may include a flat skewed surface which is not on a plane essentially perpendicular to the inner and
outer surfaces. A male component may include a male housing, an outer pin, and a center pin. The female housing may couple with
the male housing. The outer socket may couple with the outer pin. The outer pin may engage with the outer piston. The outer piston
may, upon engagement, contact the center contact with the center pin.

[Continued on next page]



WO 2020/168147 A |10} 00 00000 00 0 0O

GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, IR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SL SK, SM,
TR). OAPI (BF, BJ, CF, CG, CL CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:
—  with international search report (Art. 21(3))



WO 2020/168147 PCT/US2020/018209

COAXIAL CONNECTOR

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of Application No. 2019-025592 filed with the
Japan Patent Office on February 15, 2019. The disclosures of the above application are hereby

incorporated by reference for all purposes.

BACKGROUND

[0002] Unless otherwise indicated herein, the materials described in this section are not prior
art to the claims in this application and are not admitted to be prior art by inclusion in this
section.

[0003] Coaxial connectors may be used in industrial applications to connect coaxial cables
that transmit data. Coaxial connectors may include an outer conductor contact and an inner
conductor contact. Coaxial connectors may mechanically couple to another coaxial connector.
Coaxial connectors may have a male connector component and a female connector component
which join together to form a mated pair. A male connector component may be referred to as a
plug or pin and a female connector component may be referred to as a jack or socket. Coaxial

connector pairs may be coupled or mated by threading, bayonet coupling, or snap-on coupling.

SUMMARY

[0004] One embodiment of the invention is a connector effective to connect coaxial contacts.
The connector may comprise a female component. The female component may include a female
housing. The female component may include an outer socket body within the female housing.

The female component may include an outer spring within the outer socket body. The female
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component may include an outer piston within the outer socket. The outer piston may be a
cylindrical tube segment with an inner surface and an outer surface. The outer piston may have a
first piston end and a second piston end. The first piston end may have a flat surface which is on
a plane essentially perpendicular to the inner surface and the outer surface. The first piston end
may include dimples protruding out from the flat surface of the first piston end. The second
piston end may have a flat skewed surface which is not on a plane essentially perpendicular to
the inner surface and the outer surface. The second piston end may be in contact with an end of
the outer spring. The female component may include a center contact effective to conduct
electricity and within the outer spring and the outer piston. The female component may include a
first insulator between the center contact and the outer spring. The connector may comprise a
male component. The male component may include a male housing. The male component may
include an outer pin within the male housing. The male component may include a center pin
effective to conduct electricity and within the outer pin. The male component may include a
second insulator between the center pin and the outer pin. A first end of the female housing may
be configured to couple with a first end of the male housing. The outer socket may be
configured to couple with the outer pin. The outer pin may be configured to engage with the
outer piston. The outer piston may be configured to, upon engagement with the outer pin,
contact the center contact with the center pin.

[0005] Another embodiment of the invention includes a system to connect coaxial contacts.
The systems may comprise a receptacle. The receptacle may include at least one female
component. The at least one female component may include a female housing. The female
component may include an outer socket body within the female housing. The female component

may include an outer spring within the outer socket body. The female component may include
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an outer piston within the outer socket. The outer piston may be a cylindrical tube segment with
an inner surface and an outer surface. The outer piston may have a first piston end and a second
piston end. The first piston end may have a flat surface which is on a plane essentially
perpendicular to the inner surface and the outer surface. The first piston end may include
dimples protruding out from the flat surface of the first piston end. The second piston end may
have a flat skewed surface which is not on a plane essentially perpendicular to the inner surface
and the outer surface. The second piston end may be in contact with an end of the outer spring.
The female component may include a center contact effective to conduct electricity and within
the outer spring and the outer piston. The female component may include a first insulator
between the center contact and the outer spring. The system may comprise a plug. The plug
may include at least one a male component. The at least one male component may include a
male housing. The male component may include an outer pin within the male housing. The
male component may include a center pin effective to conduct electricity and within the outer
pin. The male component may include a second insulator between the center pin and the outer
pin. A first end of each female housing may be configured to couple with a first end of a
respective male housing. The outer socket may be configured to couple with the outer pin. The
outer pin may be configured to engage with the outer piston. The outer piston may be configured
to, upon engagement with the outer pin, contact the center contact with the center pin.

[0006] Another embodiment of the invention is a method to connect coaxial contacts. The
methods may comprise aligning a first end of a female housing of a female component with a
first end of a male housing of a male component. The female component may include a female
housing. The female component may include an outer socket body within the female housing.

The female component may include an outer spring within the outer socket body. The female



WO 2020/168147 PCT/US2020/018209

component may include an outer piston within the outer socket. The outer piston may be a
cylindrical tube segment with an inner surface and an outer surface. The outer piston may have a
first piston end and a second piston end. The first piston end may have a flat surface which is on
a plane essentially perpendicular to the inner surface and the outer surface. The first piston end
may include dimples protruding out from the flat surface of the first piston end. The second
piston end may have a flat skewed surface which is not on a plane essentially perpendicular to
the inner surface and the outer surface. The second piston end may be in contact with an end of
the outer spring. The female component may include a center contact effective to conduct
electricity. The center contact may be within the outer spring and the outer piston. The female
component may include a first insulator between the center contact and the outer spring. The
male component may include a male housing. The male component may include an outer pin
within the male housing. The male component may include a center pin effective to conduct
electricity. The center pin may be within the outer pin. The male component may include a
second insulator between the center pin and the outer pin. The methods may comprise coupling
the first end of the female housing with the first end of the male housing. The methods may
comprise coupling the outer socket with the outer pin. The methods may comprise engaging the
outer pin with outer piston. The methods may comprise contacting the center contact with the
center pin.

[0007] The foregoing summary is illustrative only and is not intended to be in any way
limiting. In addition to the illustrative aspects, embodiments, and features described above,
further aspects, embodiments, and features will become apparent by reference to the drawings

and the following detailed description.
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BRIEF DESCRIPTION OF THE FIGURES

[0008] The foregoing and other features of this disclosure will become more fully apparent
from the following description and appended claims, taken in conjunction with the
accompanying drawings. Understanding that these drawings depict only several embodiments in
accordance with the disclosure and are, therefore, not to be considered limiting of its scope, the
disclosure will be described with additional specificity and detail through use of the
accompanying drawings, in which:
[0009] Fig. 1 1s side cutout view of a female component of a coaxial connector and a male
component of a coaxial connector;

Fig. 2A is side perspective view of an outer piston of a female component of a coaxial
connector;

Fig 2B is a side perspective view of a dimple of an outer piston of a female
component of a coaxial connector;

Fig. 3 is side cutout view of a female component of a coaxial connector coupled to a
male component of a coaxial connector;

Fig. 4 is side cutout view of a female component of a coaxial connector coupled to a
male component of a coaxial connector;

Fig. 5 is side cutout view of a female component of a coaxial connector coupled to a
male component of a coaxial connector;

Fig. 6A is side perspective view of a plug and receptacle;

Fig. 6B 1s side perspective view of a plug coupled with a receptacle;

Fig. 7 is a side perspective view of a medical testing device utilizing multiple plugs

and receptacles;
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Fig. 8 is a long side cut out view of a plug with a clam shell and a receptacle;
Fig. 9 1s a short side cut out view of a plug with a clam shell and a receptacle; and
Fig. 10 illustrates a flow diagram for an example process to connect coaxial contacts,

all arranged according to at least some embodiments described herein.

DETAILED DESCRIPTION

[0010] In the following detailed description, reference is made to the accompanying
drawings, which form a part hereof. In the drawings, similar symbols typically identify similar
components, unless context dictates otherwise. The illustrative embodiments described in the
detailed description, drawings, and claims are not meant to be limiting. Other embodiments may
be utilized, and other changes may be made, without departing from the spirit or scope of the
subject matter presented herein. It will be readily understood that the aspects of the present
disclosure, as generally described herein, and illustrated in the Figures, can be arranged,
substituted, combined, separated, and designed in a wide variety of different configurations, all
of which are explicitly contemplated herein.

[0011] Fig. 1 1s side cutout view of a female component of a coaxial connector and a male
component of a coaxial connector, arranged in accordance with at least some embodiments
described herein. System 100 may include coaxial connector 10. Coaxial connector 10 may
include female connector 120 and male connector 160. Female connector 120 may include
female component 20 and female housing 55. Female component 20 may include an insulator
25, an outer spring 30, an outer piston 35, an outer socket body 40, a center contact 45 effective
to conduct electricity, and an inner spring 50. Outer socket body 40 may be within female
housing 55. Outer spring 30 and outer piston 35 may be within outer socket body 40. Center

contact 45 may be within outer spring 30 and outer piston 35. Insulator 25 may be between
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center contact 45 and outer spring 30. Female housing 55 may include a first end 52 and a
second end 53. Male connector 160 may include male component 60 and male housing 80.
Male component 60 may include an outer pin 65, an insulator 70, and a center pin 75 effective to
conduct electricity. Insulator 70 may be between center pin 75 and outer pin 65. Male housing
80 may include a first end 82 and a second end 83. First end 52 of female housing 55 may be
configured to couple with first end 82 of male housing 80. First end 52 of female housing 55
may be aligned with first end 82 of male housing 80 and first end 52 of female housing 55 may
fit within first end 82 of male housing 80. First end 52 of female housing 55 may be configured
to facilitate coupling of center contact 45 of outer socket body 40 of female component 20 with
outer pin 65 of male component 60. Outer pin 65 may fit within outer socket body 40 when
female component 20 and male component 60 couple, and outer pin 65 may engage with outer
piston 35. Outer socket body 40 and outer piston 35 may be non-magnetic and may be coated in
nickel-phosphorus thin film plating or a ternary alloy of copper, tin and zinc thin film plating.
All metal components of female component 20 may be non-magnetic. Outer pin 65 may engage
with outer piston 35 and compress outer spring 30 when female component 20 and male
component 60 couple. All metal components of male component 60 may be non-magnetic.
Spring 30 may be beryllium copper and may be non-magnetic. Upon mating of male component
60 and female component 20, outer piston 35 may move with compressed spring 30 and may
expose center contact 45. Center contact 45 of female component 20 may fit within outer pin 65
and may engage with center pin 75 of male component 60. Inner spring 50 may compress when
center contact 45 engages with center pin 75. Center pin 75 may be non-magnetic and may be
coated in nickel-phosphorus thin film plating or a ternary alloy of copper, tin and zinc thin film

plating. As explained in more detail below, outer piston 35 may be configured to engage with
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outer pin 65 and facilitate coupling of center contact 45 of female component 20 with center pin
75 of male component 60.

[0012] Fig. 2A 1s side perspective view of an outer piston of a female component of a coaxial
connector, arranged in accordance with at least some embodiments described herein. Fig 2B is a
side perspective view of a dimple of an outer piston of a female component of a coaxial
connector, arranged in accordance with at least some embodiments described herein. Those
components in Figs. 2A and 2B that are labeled identically to components of Fig. 1 will not be
described again for the purposes of brevity.

[0013] Outer piston 35 may be a hollow cylindrical tube segment with a first end 205, a
second end 210, an outer surface 212a and an inner surface 212b. Outer piston may be a copper
alloy such as brass or bronze. Inner surface 212b or outer piston 35 may define a channel 215
through outer piston 35 from first end 205 to second end 210. First end 205 of outer piston 35
may have a flat surface 220 on a plane essentially perpendicular to outer surface 212a and inner
surface 212b. Second end 210 of outer piston 35 may have a flat skewed surface 222. Skewed
surface 222 may not be on a plane essentially perpendicular to outer surface 212a and inner
surface 212band may be at an angle from flat surface 220 of first end 205. Outer piston 35 not
be uniform in length due to skewed surface 222 and may range from a longest length of 214a to a
shortest length of 214b. Flat surface 220 of first end 205 may include dimples 225 protruding
out from flat surface 220. Dimples 225 may be half cylinders, bisected through a circular face of
the cylinder, with a flat side 230 and a curved side 235. Flat side 230 of dimples 225 may be
contiguous with flat surface 220 of outer piston 35 and curved side 235 may protrude from flat

surface 220 of outer piston 35.
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[0014] Fig. 3 is side cutout view of a female component of a coaxial connector coupled to a
male component of a coaxial connector, arranged in accordance with at least some embodiments
described herein. Those components in Fig. 3 that are labeled identically to components of Figs.
1-2 will not be described again for the purposes of brevity.

[0015] Outer pin 65 of male component 60 may fit within outer socket body 40 of female
component 20 when male component 60 and female component 20 couple. Outer pin 65 may
contact and engage with dimples 225 of outer piston 35. Dimples 225 may reduce a contact area
between outer piston 35 and outer pin 65. Dimples 225 may reduce contact stress between outer
piston 35 and outer pin 65. Dimples 225 may optimize a Hertz stress during contact between
outer piston 35 and outer pin 65.

[0016] Outer pin 65 may engage with dimples 225 of outer piston 35 and compress outer
spring 30. Outer piston 35 may move with compressed spring 30 and may expose center contact
45. Center contact 45 of female component 20 may fit within outer pin 65 and may engage with
center pin 75 of male component 60. Outer spring 30 may, upon compression, apply a force 310
to skewed surface 222 of outer piston 35 at longest side length of 214a and may apply a second
force 320 to skewed surface 222 of outer piston 35 at shortest side length 214b. Force 310 may
be greater than force 320 due to spring 30 being more compressed by skewed surface 222 of
outer piston 35 at longest side length of 214a than by skewed surface 222 of outer piston 35 at
shortest side length 214b. Force 310, being greater than force 320, may in turn apply a force
330, at an end of longest side length 214a that is adjacent to skewed surface 222, towards outer
socket body 40. Force 310 being greater than force 320, may, in turn, also apply a force 340, at
an end of shortest side length 214b and adjacent to flat surface 220, towards outer socket body

40. Forces 330 and 340 may allow outer piston 35 to slide within outer socket body 40 with low
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contact resistance. Outer piston 35 engaged with outer pin 65 may facilitate contact between
center contact 45 of female component 20 with center pin 75 of male component 60.

[0017] Fig. 4 1s side cutout view of a female component of a coaxial connector coupled to a
male component of a coaxial connector, arranged in accordance with at least some embodiments
described herein. Those components in Fig. 4 that are labeled identically to components of Figs.
1-3 will not be described again for the purposes of brevity.

[0018] First end 52 of female housing 55 may be configured to couple with first end 82 of
male housing 80. First end 52 of female housing 55 may fit within first end 82 of male housing
80 and may be configured to facilitate coupling of contact of outer socket body 40 of female
component 20 with outer pin 65 of male component 60. First end 52 of female housing 55 and
first end 82 of male housing 80 may be misaligned and may include a gap between a side of first
end 52 of female housing 55 and a side of first end 82 of male housing 80. Outer pin 65 of male
component 60 may fit within outer socket body 40 of female component 20 when male
component 60 and female component 20 couple. Outer pin 65 may contact and engage with
dimples 225 of outer piston 35. Outer pin 65 may engage with dimples 225 of outer piston 35
and compress outer spring 30. Outer piston 35 may move with compressed spring 30 and may
expose center contact 45. Center contact 45 of female component 20 may fit within outer pin 65
and may engage with center pin 75 of male component 60.

[0019] As explained above, outer spring 30 may, upon compression, apply forces to outer
piston 35 and may allow outer piston 35 to slide within outer socket body 40 with low contact
resistance. Outer piston 35 engaged with outer pin 65 may facilitate contact between center
contact 45 of female component 20 with center pin 75 of male component 60 and may

compensate for a misalignment of outer pin 65 and outer socket body 40 such as coupling at an

10
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oblique angle. Outer piston 35 may compensate for a misalignment of center contact 45 of
female component 20 with center pin 75 of male component 60 of +/- 0.3 mm 1n an axial (X,Y)
direction.

[0020] Fig. 5 is side cutout view of a female component of a coaxial connector coupled to a
male component of a coaxial connector, arranged in accordance with at least some embodiments
described herein. Those components in Fig. 5 that are labeled identically to components of Figs.
1-4 will not be described again for the purposes of brevity.

[0021] First end 52 of female housing 55 may be configured to couple with first end 82 of
male housing 80. First end 52 of female housing 55 may fit within first end 82 of male housing
80 and may be configured to facilitate coupling of outer socket body 40 of female component 20
with outer pin 65 of male component 60. First end 52 of female housing 55 and first end 82 of
male housing 80 may be misaligned and may include a gap 510 between end of first end 52 of
female housing 55 and male housing 80. Outer pin 65 of male component 60 may fit within
outer socket body 40 of female component 20 when male component 60 and female component
20 couple. Outer pin 65 may contact and engage with dimples 225 of outer piston 35. Outer pin
65 may engage with dimples 225 of outer piston 35 and compress outer spring 30. Outer piston
35 may move with compressed spring 30 and may expose center contact 45. Center contact 45
of female component 20 may fit within outer pin 65 and may engage with center pin 75 of male
component 60.

[0022] As explained above, outer spring 30 may, upon compression, apply forces to outer
piston 35 and may allow outer piston 35 to slide within outer socket body 40 with low contact
resistance. Outer piston 35 engaged with outer pin 65 may facilitate contact between center

contact 45 of female component 20 with center pin 75 of male component 60. Outer piston 35

11
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may compensate for a misalignment of outer pin 65 and outer socket body 40. Outer piston 35
may compensate for a misalignment gap between first end 52 of female housing 55 and male
housing 80 of up to 1 mm.

[0023] Fig. 6A is side perspective view of a plug and a receptacle, arranged in accordance
with at least some embodiments described herein. Fig. 6B is side perspective view of a plug
coupled with a receptacle, arranged in accordance with at least some embodiments described
herein. Those components in Figs. 6A and 6B that are labeled identically to components of Figs.
1-5 will not be described again for the purposes of brevity.

[0024] System 600 may include a plug 610 and a receptacle 620. In an embodiment, plug
610 may include multiple male components 60 and receptacle 620 may include multiple female
components 20. Plug 610 may be configured to couple with receptacle 620 such that each male
component 60 1s coupled to a respective female component 20 within receptacle 620. Plug 610
and receptacle 620 may be components for a coaxial connector. Plug 610 and receptacle 620
may be waterproof and may be utilized in industry. All metal components of plug 610 and
receptacle 620 may be non-magnetic. Plug 610 and receptacle 620 may be used on medical
testing equipment such as magnetic resonance imaging (MRI) equipment. Plug 610 and
receptacle 620 may also be used as a catheter connector or endoscope connector for medical
equipment.

[0025] Fig. 7 1s a side perspective view of a medical testing device utilizing multiple plugs
and receptacles, arranged in accordance with at least some embodiments described herein. Those
components in Fig. 7 that are labeled identically to components of Figs. 1-6 will not be described

again for the purposes of brevity.

12
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[0026] A medical testing device 710 may include a cover 720 and a base 730. Cover 720
may include multiple male connectors 160 with male components 60. Base 730 may include
multiple female connectors 120 with female components 20. Male connectors 160 of cover 720
may couple with female connectors 120 of base 730.

[0027] Fig. 8 is a long side cut out view of a plug with a clam shell and a receptacle,
arranged in accordance with at least some embodiments described herein. Those components in
Fig. 8 that are labeled identically to components of Figs. 1-7 will not be described again for the
purposes of brevity.

[0028] System 800 may include a plug 810 with a clam shell 815 and a receptacle 820. In an
embodiment, plug 810 may include clam shell 815 and multiple male components 60. Clam
shell 815 may be a waterproof barrier for plug 810. Receptacle 820 may include multiple
female components 20. Plug 810 may be configured to couple with receptacle 820 such that
each male component 60 is coupled to a respective female component 20 within receptacle 820.
Plug 810 and receptacle 820 may be components for a coaxial connector.

[0029] Fig. 9 is a short side cut out view of a plug with a clam shell and a receptacle,
arranged in accordance with at least some embodiments described herein. Those components in
Fig. 9 that are labeled identically to components of Figs. 1-8 will not be described again for the
purposes of brevity.

[0030] System 900 may include plug 810 with clam shell 815 and receptacle 820. Plug 810
may include clam shell 815, lock lever 910, and multiple male components 60. Receptacle 820
may include protrusions 920 and multiple female components 20. Plug 810 may be configured

to couple with receptacle 820 such that lock levers 910 clip to protrusions 920 and lock plug 810

13
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to receptacle 820 and each male component 60 is coupled to a respective female component 20
within receptacle 820.

[0031] A device in accordance with the present disclosure may allow for coupling of coaxial
contacts through over 100,000 mating cycles. A device in accordance with the present disclosure
may provide a spring load coaxial contact that may compensate for misalignment between a male
component and a female component of +/- 0.3 mm 1n an axial (X, Y) direction. A device in
accordance with the present disclosure may provide a spring load coaxial contact that may
compensate for misalignment gap between an end of a female housing and a male housing of up
to 1 mm. A device in accordance with the present disclosure may provide a plug and receptacle
for use with medical equipment such as magnetic resonance imaging (MRI) equipment.

[0032] Fig. 10 illustrates a flow diagram for an example process to connect coaxial contacts,
arranged in accordance with at least some embodiments presented herein. An example process
may include one or more operations, actions, or functions as illustrated by one or more of blocks
S2, S4, S6, S8, and/or S10. Although illustrated as discrete blocks, various blocks may be
divided into additional blocks, combined into fewer blocks, or eliminated, depending on the
desired implementation.

[0033] Processing may begin at block S2, "Align a first end of a female housing of a female
component with a first end of a male housing of a male component, wherein the female
component includes a female housing, an outer socket body within the female housing; an outer
spring within the outer socket body, an outer piston within the outer socket, wherein the outer
piston is a cylindrical tube segment with an inner surface and an outer surface, the outer piston
has a first piston end and a second piston end, the first piston end has a flat surface which is on a

plane essentially perpendicular to the inner surface and the outer surface, the first piston end

14
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includes dimples protruding out from the flat surface of the first piston end, the second piston
end has a flat skewed surface which is not on a plane essentially perpendicular to the inner
surface and the outer surface, and the second piston end is in contact with an end of the outer
spring; a center contact effective to conduct electricity and within the outer spring and the outer
piston, and a first insulator between the center contact and the outer spring, and the male
component includes, a male housing, an outer pin within the male housing, a center pin effective
to conduct electricity and within the outer pin, and a second insulator between the center pin and
the outer pin". At block S2, a first end of a female housing of a female component may be
aligned with a first end of a male housing of a male component. The female component may
include a female housing, an outer socket body within the female housing, an outer spring within
the outer socket body, an outer piston within the outer socket, a center contact, and a first
insulator between the center contact and the outer spring. The outer piston may be a cylindrical
tube segment with an inner surface and an outer surface. The outer piston may have a first piston
end and a second piston end. The first piston end may have a flat surface which is on a plane
essentially perpendicular to the inner surface and the outer surface. The first piston end may
include dimples protruding out from the flat surface of the first piston end. The second piston
end may have a flat skewed surface which is not on a plane essentially perpendicular to the inner
surface and the outer surface. The second piston end may be in contact with an end of the outer
spring. The center contact may be effective to conduct electricity. The center contact may be
within the outer spring and the outer piston. The male component may include a male housing,
an outer pin within the male housing, a center pin, and a second insulator between the center pin
and the outer pin. The center pin may be effective to conduct electricity. The center pin may be

within the outer pin.
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[0034] Processing may continue from block S2 to block S4, "Couple the first end of the
female housing with the first end of the male housing". At block S4, the first end of the female
housing may be coupled to the first end of the male housing. The first end of the female
housing may be configured to couple with the first end of the male housing.

[0035] Processing may continue from block S4 to block S6, "Couple the outer socket with
the outer pin". At block S6, the outer socket of the female component may be coupled with the
outer pin of the male component. The outer socket of the female component may be configured
to couple with the outer pin of the male component.

[0036] Processing may continue from block S6 to block S8, "Engage the outer pin with outer
piston". At block S8, the outer pin of the male component may engage with the outer piston of
the female component. The outer pin of the male component may be configured to engage with
the outer piston of the female component.

[0037] Processing may continue from block S8 to block S10, "Contact the center contact
with the center pin". At block S10, the center contact of the female component may contact with
the center pin of the male component. The outer piston may be configured to, upon engagement
with the outer pin, contact the center contact with the center pin.

[0038] While various aspects and embodiments have been disclosed herein, other aspects and
embodiments will be apparent to those skilled in the art. The various aspects and embodiments
disclosed herein are for purposes of illustration and are not intended to be limiting, with the true

scope and spirit being indicated by the following claims.
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CLAIMS

What 1s claimed is:

1. A connector effective to connect coaxial contacts, the connector comprising;:
a female component, wherein the female component includes:

a female housing;

an outer socket body within the female housing;

an outer spring within the outer socket body;

an outer piston within the outer socket body, wherein the outer piston is a
cylindrical tube segment with an inner surface and an outer surface, the outer piston has a

first piston end and a second piston end, the first piston end has a flat surface which is on

a plane essentially perpendicular to the inner surface and the outer surface, the first piston

end includes dimples protruding out from the flat surface of the first piston end, the
second piston end has a flat skewed surface which is not on a plane essentially
perpendicular to the inner surface and the outer surface, and the second piston end is in

contact with an end of the outer spring;

a center contact effective to conduct electricity and within the outer spring and the

outer piston; and

a first insulator between the center contact and the outer spring;
a male component, wherein the male component includes:

a male housing;

an outer pin within the male housing;

a center pin effective to conduct electricity and within the outer pin; and
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a second insulator between the center pin and the outer pin;
wherein a first end of the female housing is configured to couple with a first end of the
male housing, the outer socket is configured to couple with the outer pin, the outer pin is
configured to engage with the outer piston, and the outer piston is configured to, upon

engagement with the outer pin, contact the center contact with the center pin.

2. The connector of claim 1, wherein the dimples are half cylinders, bisected through
a circular face of the cylinder, the dimples include a flat side and a curved side, the flat side of
the dimples is contiguous with the flat surface of the first piston end and the curved side of the

dimples protrude from the flat surface of the first piston end.

3. The connector of claim 2, wherein the dimples reduce a contact area between the

first piston end of the outer piston and the outer pin.

4. The connector of claim 2, wherein the dimples reduce contact stress between the

first piston end of the outer piston and the outer pin.

S. The connector of claim 2, wherein the dimples optimize a Hertz stress between

the first piston end of the outer piston and the outer pin when the first piston end of the outer

piston is in contact with the outer pin.

6. The connector of claim 1, wherein the outer socket body and the outer piston are

non-magnetic.
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7. The connector of claim 1, wherein the outer piston compensates for a

misalignment of the center contact and the center pin of +/- 0.3 mm in an axial direction.

8 The connector of claim 1, wherein the outer piston compensates for a
misalignment between the first end of the female component and the male housing of up to 1

mm.

9. A system to connect coaxial contacts, the system comprising:

a receptacle wherein the receptacle includes at least one female component, wherein the
at least one female component includes:

a female housing;

an outer socket body within the female housing;

an outer spring within the outer socket body;

an outer piston within the outer socket body, wherein the outer piston is a cylindrical tube
segment with an inner surface and an outer surface, the outer piston has a first piston end and a
second piston end, the first piston end has a flat surface which is on a plane essentially
perpendicular to the inner surface and the outer surface, the first piston end includes dimples
protruding out from the flat surface of the first piston end, the second piston end has a flat
skewed surface which is not on a plane essentially perpendicular to the inner surface and the
outer surface, and the second piston end is in contact with an end of the outer spring;

a center contact effective to conduct electricity and within the outer spring and the outer
piston; and

a first insulator between the center contact and the outer spring;
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a plug, wherein the plug includes at least one a male component, wherein the at least one
male component includes:

a male housing;

an outer pin within the male housing;

a center pin effective to conduct electricity and within the outer pin; and

a second insulator between the center pin and the outer pin;

wherein a first end of each female housing is configured to couple with a first end of a
respective male housing, the outer socket is configured to couple with the outer pin, the outer pin
1s configured to engage with the outer piston, and the outer piston is configured to, upon

engagement with the outer pin, contact the center contact with the center pin.

10. The system of claim 9, wherein the dimples are half cylinders, bisected through a
circular face of the cylinder, the dimples include a flat side and a curved side, the flat side of the
dimples is contiguous with the flat surface of the first piston end and the curved side of the

dimples protrude from the flat surface the first piston end.

11. The system of claim 10, wherein the dimples reduce a contact area between the

first piston end of the outer piston and the outer pin.

12. The system of claim 10, wherein the dimples reduce contact stress between the

first piston end of the outer piston and the outer pin.
13. The system of claim 10, wherein the dimples optimize a Hertz stress between the

first piston end of the outer piston and the outer pin when the first piston end of the outer piston

is in contact with the outer pin.
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14. The system of claim 9, wherein the outer socket body and the outer piston are

non-magnetic and coated in nickel-phosphorus thin film plating.

15. The system of claim 10, wherein the plug and receptacle are part of magnetic

resonance imaging (MRI) equipment.

16. The system of claim 10, wherein the outer piston compensates for a misalignment

of the center contact and the center pin of +/- 0.3 mm in an axial direction.

17. The system of claim 10, wherein the outer piston compensates for a misalignment

between the first end of the female component and the male housing of up to 1 mm.

18. A method to connect coaxial contacts, the method comprising:
aligning a first end of a female housing of a female component with a first end of a male
housing of a male component, wherein the female component includes:
a female housing;
an outer socket body within the female housing;

an outer spring within the outer socket body;

an outer piston within the outer socket body, wherein the outer piston is a
cylindrical tube segment with an inner surface and an outer surface, the outer piston has a
first piston end and a second piston end, the first piston end has a flat surface which is on
a plane essentially perpendicular to the inner surface and the outer surface, the first piston
end includes dimples protruding out from the flat surface of the first piston end, the

second piston end has a flat skewed surface which is not on a plane essentially
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perpendicular to the inner surface and the outer surface, and the second piston end is in
contact with an end of the outer spring;

a center contact effective to conduct electricity and within the outer spring and the
outer piston; and

a first insulator between the center contact and the outer spring; and
the male component includes;

a male housing;

an outer pin within the male housing;

a center pin effective to conduct electricity and within the outer pin; and

a second insulator between the center pin and the outer pin;
coupling the first end of the female housing with the first end of the male housing;
coupling the outer socket with the outer pin;
engaging the outer pin with outer piston; and

contacting the center contact with the center pin.

19. The method of claim 18, wherein the outer piston compensates for a misalignment

of the center contact and the center pin of +/- 0.3 mm in an axial direction.

20. The method of claim 18, wherein the outer piston compensates for a misalignment

between the first end of the female component and the male housing of up to 1 mm.
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Fig. 10

Align a first end of a female housing of a female component witha first end of a
male housing of a male component, wherein the female component inciudes a female
housing, an outer socket body within the female housing, an outer spring within the outer
socket body, an outer piston within the outer socket, wherein the outer piston is a
cylindrical tube segment with an inner surface and an outer surface, the outer piston has a
first piston end and a second piston end, the first piston end has a flat surface whichisona
piane essentiaily perpendicular to the inner surface and the outer surface, the first piston end
includes dimples protruding out from the flat surface of the first piston end, the second
piston end has a flat skewed surface which is not on a plane essentially perpendicular to the
inner surface and the outer surface, and the second piston end is in contact with an end of
the outer spring, a center contact effective to conduct electricity and within the outer spring
and the outer piston, and a first insulator between the center contact and the outer spring,
and the male component includes, a male housing, an outer pin within the male housing; a
center pin effective to conduct electricity and within the outer pin; and a second insulator

between the center pin and the outer pin

l

Couple the first end of the female housing with the first end of the male housing

:

Couple the outer socket with the outer pin

'

Engage the outer pin with outer piston

:

Contact the center contact with the center pin
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