wO 2009/061968 A 1 |10 00 OO T O 0T 0

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

(19) World Intellectual Property Organization Vd”Ij

) IO O O O O

International Bureau

(43) International Publication Date
14 May 2009 (14.05.2009)

(10) International Publication Number

WO 2009/061968 Al

(51) International Patent Classification:
GO8B 13/14 (2006.01)

(21) International Application Number:
PCT/US2008/082699

(22) International Filing Date:
6 November 2008 (06.11.2008)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

60/985,916 6 November 2007 (06.11.2007) US
(71) Applicant and
(72) Inventor: BINMORE, Ian, Rex [US/US]; 12406 Bur-

goyne Dr., Houston, TX 77077 (US).

(74) Agent: SCHAFER, Richard, A.; Akin Gump Strauss
Hauver & Feld LLP, 1111 Louisiana Street, 44th Floor,
Houston, TX 77002 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,

AOQ, AT, AU, AZ,BA, BB, BG, BH, BR, BW, BY, BZ, CA,
CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE,
EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,
1L, IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK,
LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW,
MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT,
RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TJ,
™™, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB,GR, HR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL,
NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG,
CIL, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to the identity of the inventor (Rule 4.17(i))

as to applicant’s entitlement to apply for and be granted a
patent (Rule 4.17(ii))

Published:
with international search report

(54) Title: RFID TRANSPONDER ENCLOSURE FOR HARSH ENVIROMENTS

(57) Abstract: A radio frequency identification device is enclosed in an enclosure suitable for harsh environments, and is resistant
to physical, chemical, temperature, and electro-magnetic abuse. The enclosure includes a shell member configured to deflect direct
blows to the transponder and can be shaped to fit various types of surfaces to which it can be affixed.



WO 2009/061968 PCT/US2008/082699

TITLE OF INVENTION

RFID Transponder Enclosure for Harsh Environments

TECHNICAL FIELD

[0001] The present invention relates to the field of radio frequency identification (RFID),

and in particular to RFID devices for harsh environments.

BACKGROUND ART

[0002] Industrial equipment, such as that used in the oil industry to transfer fluids and
gases, has rigorous materials, inspection and use requirements where the accurate and rapid
identification of the equipment is necessary. The equipment referenced is typically subjected
to extremely harsh and abusive use. Industry attempts to affix devices containing RFID
transponders, generally referred to RFID tags, to equipment such as this has typically met

with failure due to the tag being damaged, lost or destroyed.

SUMMARY OF INVENTION

[0003] In one embodiment, an RFID tag comprises a mounting member, comprising a
shell member, an extension positioned with the shell member and configured for attachment
to a correspondingly configured surface, a eclastomeric member, positioned in the shell

member, and an RFID electronics assembly, positioned interior to the elastomeric member.

[0004] In another embodiment, a method of enclosing an RFID electronics assembly in
an RFID tag comprises embedding the RFID electronics assembly in an elastomeric member,
forming an impact-resistant shell in the RFID tag, and bonding the elastomeric member to the

shell.
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BRIEF DESCRIPTION OF DRAWINGS

[0005] The accompanying drawings, which are incorporated in and constitute a part of
this specification, illustrate an implementation of apparatus and methods consistent with the
present invention and, together with the detailed description, serve to explain advantages and

principles consistent with the invention. In the drawings,

[0006] Figure 1 is a top view illustrating a mounting member of an RFID tag according to

onc embodiment;

[0007] Figure 2 is a side view illustrating the mounting member of the RFID tag of Fig.

1, after formation of a shell member in the mounting member;

[0008] Figure 3 is a perspective view illustrating a separately formed shell member

according to another embodiment;

[0009] Figure 5a is a top view illustrating an elastomeric member according to one

embodiment;

[0010] Figure 5b is a side view illustrating the elastomeric member of Fig. 5b;

[0011] Figure 6 is an axial view illustrating an object with the RFID tag of Fig. 2 attached
to the object;

[0012] Figure 7 is a perspective view illustrating an RFID electronics assembly and

packing member according to one embodiment;

[0013] Figure 8 is a perspective view illustrating the RFID tag mounting member of Fig.

2 and the elastomeric member of Figs. 5a-5b;

[0014] Figure 9a is an end view illustrating an eclastomeric member of another

embodiment;

[0015] Figure 9b is a top view illustrating the elastomeric member of Fig. 9a.
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DESCRIPTION OF EMBODIMENTS

[0016] Various embodiments of an RFID tag are packaged in such a manner suitable for
harsh environments. The embodiments are extremely durable and resistant to physical,
chemical, temperature and electro-magnetic abuse. In addition, the various embodiments can
be produced economically and can be used for a wide range of harsh RFID placement

environments.

[0017] In one embodiment, an RFID electronics assembly with a dipole winding is placed
inside an impermeable housing within a protective and chemically resistant packaging which
in turn is placed under a protective hard outer shell. The outer shell is shaped to deflect direct
blows and may have extensions to it which may be shaped to fit various surfaces, be they flat,
curved or contoured. The extensions also enable the item to be welded, bolted, glued or
otherwise affixed to a parent component or to a part which in turn may be affixed to a parent

component.

[0018] Turning to Fig. 1, a mounting member 100 of one embodiment is illustrated in top
view. The mounting member 100 is shown prior to formation of a shell for holding the RFID
electronics assembly, and can be manufactured as a straight flat band, then shaped to fit the

desired configuration for mounting. An opening 110 is formed in the mounting member 100.

[0019] Then in Fig. 2, the mounting member 100 is illustrated in side view, after
formation of the shall member 210 and curving the mounting member 100 to match the
curvature of an object to which the mounting member 100 is to be attached (not shown in Fig.
2), typically referred to as a parent component. Extension arms 220 provide for attachment

of the mounting member to the parent component.

[0020] In one embodiment, the mounting member 100 is a steel band, but the mounting
member 100 can be any type of material appropriate for the mounting to the parent
component. In most oilfield equipment, for example, this will be a type of stainless steel,
however it may be MONEL® metal, aluminum, titanium, polyetheretherketone (PEEK)

plastic, or any other material appropriate for the intended application.

[0021] The mounting member 100 can be welded, glued, bolted or otherwise affixed to

the parent component. In some embodiments, an attachment portion, such as a slot, hole, or
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tab, can be formed in the ends of the extension arms 220, allowing for attachment of a band
or other attachment member to the mounting member to surround the parent component,

holding the mounting member in place.

[0022] Although the shell member 210 is illustrated and described above a integral with
the remainder of the mounting member 100, the shell member 210 can be manufactured as a
separate piece and attached to the mounting member 100 as desired. Fig. 3 is a perspective
view of a separate shell member 300, that is designed to be inserted through the opening 110
of the mounting member 100, instead of being integral with it. The shell member 300
typically has an opening 310, which functions as the opening 110 does in the integrally

formed shell member 210.

[0023] Turning now to Fig. 5a, an elastomeric member 500 according to one embodiment
is illustrated in top view. A raised portion 530 protrudes from the upper surface 510 of the
clastomeric member 500, to engage with the opening 110 in the shell member 210 of the
mounting member 100, as described below. The raised portion 530 can be formed in the
upper surface 510 directly, or by pressure when the elastomeric member 500 is positioned in
the shell member 210. In Fig. 5b, the elastomeric member 500 is illustrated in end view,
allowing the cavity 520 that is shown in phantom in Fig. 5a to be seen. The cavity 520 can be
formed by molding, grinding, drilling, or any other desired technique for forming a cavity in
the elastomeric member 500. The cavity 520 is sized to allow the insertion of the RFID

electronics assembly.

[0024] In one embodiment, the clastomeric member 500 is made out of PEEK
thermoplastic. PEEK is used because it is highly resistant to chemicals, has high strength,
absorbs impacts well, has a high melting point and maintains a low brittleness at temperatures
below that of liquid nitrogen. Pigment can be added to the elastomeric material for UV
resistance if desired. Other materials can be used instead of PEEK thermoplastic, depending
on the environmental and operational characteristics of the application. For example,
acrylonitrile butadiene styrene (ABS) or other molded plastic could be used under some

environmental and operational conditions.

[0025] Fig 6. is an axial view illustrating a mounting member 100 together with an

elastomeric member 500 as in Figs. 5a-5b, forming an RFID tag that is attached to an parent
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component 600. One skilled in the art will recognize that the shapes of the mounting member
100 and elastomeric member 500 are by way of example and illustrative only, and any

desired shape can be used to match the shape of the parent object 600.

[0026] The elastomeric member 500 holds an RFID electronics assembly 710 within a
packing member forming an impermeable, typically spherically ended, cylinder made of high
purity industrial grade glass 700, as shown in Fig. 7. For some applications, an optimal
frequency for the RFID electronics assembly 710 is 125KHz-135KHz, but in other
applications a different frequency range may be optimal. In some applications, a high
frequency RFID electronics assembly 710 can be used. The packing member 700 is inserted
into the cavity 520 in the elastomeric member 500 to minimize stress on the glass. The
cylindrical shape of the packing member of Fig. 7 is illustrative and by way of example only,
and other shapes can be used depending on the environmental conditions of the intended use.
In some embodiments, the packing member 700 is bonded to the elastomeric member 500 to
hold it in place using an epoxy. In such embodiments, the epoxy bonding the packing
member 700 to the clastomeric member 500 has properties that are appropriate for the
expansion coefficients of the material and the temperatures and chemicals to which the RFID

tag may be exposed.

[0027] As described above, the lobe 530 of the elastomeric member 500 containing the
RFID electronics assembly can be designed to protrude up into the opening 110 of the shell
member 210 so that if the elastomeric member 500 debonds from the shell member 510, the
elastomeric member 500 will continue to be effectively retained under the shell member 210

by the lobe or raised section 530.

[0028] In some embodiments, such as illustrated in Fig. 8, the window or opening 110 of
the shell member 210 is designed and manufactured such that the internal edges 810 adjacent
the opening 110 of the shell member 210 form an oblique angle relative to the elastomeric
member 500, allowing for the bonding material of the elastomeric member 500 to have a
stronger bond to the shell member 210. In on embodiment, the bonding material is an epoxy.
In another embodiment, the bonding material is the same material as the elastomeric member
500 itself, such as would occur if the elastomeric material is insert molded onto the shell

member 210 during manufacture.
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[0029] In one embodiment, the RFID electronics assembly 710 is packed within the
packing member 700 in a silicon or other similar gel material to absorb vibration and avoid
crystallization at sustained high temperatures. Other types of materials can be used, so long as
they reduce vibration transmission to the RFID electronics assembly or avoid crystallization
at sustained high temperatures. One such material is a silica gel that allows operation of the
RFID tag at sustained temperatures over 160°C. The specific temperature range is illustrative
only, and use of materials that would allow operation of the RFID tags at other sustained
temperature ranges is contemplated. The RFID electronics assembly 710 typically has wire
bondings that are appropriate for the sustained high and low temperatures that they will
encounter in some applications and carries an identifier in such a manner that the identity of
the RFID tag will not be lost during sustained high temperature exposure. In some
embodiments, the RFID electronics assembly 710 is designed such that it will continue to
perform well in high magnetic fields and not be destroyed by rapid and strong magnetic
fluctuations nearby. Preferably, the winding of the RFID antennae is placed around a dipole

such that the signal will be optimized within the shape of the shell member 210.

[0030] The shell member 210 as illustrated in the figures has a convex configuration
containing the elastomeric member 500 containing the RFID electronics module. The convex
configuration is designed to provide a curved surface that would deflect blows or forces
occurring across an axis parallel to the curved surface. The shell member 210 is designed to
be strong enough and the angles of the convex curve are configured so as to transfer the
energy of most anticipated direct blows through to the parent part 600, rather than allowing
significant deformation of the RFID electronics assembly 710, causing failure of the RFID
tag.

[0031] The curved shell member 210 as illustrated in the figures is open ended and open
topped via a small window, the opening 110. The RFID electronics assembly is situated with
the shell member in such a position that the RFID dipole antennae is parallel to the axis of the
shell member 210, optimizing the electromagnetic field of the assembly and the performance
of the antennae. The open ends of the convex curve of the shell member 210 allow the
electronic field to complete itself around the dipole curve. These features allow optimum
readability of the RFID tag, but are not all necessary for an RFID tag to work. For example, a

closed ended curved shell portion could be used to provide impact protection along other
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axes, such as a hemispherical shell. In such a configuration, additional windows optionally

may be formed in the protective shell member 210 for optimal field strength.

[0032] In one embodiment, the RFID electronics assembly 710 uses EPROMs to hold the
tag identity. In other embodiments, laser etched circuits can be used to configure the tag
identity, allowing use of the RFID electronics assembly 710 in environmental conditions

where EPROMs are unsatisfactory.

[0033] Figa. 9a-9b illustrate an elastomeric member 900 according to another
embodiment. In this embodiment, instead of a monolithic elastomeric member in clastomeric
member 500, the elastomeric member is composed of multiple parts that mate with each other
to form the elastomeric member 900. As shown in Fig. 9a, the elastomeric member 900 has
two portions 910 and 920. The relative shapes of the portions 910 and 920 are illustrative
and by way of example only and any desired pair of shapes can be used. For example, in one
embodiment, portion 910 can be a flat plate and portion 920 can be a covering for the plate

910, forming a cavity between the portions 910 and 920.

[0034] In some embodiments, as illustrated in Fig. 9a-9b, one or more clips 930 can be
used to hold the packing member 700 to one of the portions 910 or 920, holding the packing
member 700 in the elastomeric member 900. The shape of the clip 1000 is illustrative only
and any desired shape clip 1000 can be used. The clip can be formed integrally with one of
the portions 910 or 920, as shown in Figs. 9a-9b or can be formed separately and attached to
one of the portions 910 or 920 before use.

[0035] Alternatively, the packing member can be allowed to move in the elastomeric
member 500 or 900 by “floating” it in a cushioning gel, protecting the packing member 700
from vibrations and other physical forces with the gel, without rigidly bonding or holding the

packing member 700 in place.

[0036] In some embodiments, pressure exterior to the elastomeric member 500 or 900 is
equalized with pressure in the cavity or space interior to the elastomeric member 500 or 900,
to help avoid damage to the packing member 700. This is typically done by forming a
passageway from the interior of the elastomeric member 500 or 900 to an exterior surface,

such as the passageway 940 of Fig. 9b, but any technique for equalizing interior and exterior
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pressure can be used. The placement, size, and shape of the passageway 940 is by way of
example and illustrative only and any convenient passageway configuration and location can

be used.

[0037] While certain exemplary embodiments have been described in details and shown
in the accompanying drawings, it is to be understood that such embodiments are merely
illustrative of and not devised without departing from the basic scope thereof, which is

determined by the claims that follow.
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CLAIMS

We claim:

1. A RFID tag comprising:
a mounting member, comprising:
a shell member;
an extension positioned with the shell member and configured for
attachment to a correspondingly configured surface;
a elastomeric member, positioned in the shell member; and

an RFID electronics assembly, positioned interior to the elastomeric member.

2. The RFID tag of claim 1, the shell member comprising:

an opening formed through a surface of the shell member.

3. The RFID tag of claim 2, wherein the elastomeric member when positioned in

the shell member protrudes through the opening.

4. The RFID tag of claim 2, wherein an edge of the shell member adjoining the
opening is configured to improve bonding between the shell member and the elastomeric

member.

5. The RFID tag of claim 1, wherein the elastomeric member is bonded to the

shell member.,

6. The RFID tag of claim 1, the elastomeric member comprising:
a substantially cylindrical cavity formed axially within the elastomeric
member,

wherein the RFID electronics assembly is positioned in the cavity.

7. The RFID tag of claim 1, wherein the RFID electronics assembly is bonded to

the elastomeric member.
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8. The RFID tag of claim 1, wherein the elastomeric member is composed of an
clastomeric material selected to absorb impact, resist chemical degradation, and avoid

brittleness at temperatures below that of liquid nitrogen.

9. The RFID tag of claim 1, wherein the elastomeric member is composed of an

clastomeric material selected for resistance to ultraviolet radiation.

10. The RFID tag of claim 1, further comprising:

a packing member, the RFID electronics assembly packed within the packing
member,

wherein the packing member is selected for reduction of vibration
transmission between the elastomeric member and the RFID electronics assembly,

and for lack of crystallization at sustained high temperatures.

I1. The RFID tag of claim 1, the RFID electronics assembly comprising;:
an EPROM configured to hold an identity for the RFID tag.

12. The RFID tag of claim 1, the RFID electronics assembly comprising;:
a laser etched circuit configured to hold an identity for the RFID tag.

13. A method of enclosing an RFID electronics assembly in an RFID tag,

comprising:
embedding the RFID electronics assembly in an elastomeric member;
forming an impact-resistant shell in the RFID tag; and
bonding the elastomeric member to the shell.
14.  The method of claim 13, wherein the elastomeric member is composed of an

clastomeric material selected to absorb impact, resist chemical degradation, and avoid

brittleness at temperatures below that of liquid nitrogen

15. The method of claim 13, forming an impact-resistant shell comprising:
forming an opening in an attachment member; and
exerting pressure on the attachment member, thereby forming a protrusion in

the attachment member, the protrusion including the opening.

10
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16. The method of claim 13, embedding the RFID electronics assembly in an
elastomeric member comprising:
forming a cavity in the clastomeric member parallel to an axis of the
clastomeric member;
positioning the RFID electronics assembly in cavity; and

bonding the RFID electronics assembly to the elastomeric member.

17. The method of claim 13, further comprising:
forming an opening in the shell; and
positioning the elastomeric member in the shell,
wherein the elastomeric member protrudes through the opening when

positioned in the shell.

18. The method of claim 13, further comprising:

forming an opening in the shell,

wherein an edge of the shell adjacent to the opening forms an oblique angle
relative to the elastomeric member when the elastomeric member is positioned in the

shell.

20. The method of claim 13, embedding the RFID electronics assembly in an
elastomeric member comprising:
forming a first portion of the elastomeric member;
forming a second portion of the elastomeric member, configured to mate with
the first portion;
positioning the RFID electronics assembly between the first portion and the
second portion;

bonding the first portion to the second portion.

21. The method of claim 13, embedding the RFID electronics assembly in an
elastomeric member comprising:

holding the RFID electronics assembly in the elastomeric member with a clip.

22. The method of claim 13, embedding the RFID electronics assembly in an

elastomeric member comprising:

11
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cushioning the RFID electronics assembly in the elastomeric member with a

gel.

23. The method of claim 13, embedding the RFID electronics assembly in an
elastomeric member comprising:
equalizing a first pressure exterior to the eclastomeric member and a second

pressure interior to the elastomeric member.

12
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