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SYSTEM AND METHOD FOR SEALING ELECTRICAL TERMINALS

FIELD OF THE INVENTION

[0001] The described invention relates generally to systems and methods for sealing ring
terminals and other types of terminals used in the automotive industry and other industries, and
more specifically to sealing systems and methods that include heat shrink tubing and sealant
systems that are used in combination with the heat shrink tubing. The heat shrink tubing
systems can be single-layered systems or multi-layered systems and the sealant systems may

include hot melt adhesives, butyl mastics, or other types of sealants.

DESCRIPTION OF RELATED ART

[0002] Ring terminals are typically used to attach electrical wires to studs or posts (such as
those found on vehicle batteries and other batteries) and are manufactured in various types and
sizes. Ring terminals typically include a ring portion and a wire attachment/connection portion
to which ¢lectrical wires are connected by welding or other means. Non-insulated ring
terminals can be crimped or soldered and may be finished off with heat shrink tubing to insulate
and protect the connection formed between the electrical wires and the wire attachment portion
of the terminal. Heat shrink tubing (HST) is a shrinkable plastic tube often used to insulate
clectrical wires. HST provides abrasion resistance and environmental sealing protection for
stranded and solid wire conductors, connections, joints, and terminals used in various electrical
applications. HST can also be used to repair damaged insulation on electrical wires, bundle
wires together, and to create cable entry seals. As stated above, HST may be a single-walled
system or a multi-walled system, wherein the multi-walled system includes at least one heat-
shrinkable layer and at least one layer of a sealant system. Heat shrink tubing is commonly
manufactured from fluoropolymer or polyolefin, which shrinks radially when heated. The
process of shrinking an HST is referred to as “recovering” an HST and the predetermined
temperature at which a HST starts to recover is referred to as its “recovery temperature”. As an
HST recovers, i.¢., shrinks, it exerts an inward force against the items it surrounds, which is
referred to as the “hoop stress” of the HST. More specifically, hoop stress (also known as
cylinder stress) is the force exerted circumferentially (perpendicular both to the axis and to the

radius of the object) in both directions on every particle in the tubing or cylinder wall. The
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degree of hoop stress is determined by certain HST characteristics such as the type of base
material, wall thickness, degree of cross-linking, and degree of expansion. Hoop stress is also

affected by process parameters such as temperature of recovery and degree of recovery.

[0003] Ring terminals currently used with passenger and commercial vehicle electrical systems
include single-wire and multi-wire configurations. Multi-wire configurations have created
significant challenges with regard to sealing the terminal-wire interface area on such terminals.
External sealant systems that include the use of heat shrink tubing and an adhesive/sealant layer
have been previously used to create a water tight seal in between and outside of the electrical
wires attached to the terminal. However, existing sealant systems are not capable of sealing the
multiple electrical wires (e.g., six or more wires) included in multi-wire configurations in a
simple and reliable manner. A first problematic situation involves the wicking of water (if
present in the operating environment); water can wick from the ring portion of the terminal
onto the wire attachment portion of the terminal, then onto the attached electrical wires, and
then from one end of the electrical wires to the other end thereof through the welded or crimped
interface; water can also wick from in between the wires and into the terminal. A second
problematic issue involves the flow or oozing of excessive adhesive or sealant onto the ring
portion of the ring terminal. Adhesive that is present on the ring portion can interfere with the

metal to metal contact that is needed for an effective electrical contact.

[0004] To overcome the limitations of sealing systems that involve the use of external adhesive
and heat shrink tubing, the industrial approach currently used involves a multi-component,
multi-step process. This process is labor intensive and expensive; therefore, there is an ongoing
need for a sealing system for use with ring terminals that meets all functional requirements in

a simplistic, reliable, and cost-effective manner.

SUMMARY OF THE INVENTION

{8885 The solution is provided by a system for sealing an e¢lectrical terminal. This system
includes a device for sealing a plurality of clectnical wites to a wire attachment portion of an

electrical termunal, wherein the device further includes a shrinkable tubing having a
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predetermined length, wherein the shrinkable tubing has been placed over the plurality of
clectrical wires sach that one end thereof extends over the wire attachment portion of the
clectrical termunal, a scalant/adhesive, placed within the heat shrinkable tubing, the
scalant/adhesive having a first poriion proximate to an edge of the heat shrinkable tubing. The
sealant/adhesive has a strip of lugh viscosity sealant/adhesive proxamate a strip of low viscosity
sealant/adhesive. Upon an application of heat to the device, after installation of the device over
the clectrical ternunal, the shonkable twbing staris to recover, the first portion of the
scalant/adhesive Hlows and seals free ends of the plurality of electrical wires o seal the fice

ends of the electrical wires.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] The accompanying drawings, which are incorporated into and form a part of the
specification, schematically illustrate one or more exemplary embodiments of the invention
and, together with the general description given above and detailed description given below,

serve to explain the principles of the invention, and wherein:

[0007] FIG. 1 is a perspective view of a ring-type electrical terminal that includes a plurality

of electrical wires attached to the wire attachment portion thereof.

[0008] FIG. 2 is a cross-sectional side view of a piece of shrinkable tubing that includes a lip
structure formed on one end thereof, in accordance with an exemplary embodiment of the

present invention.

[0009] FIG. 3 is a perspective view of a device for sealing an electrical terminal in accordance

with an exemplary embodiment of the present invention.

[0010] FIG. 4 is perspective cutaway view of the device of FIG. 3 after recovery of the device

from a heating source, showing the complete final geometry of the seal.

[0011] FIG. 5 is a cross-sectional side view of the device of FIG. 3 after recovery of the device

from a heating source, showing the complete final geometry of the seal.
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[0012] FIG. 6 is a perspective view of a device for sealing and ¢lectrical terminal in accordance

with another exemplary embodiment of the present invention.

[0013] FIG. 7 is a side view of the device of FIG. 6 shown installed over a ring terminal to

which electrical wires have been attached.

[0014] FIG. 8 is a side view of the device of FIG. 6 installed over a ring-type terminal to which
clectrical wires have been attached, shown after the device has been recovered from a heating

source.

[0015] FIG. 9 is a first cross-sectional end view taken along line 9-9 of the device of FIG. 6
shown after the device has been recovered from a heating source, illustrating the even

distribution of adhesive between the electrical wires.

[0016] FIG. 10 is a second cross-sectional end view taken along line 10-10 of the device of
FIG. 6 shown after the device has been recovered from a heating source illustrating the even

distribution of adhesive between the electrical wires.

[0017] FIG. 11 is a perspective view of another exemplary embodiment of the present
invention, wherein the device for sealing an electrical terminal includes an outer layer of a fast
recovery heat shrinkable tubing; a high hoop stress heat shrinkable tubing that is placed on the
exterior of the outer layer; an inner layer that includes a high viscosity adhesive liner; and a
low viscosity adhesive ring, which is disposed within the inner layer, shown prior to recovery

of the heat shrinkable tubing components thereof.

[0018] FIG. 12 is a cross-sectional perspective view of the device of FIG. 11, shown prior to

recovery of the heat shrinkable tubing components thereof,

[0019] FIG. 13 is perspective view of another exemplary embodiment of the present invention,
wherein the device for sealing an electrical terminal includes an outer layer of heat shrinkable
tubing, an inner layer that includes a high-viscosity adhesive core, and a ring of low-viscosity
adhesive disposed within the high-viscosity adhesive core, shown prior to recovery of the outer

layer of heat shrinkable tubing.

[0020] FIG. 14 is a cross-sectional perspective view of the embodiment of FIG. 14, shown

prior to recovery of the outer layer of heat shrinkable tubing.

-4-
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[0021] FIG. 15ais a perspective view of the embodiment of FIG. 13 placed over a wire bundle,

shown prior to recovery of the outer layer of heat shrinkable tubing.

[0022] FIG. 15bis a perspective view of the embodiment of FIG. 13 placed over a wire bundle,
shown after partial recovery of the outer layer of heat shrinkable tubing.

[0023] FIG. 16 is a cross-sectional perspective view of the embodiment of FIG. 13 placed over

a wire bundle, shown after partial recovery of the outer layer of heat shrinkable tubing.

[0024] FIG. 17 is a perspective view of another exemplary embodiment of the present
invention, illustrating a ring-type electrical terminal, similar to that shown in FIG. 1, with a

high viscosity adhesive sleeve and a low viscosity adhesive sleeve positioned thereon.

[0025] FIG. 18 is a cross-sectional side view of the embodiment of FIG. 17 with a heat

shrinkable tubing positioned over the sleeves and after recovery from a heating source.

[0026] FIG. 19 is a perspective cross-section view of another exemplary embodiment of the
present invention, illustrating a heat shrinkable tubing with a high viscosity adhesive profile or

strip and a low viscosity adhesive profile or strip positioned thereon.

[0027] FIG. 20 is a perspective cross-section view of another exemplary embodiment of the
present invention, illustrating a heat shrinkable tubing with two high viscosity adhesive profiles

or bands and a low viscosity adhesive profile or band positioned thereon.

[0028] FIG. 21 is a perspective view of an alternate device for sealing an ¢lectrical terminal in
accordance with an exemplary embodiment of the present invention, illustrating a heat
shrinkable tubing with a high viscosity adhesive strip and a low viscosity adhesive strip

positioned thereon.

[0029] FIG. 22 is a perspective is a cross-sectional perspective view of the device of FIG. 21,

shown prior to recovery of the heat shrinkable tubing components thereof.
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[0030] FIG. 23 is a diagrammatic side view a ring-type electrical terminal that includes a
plurality of electrical wires attached to the wire attachment portion thereof, shown after the
device of FIG. 21 has been recovered from a heating source, illustrating the distribution of

adhesive between the electrical wires.

[0031] FIG. 24 is a perspective view of another exemplary embodiment of an adhesive strip

which can be used to seal the electrical wires.

[0032] FIG. 25 is a perspective view of an alternate device for sealing an ¢lectrical terminal in
accordance with an exemplary embodiment of the present invention, illustrating a heat
shrinkable tubing with a high viscosity adhesive strip positioned between two low viscosity

adhesive strips.

[0033] FIG. 26 is a perspective is a cross-sectional perspective view of the device of FIG. 25,

shown prior to recovery of the heat shrinkable tubing components thereof.

[0034] FIG. 27 is a perspective view of another exemplary embodiment of an adhesive strip

which can be used to seal the electrical wires.

[0035] FIG. 28 is a perspective view of another exemplary embodiment of an adhesive strip

which can be used to seal the electrical wires.

DETAILED DESCRIPTION OF THE INVENTION

[0036] With reference to the Figures, FIG. 1 provides an illustration of an electrical terminal
10 that is compatible with the systems, methods, and devices of the present invention. The
electrical terminal shown in FIG. 1 is a ring-type terminal; however, the systems, methods, and
devices of this invention are also compatible with many other types of electrical terminals such
as, for example, spade terminals, hook terminals, flag terminals, push-on terminals, and the
like. With reference to FIG. 1, electrical terminal 10 includes terminal attachment portion 12
and wire attachment portion 14. Terminal attachment portion 12 is configured for connection
to a complementary terminal, such as a stud or a post, of an ¢lectrical device such as, for
example, a battery. Wire attachment portion 14 is configured for connection to one or more
clectrical wires, such as plurality of wires 16, which may be connected by welding, soldering,

crimping or other suitable attachment methods.

-6-
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[0037] FIGS. 2-5 provide multiple illustrations of electrical terminal sealing device 100, in
accordance with an exemplary embodiment of the present invention. In this embodiment,
device 100 includes first piece of shrinkable tubing 102; second piece of shrinkable tubing 104;
and strip of adhesive 106. As best shown in FIG. 2, second piece of shrinkable tubing 104 is
used to form a lip structure, which is placed completely within one end of first piece of
shrinkable tubing 102. As shown in FIG. 3, strip (¢.g., a ring, sleeve, or other profiled geometry)
of adhesive 106 is placed within first piece of shrinkable tubing 102 adjacent to second piece
of shrinkable tubing 104. In this embodiment, first piece of shrinkable tubing 102 is typically
higher-temperature shrinkable heat shrink tubing that possesses preferably a high hoop
force/stress and may be a single or double walled system made from high-density polyethylene
or other suitable material. Second piece of shrinkable tubing 104 may be a fast shrinking single-
walled tubing or a double-walled tubing that includes a high-viscosity adhesive inner layer.
Upon the application of heat (¢.g., in an infrared oven for 30 seconds or other time period) to
device 100, strip of adhesive 106 melts and flows across plurality of electrical wires 16 filling
any present air voids. The adhesive system can also be a cross-linking system to permit high-
temperature performance. First and second pieces of shrinkable tubing 102 and 104 shrink to
encapsulate plurality of electrical wires 16 and wire attachment portion 14 of electrical terminal
10, thereby substantially sealing the melted adhesive within the first piece of shrinkable tubing
(see FIGS. 4-5). During the heating process, the lip structure formed by second piece of
shrinkable tubing 104 effectively constrains the flow of adhesive in the direction of terminal
attachment portion 12, thereby reducing or preventing any problematic contamination of
terminal attachment portion 12. While in some instances a small amount of adhesive may travel
onto terminal attachment portion 12, the amount will be insignificant with regard to the
functioning of electrical terminal 10. In some embodiments, the components of device 100 are
provided individually (as opposed to pre-assembled) and are assembled on the electrical

terminal and wire assembly just prior to creating the desired seal.

[0038] FIGS. 6-10 provide illustrations of electrical terminal sealing device 200, in accordance
with another exemplary embodiment of the present invention. In this embodiment, device 200
includes first piece of heat shrink tubing 202; second piece of heat shrink tubing 204; and strip
of adhesive/sealant 206. As best shown in FIG. 6, second piece of heat shrink tubing 204 is
partially inserted into one end of first piece of heat shrink tubing 202. Strip (¢.g., a ring, sleeve,
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or other profiled geometry) of adhesive/sealant 206 is placed within first piece of heat shrink
tubing 202 in proximity to or adjacent to second piece of heat shrink tubing 204. In this
embodiment, first piece of heat shrink tubing 202 is typically higher-temperature heat shrink
tubing that possesses a high hoop force/stress and may be a single or double-walled system
made from high-density polyethylene or other suitable heat shrinkable material. Second piece
of heat shrink tubing 204 has a recovery temperature that is the same as or lower than the
recovery temperature of first piece of heat shrink tubing 202 by at least 5°C. Second piece of
heat shrink tubing 204 includes a thin layer of high viscosity adhesive. Upon the application of
heat (e.g., in an infrared oven for 30 seconds or other time period) to device 200, strip of
adhesive 206 melts and flows across plurality of electrical wires 16 filling any present air voids.
The adhesive/sealant material can be chosen to have suitable flow characteristics for meeting
desired temperature performance and can also be of a cross-linking type to permit high-
temperature performance. First and second pieces of heat shrink tubing 202 and 204 shrink to
encapsulate plurality of electrical wires 16, and wire attachment portion 14 of clectrical
terminal 10, thereby substantially sealing the melted adhesive within the first piece of heat
shrink tubing (see FIGS. 8). During the heating process, second piece of heat shrink tubing 204
effectively constrains the flow of adhesive in the direction of ring portion 12, thereby
preventing any problematic contamination of terminal attachment portion 12. While in some
instances a small amount of adhesive may travel onto terminal attachment portion 12, the
amount will be insignificant with regard to the functioning of electrical terminal 10. In some
embodiments, the components of device 200 are provided individually (as opposed to pre-
assembled) and are assembled on the electrical terminal and wire assembly just prior to creating

the desired seal.

[0039] With regard to testing device 200, no adhesive was observed to have migrated onto
terminal attachment portion 12 after recovery of the device from an infrared oven. Device 200
passed forced-air leak tests and adhesive drip tests wherein device 200 was kept in an oven at
125°C for more than 24 hours. Second piece of heat shrink tubing 204 was determined to be
capable of recovery in as few as 15 seconds in an infrared oven, thereby effectively creating
blockage to any significant adhesive flow out of the device. FIG. 9 is a cross-sectional view,
taken along line 9-9 of FIG. 6, of a wire bundle attached to a ring-type electrical terminal sealed
with the device of the present invention (near the edge of the device where the insulation has

been removed from the electrical wires), wherein the adhesive is shown to have adequately
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filled the spaces between the wires to allow passing the air leakage test. FIG. 10 is another
cross-sectional view, taken along line 10-10 of FIG. 6, of a wire bundle sealed with the device
of the present invention (about 1 inch away from the cross-section of FIG. 9 where the
insulation around the electrical wires is intact), wherein the adhesive is again shown to have

adequately filled the spaces between the wires.

[0040] The sealants/adhesives used with the present invention are designed to exhibit a low-
melt viscosity so that these materials are capable of flowing between and around multiple
electrical wires and providing robust sealing of an electrical terminal. The sealants/adhesives
are also capable of being reheated to temperatures of up to 125°C without running or dripping.
These characteristics may be achieved through the use of high-speed cross-linking materials,
high-temperature melting polymers, or a combination of both. Regarding cross-linking
materials, the adhesives are capable of sufficiently cross-linking under predetermined cure
conditions and upon reheating, the resultant cross-linked geometry provides seal stability.
Regarding high-temperature melting polymers, the adhesives typically include a base system
that melts at temperatures above 125°C or show very little flow below 125°C. In general, the
adhesive system exhibits low viscosity once molten, but maintains its form factor at
temperatures below 125°C. An example of a suitable high-temperature melting adhesive is
Technomelt PA 7901 (Loctite 7901 Hysol Hot Melt Adhesive; Henkel) with 0-1% CB (carbon
black), which is a low viscosity polyamide used extensively for potting and encapsulating. An
example of a suitable cross-linking sealant appears in TABLE 1, below. Three examples of
suitable high-temperature melting systems appear in TABLES 2-4 below. The following
adhesives/sealants are also compatible with this invention: hot melt thermoplastic sealants such
as polyolefin-based sealants (e.g., wherein the base polymer is polyethylene (PE) metallocene-
formed PE, maleic anhydride functionalized PE, glycidyl methacrylate functionalized PE, or
combinations thereof); polyolefin copolymer-based sealants (¢.g., wherein the base polymer is
ethylene-vinyl acetate copolymer (EVA)); polyamide-based sealants; thermoplastic elastomer
(TPE)-based sealants; a polyolefin and polyamide (PA) mixture-based sealant; a polyolefin and
polyolefin copolymer mixture-based sealant (¢.g., PE:EVA in weight ratios 95:5, 90:10, 75:25,
or 50:50); a polyolefin copolymer and polyamide mixture-based scalant (¢.g., EVA:PA in
weight ratios of 95:5, 90:10, 75:25, or 50:50); a fluoropolymer or combinations thereof.
Different sealants or sealant mixtures with similar characteristics may be also utilized with this

invention. In the context of this invention, the term “sealant” includes and encompasses
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adhesives such as hot melt adhesives and other types of adhesives. In the context of this
invention, sealant or adhesive “melt” refers to the state of a semi-crystalline polymer or
material over its melting point and/or the state of an amorphous material above its softening

point, as determined by tools and techniques such as a rheometer.

TABLE 1. Formulation I: Cross-Linkable Adhesive

Chemical Description Wt%
Polyolefins (e.g..HDPE, ethylene 63%-90%
vinyl acetate)
Viscosity modifiers 0-20%
Organic peroxide 1-9%
Cross-linking promoters (¢.g., 0-10%

Trimethallyl isocyanurate (TAIC) or
Trimethylolpropane Trimethacrylate
(TMPTMA))

IR absorbing pigments (e.g., carbon 0-2%

black)

Stabilizers and antioxidants 0-4%

(e.g., sterically hindered phenolic
antioxidants)

Metal deactivators 0-2%

TABLE 2. Formulation II. High-Temperature Resistance Adhesive

Chemical Description Wt%
EVA/PO/Waxes 89%-95%

untreated and synthetic 0-10%
fumed silica

IR absorbing pigments (¢.g., 0-2%
carbon black)

Stabilizers and antioxidants 0-4%

(e.g., sterically hindered
phenolic antioxidants)
Metal deactivators 0-2%

-10 -
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TABLE 3. Formulation I1I. High-Temperature Resistance Adhesive

Chemical Description Wt%
Polyamide 89%-95%
Fumed silica 0-10%
IR absorbing pigments (¢.g., 0-2%
carbon black)

Stabilizers and antioxidants 0-4%

(e.g., sterically hindered
phenolic antioxidants)
Metal deactivators 0-2%

TABLE 4. Formulation I'V: High-Temperature Resistance Adhesive

Chemical Description Wt%
Acrylate polymer 89%-95%

Fumed silica 0-10%

IR absorbing pigments (¢.g., 0-2%

carbon black)
Stabilizers and antioxidants 0-4%
such as sterically hindered
phenolic antioxidant
Metal deactivators 0-2%

[0041] In addition to the embodiments described above, other geometric variations for the
terminal sealing device of the present invention are possible. In one alternate embodiment, a
dual-component tape is wrapped around the wire attachment portion of the electrical terminal.
This system also includes a layer of pressure-sensitive adhesive (PSA), which allows
installation of the tape on an electrical terminal before heat shrink tubing is placed over
electrical wires that are attached to the electrical terminal. The dual-component tape includes
a non-melting profile, which may be heat-shrinkable tape that is oriented toward the terminal
attachment portion of the assembly and an adhesive ring that is positioned over the wire
attachment portion of the assembly. One edge of the adhesive may be low flow (high viscosity),
which is attained by partially cross-linking one edge of the adhesive system or through the use
of a different adhesive having a higher viscosity (¢.g., greater than 500Pa-s at 120°C). The
viscosity of the sealant/adhesive materials described herein was measured using a rotation
rheometer. In this method, a small disk of sealant material (¢.g., 1.5mm-1.8mm thick, 25mm
diameter disk) is placed between plates of the rotation rheometer and sheared (oscillatory

mode) by means of a rotational motion frequency of 6.28 rad/sec. The temperature of the

-11 -
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sealant material is gradually increased from 60°C to 140°C at a rate of 5°C/min and 5% strain

and the complex viscosity is measured as a function of temperature.

[0042] In still another embodiment, the low-temperature heat shrinkable edge tubing (see, for
example, item 204 in FIG. 6), is placed over the piece of high-temperature heat shrinkable
tubing (see, for example, item 202 in FIG. 6) rather than inside the piece of high-temperature
heat shrinkable tubing. In this embodiment, fast-shrinking tubing is placed on the outside of
high hoop stress tubing. In certain embodiments, a piece of low-temperature heat shrinkable
edge tubing is placed over both ends of the piece of high-temperature heat shrinkable tubing
or, alternately, inside of both ends of the piece of high-temperature heat shrinkable tubing. In
still another embodiment, the first or primary piece of shrinkable tubing is narrowed (pre-
recovery) at the end closest to the terminal attachment portion of the electrical terminal and

expanded at the opposite end (see FIG. 7).

[0043] In still other embodiments of this invention, the device includes only a single piece of
heat shrinkable tubing, an adhesive ring, and the heat source (e.g., an infrared oven) used to
shrink the tubing includes multiple heating elements, wherein a first heating element (operating
at a first temperature) is placed in close proximity to the terminal attachment portion of the
electrical terminal and a second heating element (operating at a second temperature lower than
the temperature of first heating element), is placed at a predetermined distance away from the
terminal attachment portion of the electrical terminal and further away from the tubing itself.
The tubing closer to the ring portion shrinks more quickly than the tubing further away from
the ring terminal due to the different temperature profile of the heating system. In still another
embodiment, the device includes only a single piece of heat shrinkable tubing and is passed
through a heating system (e.g., an infrared oven) on a conveyer, with the terminal attachment
portion entering first, causing the tubing near the ring portion to shrink first and the following
length of tubing to shrink secondarily. The speed of the conveyor can be tuned for desired

recovery at the ring terminal end to prevent the adhesive from oozing out of the device.

[0044] With reference to FIGS. 11-12, in yet another exemplary embodiment of this invention,
device 300 includes outer layer 302, which includes a fast recovery heat shrinkable tubing;
high hoop stress heat shrinkable tubing 304, which has a larger diameter than outer layer 302,
a higher recovery temperature than the fast recovery heat shrinkable tubing of outer layer 302,

-12-
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and that is placed on the exterior of outer layer 302 (see FIG. 11); inner layer 306, which
includes a high viscosity adhesive liner; and low viscosity adhesive ring 308, which is disposed
within inner layer 306. When heat is applied to device 300 and the recovery temperature of the
fast recovery heat shrinkable tubing of outer layer 302 is reached, outer layer 302 shrinks and
forms an obstruction to the flow of the adhesive in low viscosity adhesive ring 308. As the
temperature is further increased, high hoop stress heat shrinkable tubing 304 begins to recover
and low viscosity adhesive ring 308 begins to melt. High hoop stress heat shrinkable tubing
304 pushes the adhesive inward, displacing air and creating a seal between wires attached to

an electrical terminal and the portion of the terminal to which the wires are attached.

[0045] With reference to FIGS. 13-16, in still another exemplary embodiment of this invention,
device 400 is a multi-walled tubing system that is constructed in a manner such that outer jacket
or outer layer 402 includes a heat shrink tubing and inner layer 404 includes a high-viscosity
adhesive core (e.g., greater than 20 Pa's at an installation temperature which coreelates to a

designated or rated temperature).

[3046] Temperature rating or rated temperature of the scalant/adhesive is specified based on
intended maxamum use temperature. After application, adhesive should not flow out at or
below their specified rated teraperature.  For example, for a 103°C-rated product, the high-
viscosity adhesive and the low-viscosity adhesive should have no flow at temperatures less
than or equal to 103°C. Similarly, for 125°C-rated material, the high-viscosity adhesive and

the low-viscosity adhesive should have no flow at temperatures less than or equal to 125°C.

[3847] Installation temperature 18 defined as the temperature at which the adhesive s heated
upto so that it can melt and flow i between wires. The viscosity of the material should be
relatively low at installation temperatures to allow the adhesive to flow in between wires and
to displace any trapped air. In general, installation temperatore of the adhesive/sealant is at
least 10°C higher than the temperabire rating of the stracture.  So, for example, if the
temperature rating were to be about 105°C, during installation process the sealant installation

temperature 15 recommended to be > 115°C. This 15 traportant to ensure a robust seal.
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6048} For the given geometries, low viscosity adhesives are systems that have specified low
viscositics at the mstallation temperature and high viscosity adhesives are systems that have

specified high viscosities at the installation tomperatures.

[0049] The viscosity of the high-viscosity adhesive permits this adhesive to sufficiently flow
and create an intimate bond with rough surfaces such as the surface of soldered metal wires 16.
However, the viscosity is still high enough to prevent or at least minimize any oozing out of
the low viscosity scalant/adhesive included in low-viscosity adhesive strip 406, which is
typically placed at a distance of about 0.25 to about 1.00 inches from the front edge of outer
layer 402. With the application of heat, the edges of outer layer 402 recover and the high-
viscosity adhesive core of inner layer 404 creates a barrier that prevents or minimizes any
oozing out of the low-viscosity adhesive/sealant. The constrained geometry of recovered outer
layer 402 forces the low-viscosity adhesive/sealant to flow in between wires 16 and creates a
highly-effective water-tight seal. The synergistic effect of recovered outer jacket 402 and the
high-viscosity adhesive core creates a barrier that prevents or at least minimizes the oozing out
of adhesive onto an electrical terminal. FIG. 13 provides a perspective view of the exterior of
this embodiment of the present invention prior to recovery and FIG. 14 provides a cross-
sectional view of this embodiment prior to recovery. FIGS. 15a-b provide a perspective view
of this embodiment wherein device 400 has been placed over a bundle of electrical wires (pre-
recovery and post-recovery), and FIG. 16 is an illustration of this embodiment, wherein the
heat shrink tubing has been partially recovered and the high-viscosity inner core has formed
edge seal 408. FIG. 16 provides a cross-sectional view of the partially recovered system of

FIG. 15.

[0050] With reference to FIGS. 17-18, in still another exemplary embodiment of the invention,
device 500 includes a piece of shrinkable tubing 502; a high viscosity sealant/adhesive sleeve
504; and a low viscosity sealant/adhesive sleeve 506. The shrinkable tubing 502 can be a single
layer or multilayer tubing, as previously described. Also as previously described, the shrinkable
tubing 502 is a polymeric component that shrinks on the application of heat. Such shrinkable
tubing may include, but is not limited to, heat shrinkable tubing or tape. The term
sealant/adhesive includes, but is not limited to, scalants and adhesives which are viscoclastic
materials that have an ability to flow under suitable stimulus like temperature and/or pressure.

Examples of such materials are hot melt adhesives and butyl mastics. The high viscosity
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sealant/adhesive sleeve 504 is positioned over the wire attachment portion 14 and the ends of
the wires 16 and is positioned adjacent to or proximate to an edge of the heat shrink tubing 502,
The high viscosity sealant/adhesive sleeve 504 includes a high viscosity sealant/adhesive. In
ong illustrative embodiment, the high-viscosity sealant/adhesive has a viscosity that is greater
than 20 Pa's at an mstallation temperature which corrclates to a designated or rated
emperature, as previcusly described. The low viscosity sealant/adhesive sleeve 506 is spaced
from the ends of the wires and is adjacent to, proximate to or spaced from the high viscosity
sealant/adhesive sleeve 504. The low viscosity sealant/adhesive sleeve 506 includes a low
viscosity sealant/adhesive, as previously described. The spacing or distance between the high
viscosity sealant/adhesive sleeve 504 and the low viscosity sealant/adhesive sleeve 506 is

application dependent and may range between 0 mm and 50 mm.

[0051] The high viscosity sealant/adhesive on the high viscosity sealant/adhesive sleeve 504
has a flow behavior such that it conforms to the surface of the wire attachment portion and the
surface of the plurality of wires without significantly flowing out of the desired region. This is
achieved by using a sealant/adhesive which has a high inherent viscosity or which could attain
high viscosity by methods like cross-linking (where the cross-linking induces viscosity increase
at a higher rate than an ooze out rate). Qoze out refers to a phenomenon wherein excess
sealant/adhesive flows out of the sealing zone onto the electrical terminal, thus contaminating
the clectrical terminal. The high viscosity sealant/adhesive sleeve 504 creates a barrier and
prevents ooze out of the low viscosity sealant/adhesive of the low viscosity sealant/adhesive
sleeve 506. The low viscosity sealant/adhesive of the low viscosity sealant/adhesive sleeve 506
has a low viscosity which allows it to displace air efficiently inside the substrate intended to be
sealed. The low viscosity sealant/adhesive sleeve 506 creates a robust seal. A robust seal
includes seals which provide an impermeable barrier between two environments. In the current

case, robust sealing deters fluid flow across the barrier.

[0052] Upon the application of heat (¢.g., in an infrared oven for 30 seconds or other time
period) the high viscosity sealant/adhesive 504 melts and flows across the wire attachment
portion 14 and surface of the plurality of wires 16 to form the barrier. The low viscosity
sealant/adhesive 506 melts and flows across the plurality of wires 16 filling any present air
voids. The shrinkable tubing 502 shrink to encapsulate plurality of electrical wires and wire

attachment portion of the clectrical terminal, thereby substantially sealing the melted
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scalant/adhesive within the shrinkable tubing 502. During the heating process, the high
viscosity sealant/adhesive sleeve 504 effectively constrains the flow of sealant/adhesive in the
direction of the terminal attachment portion 12, thereby reducing or preventing any problematic
contamination of the terminal attachment portion 12. While in some instances a small amount
of sealant/adhesive may travel onto terminal attachment portion 12, the amount will be
insignificant with regard to the functioning of the electrical terminal. In some embodiments,
the components of device 500 are provided individually (as opposed to pre-assembled) and are
assembled on the electrical terminal and wire assembly just prior to creating the desired seal.
For example, the piece of shrinkable tubing 502, the high viscosity sealant/adhesive sleeve 504,
and the low viscosity sealant/adhesive sleeve 506 may be installed in situ. The sleeves 504,
506 may be, but are not limited to slit sealant/adhesive sleeves. While the sleeves are shown
positioned proximate the wire attachment portion, the sleeves may be positioned at any desired

location.

[0053] With reference to FIG. 19, in still another exemplary embodiment of the invention,
device 600 includes a piece of shrinkable tubing 602; a strip (¢.g., a ring, sleeve, full circular
profile, semi-circular profile, or other profiled geometry) of a first sealant/adhesive 604; and a
strip (e.g., a ring, sleeve, full circular profile, semi-circular profile, or other profiled geometry)
of a second sealant/adhesive 606. The shrinkable tubing 602 can be a single layer or multilayer
tubing, as previously described. Also as previously described, shrinkable tubing 602 is a
polymeric component that shrinks on the application of heat. Such shrinkable tubing may
include, but is not limited to, heat shrinkable tubing or tape. The term sealant/adhesive includes,
but is not limited to, sealants and adhesives which are viscoelastic materials that have an ability
to flow under suitable stimulus like temperature and/or pressure. Examples of such materials
are hot melt adhesives and butyl mastics. The strip of the first sealant/adhesive 604 is placed
within the shrinkable tubing 602 adjacent to or proximate an edge 608 of the shrinkable tubing
602. The first sealant/adhesive is a high viscosity sealant/adhesive. In one illustrative
embodiment, the high-viscosity sealant/adhesive has a viscosity that is greater than 20 Pas at
an msiallation femperature which correlates to a designated or rated temperature, as previously
deseribed. The strip of the second sealant/adhesive 606 is placed within the shrinkable tubing
602. The strip of the second sealant/adhesive 606 is spaced from the edge 608 and is spaced
from the strip of the first sealant/adhesive 604. The spacing or distance between the strip of the

first sealant/adhesive 604 and the strip of the second sealant/adhesive 606 is application
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dependent and may range between 0 mm and 50 mm. The second sealant/adhesive is a low

viscosity sealant/adhesive, as previously described.

[0054] The strip of the first secalant/adhesive 604 has a flow behavior such that it conforms to
the surface of the wire attachment portion or surface of the plurality of wires without
significantly flowing out of the desired region. This is achieved by using a sealant/adhesive in
the strip of the first sealant/adhesive 604 which has a high inherent viscosity or which could
attain high viscosity by methods like cross-linking (where the cross-linking induces viscosity
increase at a higher rate than an ooze out rate). The strip of the first sealant/adhesive 604 creates
a barrier and prevent ooze out of the second secalant/adhesive. The strip of the second
sealant/adhesive 606 has a low initial viscosity which allows it to displace air efficiently inside
the substrate intended to be sealed. The strip of the second sealant/adhesive 606 creates a robust
seal. The strip of the first sealant/adhesive 604 has a higher viscosity than the strip of the second

sealant/adhesive 606 prior to installation.

[0055] Upon the application of heat (¢.g., in an infrared oven for 30 seconds or other time
period) after installation of the shrinkable tubing 602 over the ¢lectrical terminal, the strip of
the first sealant/adhesive 604 melts and flows across the wire attachment portion or surface of
the plurality of wires to form the barrier. In addition, the strip of the second sealant/adhesive
606 melts and flows across the plurality of wires filling any present air voids. The shrinkable
tubing 602 shrinks to encapsulate the plurality of electrical wires and the wire attachment
portion of the electrical terminal, thereby substantially sealing the melted sealant/adhesive
within the shrinkable tubing. During the heating process, the strip of the first sealant/adhesive
604 effectively constrains the flow of sealant/adhesive in the direction of the terminal
attachment portion, thereby reducing or preventing any problematic contamination of the
terminal attachment portion. While in some instances a small amount of sealant/adhesive may
travel onto the terminal attachment portion, the amount will be insignificant with regard to the
functioning of the electrical terminal. In some embodiments, the components of device 600 are
provided individually (as opposed to pre-assembled) and are assembled on the electrical

terminal and wire assembly just prior to creating the desired seal.

[0056] With reference to FIG. 20, in still another exemplary embodiment of the invention,

device 700 includes a piece of shrinkable tubing 702; a strip (¢.g., a ring, sleeve, full circular
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profile, semi-circular profile, or other profiled geometry) of a first sealant/adhesive 704; a strip
(e.g., aring, sleeve, full circular profile, semi-circular profile, or other profiled geometry) of a
second sealant/adhesive 706: and a strip (e.g., a ring, sleeve, full circular profile, semi-circular
profile, or other profiled geometry) of a third sealant/adhesive 708. The strip of the third
sealant/adhesive 708 is spaced from the strip of the second sealant/adhesive 706, such that the
strip of the second sealant/adhesive 706 is positioned between the strip of the first
sealant/adhesive 704 and the strip of the third sealant/adhesive 708. The shrinkable tubing 702,
the first strip of the first sealant/adhesive 704 and the strip of a second sealant/adhesive 706 are
similar to the respective parts described above with respect to FIG. 19. In the embodiment
shown, the strip of the third sealant/adhesive 708 is the same or similar to the strip of the first
sealant/adhesive 704. However, the strip of the third sealant/adhesive 708 and the strip of the
first sealant/adhesive 704 may be made of different materials and have different viscosities.
The strip of the third sealant/adhesive 708 has a flow behavior such that it conforms to the
surface of the plurality of wires without significantly flowing out of the desired region. This is
achieved by using a sealant/adhesive in the strip of the third sealant/adhesive 708 which has a
high inherent viscosity or which could attain high viscosity by methods like cross-linking
(where the cross-linking induces viscosity increase at a higher rate than an ooze out rate). The
strip of the third sealant/adhesive 708 creates a barrier and prevent ooze out of the second

sealant/adhesive.

[0057] With reference to FIGS. 21 through 22, another alternate exemplary embodiment of the
invention is shown. Device 800 includes a piece of shrinkable tubing 802; a strip (¢.g., a planar
member, sleeve or other profiled geometry) of a first secalant/adhesive 804; and a strip (¢.g., a
planar member, sleeve or other profiled geometry) of a second sealant/adhesive 806. The
shrinkable tubing 802 can be a single layer or multilayer tubing, as previously described. Also,
as previously described, shrinkable tubing 802 is a polymeric component that shrinks on the
application of heat. Such shrinkable tubing may include, but is not limited to, heat shrinkable
tubing or tape. The term secalant/adhesive includes, but is not limited to, sealants and adhesives
which are viscoelastic materials that have an ability to flow under suitable stimulus like
temperature and/or pressure. Examples of such materials are hot melt adhesives and butyl

mastics.
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[0058] The first secalant/adhesive 804 and the second sealant/adhesive 806 are positioned on
the shrinkable tubing 802 prior to the shrinkable tubing 802 being position on a terminal 820
(FIG. 23). However, in other embodiments, the components of device 800 are provided
individually (as opposed to pre-assembled) and are assembled on the electrical terminal 820
and wire assembly just prior to creating the desired seal. For example, the first sealant/adhesive
804 and the second sealant/adhesive 806 may be separate members which are not part of the
shrinkable tubing 802. Altematively, the first sealant/adhesive 804 and the second

sealant/adhesive 806 may be co-extruded.

[0059] The strip of the first sealant/adhesive 804 is placed within the shrinkable tubing 802
adjacent to or proximate an edge 808 of the shrinkable tubing 802. The first sealant/adhesive
is a high viscosity sealant/adhesive. In one illustrative embodiment, the high-viscosity
sealant/adhesive has a viscosity that is greater than 20 Pa-s at an imstallation temperature which
correlates to a designated or rated temperature, as previously described. The strip of the second
scalant/adhesive 806 is placed within the shrinkable tubing 802. The strip of the second
sealant/adhesive 806 is spaced from the edge 808 and is adjacent to or spaced from the strip of
the first secalant/adhesive 804. The spacing or distance between the strip of the first
sealant/adhesive 804 and the strip of the second sealant/adhesive 806 is application dependent,
depending upon, but not limited to the construction and size of the terminal. For example, the
spacing or distance between the strip of the first sealant/adhesive 804 and the strip of the second
sealant/adhesive 806 may range between 0 mm and 10 mm or between 0 mm and 50 mm. The

second sealant/adhesive 806 is a low viscosity sealant/adhesive, as previously described.

[0060] The strip of the first secalant/adhesive 804 has a flow behavior such that it conforms to
the surface of the wire attachment portion or surface of the plurality of wires without
significantly flowing out of the desired region. This is achieved by using a sealant/adhesive in
the strip of the first sealant/adhesive 804 which has a high inherent viscosity, or which could
attain high viscosity by methods like cross-linking (where the cross-linking induces viscosity
increase at a higher rate than an ooze out rate). The strip of the first sealant/adhesive 804 creates
a barrier and prevent ooze out of the second sealant/adhesive. The strip of the second
sealant/adhesive 806 has a low initial viscosity which allows it to displace air efficiently inside

the substrate intended to be sealed. The strip of the second sealant/adhesive 806 creates a robust
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seal. The strip of the first sealant/adhesive 804 has a higher viscosity than the strip of the second

sealant/adhesive 806 prior to installation.

[0061] In the embodiment shown in FIGS. 21 through 22, the strip of the first sealant/adhesive
804 has an L-shape, with a first portion 810 which extends further from an interior surface 812
of the tubing 802 than a second portion 814. As best shown in FIG. 23, the first portion 810 is
dimensioned to interact with the wires in the weld area 818 of a terminal 820 where the wires
816 are mechanically and ¢lectrically attached to the terminal 820. The first portion 810 is
positioned proximate to and interacts with the free ends 822 of the wires 816 to allow the first
portion 810 to flow and properly seal the free ends 822 of the wires. The second portion 814
also interacts with the wires 816, in an area proximate to, but removed from, the free ends 822

to provide proper sealing of the wires 816.

[0062] As represented diagrammatically in FIG. 23, upon the application of heat (e.g., in an
infrared oven for 30 seconds or other time period) after installation of the shrinkable tubing
802 over the electrical terminal 820, the strip of the first sealant/adhesive 804 is heated causing
the first portion 810 to melt and flow across and proximate to the free ends 822 of the wires
816 and causing the second portion 814 to melt and flow across the plurality of wires 816 to
form the barrier. The interaction of the first portion 810 with the wires in the weld area 818
provides a robust seal at the free ends 822 of the wires 816. The configuration of the first
portion 810 and the second portion 814 of the first sealant/adhesive 804 allows the first
sealant/adhesive 804 to accommodate geometry changes of the terminals, while still providing

an effective seal to the free ends 822 of the wires 816.

[0063] The high viscosity of the first sealant/adhesive 804 allows for the adhesive flow of the
first sealant/adhesive 804 to be controlled and constrained in an open geometry, such as at the
free ends 822 of the wires 816. In addition, the controlled flow allows the first scalant/adhesive

804 to encapsulate the sharp free ends 822 of the individual wires 816.

[0064] In addition, the strip of the second sealant/adhesive 806 melts and flows across the
plurality of wires 816 filling any present air voids. The shrinkable tubing 802 shrinks to
encapsulate the plurality of electrical wires 816 and the wire attachment portion 824 of the
electrical terminal 820, thereby substantially sealing the melted sealant/adhesive 804, 806
within the shrinkable tubing 802. During the heating process, the strip of the first
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sealant/adhesive 804 effectively constrains the flow of the second sealant/adhesive 806 in the
direction of the terminal attachment portion 826, thereby reducing or preventing any
problematic contamination of the terminal attachment portion 826. While in some instances a
small amount of first sealant/adhesive 804 may travel onto the terminal attachment portion 826,

the amount will be insignificant with regard to the functioning of the electrical terminal 820.

[0065] The configuration of the first sealant/adhesive 804 and the second sealant/adhesive 806
shown in FIGS. 21 through 23 are meant to be illustrative. In the embodiment shown, the first
sealant/adhesive 804 has a width greater than the width of the second sealant/adhesive 806, and
the second secalant/adhesive 806 has a length greater than the first sealant/adhesive 804.
However, the widths and lengths of the first secalant/adhesive 804 and the second

scalant/adhesive 806 may vary.

[0066] In the exemplary embodiment shown in FIGS. 21-23, the first sealant/adhesive 804 and
the second sealant/adhesive 806 have a generally planar configuration. However, other cross-
section profiles and geometries may be used. The configuration of the first sealant/adhesive
804 and/or the second sealant/adhesive 806 can be altered to allow different amounts of the
first sealant/adhesive 804 and/or the second secalant/adhesive 806 can be altered to flow to
different regions along the width of the terminal 820. For example, as shown in FIG. 24, the
second sealant/adhesive 806 may have a T-cross section, with ends 830 which are thinner than
body 832, to allow different amounts of the second sealant/adhesive 806 to flow to different
regions along the width of the terminal 820. Other configurations of one or both of the first
sealant/adhesive 804 and the second sealant/adhesive 806 can be used without departing from

the scope of the invention.

[0067] The geometry of the first sealant/adhesive 804 and the second scalant/adhesive 806
allows for the controlled flow of the first sealant/adhesive 804 and the second sealant/adhesive
806. In so doing, the unwanted or excess flow of the first sealant/adhesive 804 and/or the
second sealant/adhesive 806 to the back side of the terminal 820 can be controlled. In so doing,
the flow of the first sealant/adhesive 804 and the second sealant/adhesive 806 that does not
enter between the wires 816 is eliminated or greatly reduced, thereby preventing ooze out of

the first sealant/adhesive 804 and/or the second sealant/adhesive 806.

-21-



WO 2020/016699 PCT/IB2019/055795

[0068] With reference to FIGS. 25 and 26, another alternate exemplary embodiment of the
invention is shown. Device 900 includes a piece of shrinkable tubing 902; a strip (¢.g., a planar
member, L-shape member or other profiled geometry) of a first sealant/adhesive 904; a strip
(e.g., a planar member, strip or other profiled geometry) of a second sealant/adhesive 906; and
a strip (¢.g., a planar member, strip or other profiled geometry) of a third sealant/adhesive 908.
The shrinkable tubing 902 is similar to that described with respect to FIGS. 21 through 23, as
previously described. In the embodiment shown, the strip of the third sealant/adhesive 908 is
the same or similar to the strip of the first sealant/adhesive 904. However, the strip of the third
sealant/adhesive 908 and the strip of the first sealant/adhesive 904 may be made of different
materials and have different viscosities. The term sealant/adhesive includes, but is not limited
to, sealants and adhesives which are viscoelastic materials that have an ability to flow under
suitable stimulus like temperature and/or pressure. Examples of such materials are hot melt

adhesives and butyl mastics.

[0069] The first sealant/adhesive 904, the second sealant/adhesive 906 and the third
sealant/adhesive 908 are positioned on the shrinkable tubing 902 prior to the shrinkable tubing
902 being position on a terminal. However, in other embodiments, the components of device
900 are provided individually (as opposed to pre-assembled) and are assembled on the
electrical terminal and wire assembly just prior to creating the desired seal. For example, the
first sealant/adhesive 904, the second sealant/adhesive 906 and the third sealant/adhesive 908
may be separate members which are not part of the shrinkable tubing 902. Alternatively, the
first sealant/adhesive 904, the second sealant/adhesive 906 and the third sealant/adhesive 908

may be co-extruded.

[0070] The strip of the first sealant/adhesive 904 is placed within the shrinkable tubing 902
adjacent to or proximate an edge 910 of the shrinkable tubing 902. The first sealant/adhesive
is a low viscosity sealant/adhesive. In one illustrative embodiment, the low-viscosity
scalant/adhesive has a viscosity that is less than 20 Pa's at an instailation temperatore which

correlates to a designated or rated temperature, as previously described.

[0071] The strip of the second sealant/adhesive 906 is placed within the shrinkable tubing 902.
The strip of the second sealant/adhesive 906 is spaced from the edge 910 and is adjacent to or

spaced from the strip of the first sealant/adhesive 904. The spacing or distance between the
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strip of the first secalant/adhesive 904 and the strip of the second scalant/adhesive 906 is
application dependent, depending upon, but not limited to the construction and size of the
terminal. For example, the spacing or distance between the strip of the first sealant/adhesive
904 and the strip of the second sealant/adhesive 906 may range between 0 mm and 10 mm. The
second sealant/adhesive 906 is a high viscosity sealant/adhesive. In one illustrative
embodiment the high-viscosity sealant/adhesive has a viscosity that is greater than 20 Pa-s at
an mstallation temperature which correlates to a designated or rated teroperature, as previously

described.

[0072] The strip of the third sealant/adhesive 908 is placed within the shrinkable tubing 902.
The strip of the third sealant/adhesive 908 is spaced from the edge 910 and is adjacent to or
spaced from the strip of the second sealant/adhesive 906. The spacing or distance between the
strip of the third sealant/adhesive 908 and the strip of the second secalant/adhesive 906 is
application dependent, depending upon, but not limited to the construction and size of the
terminal. For example, the spacing or distance between the strip of the third sealant/adhesive
908 and the strip of the second sealant/adhesive 906 may range between 0 mm and 10 mm. The
third sealant/adhesive 908 is a low viscosity sealant/adhesive. In one illustrative embodiment
the low-viscosity sealant/adhesive 908 has a viscosity that is less than 20 Pa-s at an mstallation

temperature which correlates to a designated or rated temperature, as previously described.

[0073] The strip of the second sealant/adhesive 906 has a flow behavior such that it conforms
to the surface of the wire attachment portion or surface of the plurality of wires without
significantly flowing out of the desired region. This is achieved by using a sealant/adhesive in
the strip of the second sealant/adhesive 906 which has a high inherent viscosity, or which could
attain high viscosity by methods like cross-linking (where the cross-linking induces viscosity
increase at a higher rate than an ooze out rate). The strip of the second sealant/adhesive 906
creates a barrier and prevent ooze out of the third sealant/adhesive 908. The strip of the third
sealant/adhesive 908 has a low initial viscosity which allows it to displace air efficiently inside
the substrate intended to be sealed. The strip of the third sealant/adhesive 908 creates a robust
seal. The strip of the second sealant/adhesive 906 has a higher viscosity than the strip of the

third sealant/adhesive 908 prior to installation.

[0074] In the embodiment shown in FIGS. 25 and 26, the strip of the first sealant/adhesive 904

1s dimensioned to interact with the wires in the weld area of a terminal where the wires are
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mechanically and electrically attached to the terminal. The first sealant/adhesive 904 is
positioned proximate to and interacts with the free ends of the wires to allow the first

sealant/adhesive 904 to flow and properly seal the free ends of the wires.

[0075] Upon the application of heat (¢.g., in an infrared oven for 30 seconds or other time
period) after installation of the shrinkable tubing 902 over the ¢lectrical terminal, the first
sealant/adhesive 904 melts and flows across and proximate to the free ends of the wires. The
interaction of the first sealant/adhesive 904 with the wires in the weld area provides a robust

seal at the free ends of the wires.

[0076] As the first sealant/adhesive 904 is a small controlled strip, the adhesive flow of the
first sealant/adhesive 904 is controlled and constrained in an open geometry, such as at the free
ends of the wires. In addition, the controlled flow allows the first sealant/adhesive 904 to
encapsulate the sharp free ends of the individual wires. While in some instances a small amount
of first sealant/adhesive 904 may travel onto the terminal attachment portion of the terminal,

the amount will be insignificant with regard to the functioning of the electrical terminal.

[0077] In addition, the strip of the second sealant/adhesive 904 melts and flows across the wire
attachment portion or surface of the plurality of wires to form the barrier, and the strip of the
third sealant/adhesive 908 melts and flows across the plurality of wires filling any present air
voids. The shrinkable tubing 902 shrinks to encapsulate the plurality of electrical wires and the
wire attachment portion of the electrical terminal, thereby substantially sealing the melted
sealant/adhesive 904, 906, 908 within the shrinkable tubing 902. During the heating process,
the strip of the second sealant/adhesive 906 effectively constrains the flow of the third
sealant/adhesive 908 in the direction of the terminal attachment portion of the terminal, thereby

reducing or preventing any problematic contamination of the terminal attachment portion.

[0078] The configuration of the first sealant/adhesive 904, the second sealant/adhesive 906 and
the third sealant/adhesive 908 shown in FIGS. 25 and 26 are meant to be illustrative. For
example, the widths and lengths of the first sealant/adhesive 904, the second sealant/adhesive

906 and the third sealant/adhesive 908 may vary.

[0079] In the exemplary embodiment shown in FIGS. 25 and 26, the first sealant/adhesive 904,
the second sealant/adhesive 906 and the third sealant/adhesive 908 have a generally planar
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configuration. However, other cross-section profiles and geometries may be used. The
configuration of the first sealant/adhesive 904, the second sealant/adhesive 906 and/or the third
sealant/adhesive 908 can be altered to allow different amounts of the first sealant/adhesive 904,
the second sealant/adhesive 906 and/or the third sealant/adhesive 908 to flow to different

regions along the width of the terminal.

[0080] The geometry of the first sealant/adhesive 904, the second sealant/adhesive 906 and the
third sealant/adhesive 908 allows for the controlled flow of the first scalant/adhesive 904, the
second sealant/adhesive 906 and the third sealant/adhesive 908.

[0081] FIG. 27 is another alternate embodiment of the invention. In this embodiment, the
device 1000 includes a shrinkable tubing 902, the strip of the first sealant/adhesive 904, the
strip of the second sealant/adhesive 906, and the strip of the third sealant/adhesive 908, which
are similar to that shown in and described with respect to FIGS. 25 and 26. In addition, a fourth
strip (e.g., a planar member, strip or other profiled geometry) of a fourth sealant/adhesive 912

is provided.

[0082] The strip of the fourth sealant/adhesive 912 is placed within the shrinkable tubing 902.
The strip of the fourth sealant/adhesive 912 is spaced from the edge 910 and is adjacent to or
spaced from the strip of the third sealant/adhesive 908. The spacing or distance between the
strip of the fourth sealant/adhesive 912 and the strip of the third sealant/adhesive 908 is
application dependent, depending upon, but not limited to the construction and size of the
terminal. The fourth sealant/adhesive 912 is a high viscosity sealant/adhesive. In one
illustrative embodiment the high-viscosity sealant/adhesive has a viscosity that is greater than
20 Pa-s at an instaliation temperature which correlates to a designated or rated temperature, as

previcusly described.

[0083] The strip of the fourth sealant/adhesive 912 has a flow behavior such that it conforms
to the surface of the wire attachment portion or surface of the plurality of wires without
significantly flowing out of the desired region. This is achieved by using a sealant/adhesive in
the strip of the fourth sealant/adhesive 912 which has a high inherent viscosity, or which could
attain high viscosity by methods like cross-linking (where the cross-linking induces viscosity
increase at a higher rate than an ooze out rate). The strip of the fourth sealant/adhesive 912

creates a barrier and prevent ooze out of the third sealant/adhesive 908. The strip of the fourth
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sealant/adhesive 912 has a higher viscosity than the strip of the third sealant/adhesive 908 prior

to installation.

[0084] FIG. 28 is another alternate embodiment of the invention. In this embodiment, the
device 1000 includes a piece of shrinkable tubing 1102; a strip (¢.g., a planar member, L-shape
member or other profiled geometry) of a first sealant/adhesive 1104; and a strip (¢.g., a planar
member, strip or other profiled geometry) of a second sealant/adhesive 1106. This embodiment
is similar to the embodiment shown and described with respect to FIGS. 21-23. However, the
first sealant/adhesive 1104 and/or the second sealant/adhesive 1106 have a dimensioned profile
on the bottom surface to facilitate the flow of the sealant/adhesive between the wires. The first
sealant/adhesive 1104 is a high viscosity sealant/adhesive and the second sealant/adhesive 1106
is a low viscosity sealant/adhesive, as previously described. In the embodiment shown, the
bottom surface has projections 1114 spaced apart by recesses 1116, but other configurations

can be used.
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CLAIMS
What is claimed:

1. A system for sealing an electrical terminal (820), comprising:
{a} a device (800, 900, 1000, 1100} for scaling a plurality of electrical wires to a wire
attachment portion {818} of an electrical terminal (820), wherein the device {800, 900,
1000, 1160 further inchudes:
{1} a shrinkable tubing (802, 902, 1102} having a predetermined length,
wherein the shrinkable tubing (802, 902, 1102) has been placed over the
plurality of clectrical wires such that one end thereof extends over the wire
attachment portion (818} of the electrical terminal (820},
{11} a scalant/adhesive, placed within the heat shrinkable tubing (802, 902,
1102}, the scalant/adhesive having a first portion (810) proximate to an edge
{808, 910, 1108} of heat shrinkable tubing (802, 902 1102},
{111} the scalant/adhesive having a strip of high viscosity sealant/adhesive
(804, 904, 1104) proximate a strip of low viscosity sealant/adhesive (806, 906,
1106);
(b} wherein upon the apphcation of heat to the device (800, 960, 1600, 1100} after
instaflation of the device (800, 908, 1000, 1100} over the clectrical termunal (820), the
shrinkable tubing (802, 902, 1102) staris to recover, the first portion (810} of the
sealant/adhesive flows and seals free ends (822} of the plurality of electrical wires to
seal the free ends {822} of the electrical wires.

2. The system of claim 1, wheren the strip of the high viscosity sealant/adhesive (804)
meludes the first porion (810} of the scalant/adhesive and a second poriion (814), the
first portion (810} extends further from an inside surface of the shrinkable tabing (802,
002, 1102} than the second portion (814},

3. The system of claim 1, wherein the strip of the low viscosity sealant/adhesive {806, 906,
1106} 1s a planar member.

4. The system of claim 1, wherein spacing between the strip of the high viscosity
sealant/adhesive (804, 904, 1104) and the strip of the low viscosity scalant/adhesive (806,

536, 1106} 15 between Gmm and SOmm.
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5. The system of claim 4, wherein spacing between the strnip of the high viscosity
sealant/adhestve (804, 904, 1104} and the strip of the low viscosity sealant/adhesive (306,
506, 1106} 18 between Jmm and 10mum.

6. The system of clavm 1, wherein the strip of the high viscosity scalant/adhesive (804, 904,

1104} has an gqual or greater width than the strip of the low viscosity sealant/adhesive

{806, 906, 1106).

~

The system of claim 1, wherein the strip of the low viscosity sealant/adhesive (806) has a
T-shaped cross-section, with ends of the stnp (830} of the low viscosity sealant/adhesive
(806} thinner than a body of the strip (832} of the low viscosity sealant/adhesive (806},

8. The system of claim 1, wherein the strip of high viscosity scalant/adhesive (804, 904,
1104} has a viscosity that is greater than 20 Pa-s at an installation temperature,

9. The system of claim 1, wherein the strip of low viscosity sealant/adhesive {806, 906,
110615 a cross-linkable low-viscosity sealant/adhesive.

10. The system of claim 1, wherein the strip of high viscosity scalant/adhesive (804, 904,
1104} mcludes a hot melt thermoplastic sealant; a polyolefin copolymer-based sealant; a
polyamide-based sealant; a thermoplastic elastomer-based sealant; a polyolefin and
polyamide mixture-based sealant; a polyolefin and polyolefin copolymer mixture-based
sealant; a polyolefin copolymer and polyamide mixture-based sealant; a fluoropolymer
sealant, or combinations thercof.

11. The system of claim 1, wherein the strip of low viscosity scalant/adhesive (806, 906,
1106} includes a hot melt thermoplastic sealant; a polyolefin copolymer-based sealant; a
polyamide-based sealant; a thermoplastic elastomer-based sealant; a polyolefin and
polyamide mixture-based sealant; a polyolefin and polyolefin copolymer mixture-based
sealant; a polyolefin copolymer and polyamide mixture-based sealant; a fluoropolymer
sealant, or combinations thercof.

12. The system of claim 1, wherein the shrinkable tubing (802, 902, 1102}, the strip of high-
viscosity scalant/adhesive and the strip of low-viscosity sealant/adhesive arc assembled
prior to placement of the device (800, 900, 1000, 1100} over an electrical torminal (820},

13. The system of claim 1, wherein the shrinkable tubing (802, 902, 1102}, the strip of hugh-
viscosity sealant/adhesive and the strip of low-viscosity sealant/adhesive are assembled
after placement of the device (860, 960, 1000, 1100) over an electrical termunal (820},

14. The system of claim 1, wherein the sirip of low viscosity sealard/adhesive (904) includes

the first portion of the scalant/adhesive.
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15. The system of claim 15, wherein the strip of high viscosity sealant/adhesive (906} 15
adjacent to the first portion {904) of the sealant/adhesive such that the strip of high
viscosity sealant/adhesive (906} 15 further away from an edge of the shrinkable tubing
(902}, an additional strip of low viscosity sealant/adhcsive (908) 1s positioned on the heat
shrink tubimg (902)and i1s proximate to the strip of the high viscosity sealant/adhesive
(906), wherein the strip of the high viscosity sealant/adhesive (906) is positioned between
the first portion (904) and the additional strip of low viscosity sealant/adhesive (908).
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