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TUBE-HOLDING ASSEMBLY
RELATED APPLICATIONS

{000 1] This application relates to and claims prionty benefits from US.

Provisional Patent Application No. 61/812,793 filed April 17, 2013, which is hereby

incorporated by reference in is entirety.

FIELD OF EMBODIMENTS OF THE DISCLOSURE

[0002] Embodiments of the present disclosure generally relate 1o tube-holding
assemblies that are configured to securely hold and retain tube elements, and, more
particularly, to tube-holding assemblies that may be used to support air conditioning ot
other lmes at a transition across g firewall or other dividing wall structure within a

vehicle.

BACKGROUND

[6003] In various settings, tubes carrying gases or hguids may be routed
across a dividing wall stracture. For example, 1n vehicles such as automobiles, amcraft,
or the like, air conditioning lines may be routed from an engine compartment across a
structaral firewall to provide access to a passenger compartment ventilation system. The
air conditioning lines are typically supported by holding blocks located at the firewall.
As an example, a8 metal block may include two holes that are configured to accommodate
tubes passing therethrough and a third hole that is configured to accommuodate a fastener,
such as a screw, boli, or the ke, The fastener secures the block to the firewall. The
block, in turn, secwres the wbes i place as they transition between the engine
compartment and the passenger compartment. The tubes may be held m place within the

block by soldering the metal tubes to the metal block.

{0004] While the practice of using a metal support block with soldered

connections 15 believed 1o provide a secure transition, the use of solder to bold the tubes
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i1 place may requive g substantial level of skill, tirue, and effort. Further, the use of metal

holding blocks may give tise to a relatively high expense as well as {0 increased weight.

[0005] United States Patent No. 8430365, entitled “Tube Holding Block
Assembly,” which is hereby incorporated by reference in its entivety, provides a tube
retention block assembly having a support body that iscorporates one or more tube
support passagewavs of discontinuous character extending across the support body. A
displaceable retaining voke is configured o be inserted into a slot disposed transverse to
the tube support passagewayvs, The retaining voke may include one or more engagement
cradies that are configured to at least partially surround and lock 1 place twbes that

extending through the tube support body.

10006] It has been found that wbes positioned within a tube holding block
assembly may wdesirably rotate.  For example, while the tubes may be secured within
passageways formed through an assembly, the tubes may rotate therein. In some known
assemblies, portions of the tube members themselves may be flatiened, for example. The
flattened surfaces of the tube members may mterface with reciprocal features of a tube
support bady to reduce the risk of rotation. However, the tubes themselves may need to
be specially formed and wmanufactured in order to provide the flattened sorfaces. As such,
standard tube members may not be compatible with such assemblies, or, if used, may

undesirably rotate within the assemblies.

SUN

TARY OF EMBODIMENTS OF THE DISCLOSURE

{0007] Certain embodiments of the present disclosure provide a tube-hokling
assembly configured to securely route at least one tobe member from an engine
comnpartment across a structural firewall to a passenger compartment of a vehicle. The
assemibly may include a tube support body configured o securely hold the be
member(s). At least ove tube support passageway may be formed through the support
body. At least a portion of the tube member(s) is configared to be securely retained
within the tube support passageway(s). The assembly may also mclude at least one

rotation-preventing extension outwardly extending from the tube support body proxunate

[
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to the tube support passageway(s). The rofation-preventing extension{(s) is configured to

prevent the tube member(s) from rotating with respect to the tube support body.

[6008] The rotation-preventing extension(s) mwy mclude opposed lateral
walls. At least a portion of the wube member(s} is configuwred to be positioned between
the opposed lateral walls. The rotation-preventing extension{s} may also include a tube-
supporting base spanning between the opposed lateral walls. The opposed lateral walls
may be configured to exert an mwardlv-directed compressive force nto the tube
member(s) to prevent the tube member(s) from rotating with respect to the support body.
In at least one embodiment, the rotation-preventing extension{s} may also include one or
more flexible-retaining protuberances that are configured to one or both of spapably
secure to, or be retained by, at least a portion of the tube member(s). The rotation-
preventing extension{s} may also mclude an angled or curved transition wall extending
from the tube-supporting base. The rotation-preventing extension{s) may also include a
auide beam extending from the transition wall. The guide bean may be orthogenal to the

tube-supporting base.

j0009] Certain embodiments of the present disclosure provide a system that
may inclade first and second twbe members configured to be ronted from an engine
compartment across a structural firewall to a passenger comparmment of a vehicle, and a
tube-holding assembly configured to securely hold the first and second tube members.
The tube-holding assembly may include a tube support body securely holding the first
and second tabe members. First and second tube support passageway may be formed
through the support body. At least portions of the first and second tube members are
securely retained within the fiest and second tube support passageways, respectively, The
tube-holding assembly may also mclude first and second rotation-preventing exiensions
outwardly extending from the tube support bodyv proximate to the first and second tube
support passagewayvs, respectively. The first and second rotation-preventing extensions
prevent the first and second tube members from rotating with respect 1o the tube suppont

body.

L
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jo0a1] Bach of the first and second rotation-preventing extensions may
inchude opposed lateral walls, At least a portion of the first and second wbe members 13
configured t© be positioned between the opposed lateral walls. Each of the first and
second rotation-preventing extenstons may also include a tube-supporting base spanmng
between the opposed lateral walls. The opposed lateral walls may be configured 1o exert
an inwardly-directed compressive force into one of the first or second tabe members to
prevent the first or second tube members from rotating with respect to the support body.
Each of the first and second rotation-preventing extensions may also include one or more
flexible-retaining protuberances that are configured to one or both of snapably secure to,
ot be retained by, at least a portion of one of the first or second tube members. Each of
the first and second rotation-preventing extensions may also include an angled or curved
transition wall extending from the tube-supporting base. Each of the first and second
rotation-proventing extensions may also imclude a gwmde beam extending from the

trapnsition wall. The guide beam may be orthogonal 1o the tube-supporting base.

BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS

j0002] Figure 1 ilustrates a perspective exploded view of a tube-holding
assembly, according to an embodiment of the present disclosure.

[0063] Figure 2 illustrates a fromt view of a rofation-preventing extension,
according to an embodiment of the present disclosure,

{0004) Figure 3 illustrates a front view of a rotation-preventing extension,
according 10 an embodiment of the present disclosure.

[0003] Figure 4 illustrates a front view of 4 rotation-preventing extension,
according t0 an embodiment of the present disclosare.

[0006]  Figure 5 illustrates a front view of a rotation-preventing extension,
according to an embodiment of the present disclosure.

{0007] Figure 6 illustrates & perspective front view of a tube-holding

assembly, according to an embodiment of the present disclosure.
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{0008] Figure 7 tllustrates a lateral view of a tube-holding assembly,

according to an embodiment of the present disclosare.

[0009] Before the embodiments of the disclosure are explained i detail, it iz
to be understood that the disclosure is not lomited in its application fo the details of
construction and the arrangement of the components set forth in the following description
or illustrated in the drawings. The disclosure 15 capable of other embodiments and of
being practiced or being caried out in various wavs. Also, 1t is to be understood that the
phraseclogy and terminology used herein are for the purpose of description and should
not be regarded as limiting. The wse of "mcluding” and “comprising” and vartations
thereof ts meant to encompass the items listed thereafter and equivalents thereof as well

as additional items and eqnivalents thereof,

DETAILED DESCRIPTION OF EMBODIMENTS OF THE DISCLOSURE

{6016 Frgure 1 illustrates a perspective exploded view of a tube-holding or
retention assembly 10, according to an embodiment of the present disclosure. The tube-
holding assembly 10 is configured to support and retain a first tube member 12, suchas a
tubular conduit, cylinder, rod, or the like and a second tube member 14, such as a tubular
condut, evhinder, rod, or the like. The assembly 10 and the tabe members 12 and 14 may
form a system. As shown, the first and second tube members 12 and 14 may be differem
shapes andfor sizes. Ahernatively, the tube-holding assembly 10 may be configured to

support and retain move or less tube members than shown,

[6011] The tube-holding assembly 10 may include a tube support body 16 and
a retaining voke 18, The tube support body 16 may nclade a circomferential {lexsble
sealing member 20, such as a gasket, formed of rubber or another flexible material
disposed about the perimeter of a face 21 or outer interface surface of the support body
16. The sealing member 20 is configured to sealingly engage a component, such as a
firewall (not shown) or other structure, i andfor on which the tube-holding assembly 10

may be mounted.
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j0012]  The tube support body 16 may include g first tube support passageway
22 configured to receive the first tube member 12. The tube support body 16 may also
mchide a second tube support passageway 24 configured fo receive the second tbe
wember 14, The first tube support passageway 22 may include a raised annular shoulder
surface 26 inwardly extending from an interior surface of the passageway 22, The first
raised annular shoulder sarface 26 defines a reduced diameter opening within the first
tube sapport passageway 22, The reduced diameter opening 1s sized to permuit passage of
a segment of the first tube member 12, but to block passage of a first flange 28. Thus, the
first rarsed annular shoulder surface 26 defines a stop that himits the insertion of the first
tube member 12 by abutting against the first flange 28, Similarly, the second tube
support passageway 24 mclodes a second raised annolar shoulder surface 30 that hmits
the extent of msertion of the second tube member 14 by engaging a second flange 32.
Accordingly, by setting the positions of the first raised asnular shoulder surface 26 and
the second raised annular shoulder surface 30 along with the positions of the first flange
28 and the second flange 32, a well-defined degree of insertion depth by the furst and
second tube wembers 12 and 14, respectively, may be achieved. While the first and
second raised annular shoulder surfaces 26, 30, respectively, and the first and second
flanges 28, 32 respectively, are illustrated as substantially continuous annular structures,
s likewise conteroplated that other continuous or discontinpous configarations
providing rawsed profiled surfaces may be used. Aliematively, the assembly may be

devoid of the first and second raised annular shoulder surfaces 26 and 30

0013} The first tube member 12 may include a first enhanced diamerer
annular ring 36 defining a first distal enhanced diameter tube surface disposed in axially
spaced relation from the first flange 28, A reduced diameter neck may be located
between the first flange 28 and the first enbanced diameter annolar ring 36, Addiionally,
one or more flats (not shown} may be disposed along the length of the first reduced
diameter neck. The onentation of the flats may be used to control and maimamn the
relative rotational orientation of the first tube member 12 within the tube suppost body

16. Likewise, the second tube member 14 may include a second enhanced diameter

6
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annular ving 42 defining a second distal enhanced diameter tube surface disposed in
axially spaced relation from the second tlange 32 One or move Hats may be formed
along the length of a second reduced diameter neck to aid in rotational positioning of the
second tube member 14, Allernatively, the tube members 12 and 14 may not mclude the

flats.

j0014] The tube support body 16 may also include a fastener acceptance
passageway 48 that extends axially through the tube support body 16 in generally parallet
relation to the first and second tube support passageways 22 and 24, respectively. The
fastener acceptance passageway 48 15 configired 1o receive a fastener, such as a screw,
bolt or other such attachment device {not shown} that may be used to connect the tube-
holding assembly 10 to the firewall {not shown} or other such support structure. While a
single fastener acceptance passageway 48 is shown, additional aftachinent passageways

may be utilized if desired.

{0015] The tube support body 16 may also mclude a slot opening 50 that i
generally transverse to the first tube support passageway 22 and the second tube support
passageway 24, The slot opemng 50 extends 1o g depth o intersect with the fivst and
second tube sepport passageways 22 and 24 such that the tube sapport passageways 22
and 24 may be discontinuous along their length.  As shown, the slot opening 30 is

configured to accept the retaining yoke 1§ in a wedge-fitting relation.

{041 6] The slot opentng 50 mayv mclude one or more positioning grooves

extending along the slot epening 50. The positioning grooves may extend generally i1 a
direction corresponding to the path of insertion of the retaining voke 18 The retammg
voke 18 mav include one or more positioning ribs 54 that are configured o engage and
ride within the reciprocal positioning grooves as the retaming yoke 18 is inserted into the
slot opening 30 in the divection of arrows A, Thus, the engagement between the
positioning groove(s) and the positioning rib(s) 54 may be vsed to achieve a desired

orientation of the retaming voke 18 within the tube support body 16.

-
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j6017] The retatning yvoke 18 may inclade a first tube engagement cradle 60
and a second tube engagement cradle 62, The first tube engagement cradle 60 15
configured to fit about a first reduced diameter neck 38 of the first wbe member 12, The
second tube engagement cradle 62 is configwred to it about a second reduced diameter
neck 44 of the second tube member 14. The first tube engagement cradle 60 may be of a
generally "U" shaped confignration including downwardly exiending opposing legs

g Hats of the first reduced

=

having generally planar intertor surfaces adapted to enga
diameter neck 38, Likewise, the second tube engagement ¢radle 62 may be of 3 generally

LI shaped configuration mcluding downwardly extending oppeosing legs having

fae

~

gensrally planar interior sorfaces adapted 1o engage flats on opposing sides of the second
reduced dimmeter neck 44, Thug, the first tube member 12 and the second tube member
14 may be oriented at a defined angular position and may be blocked from rotational
movement by the legs of the first and second tube engagememt cradles 60, 62

respectively.

[6018] Alternatively, the first tube engagement cradle 60 andfor the second
tube engagement cradie 62 may bave virtually any other configuration adapted to at least
partially surround a corresponding reduced diameter portion of the tube members 12 and
14, respectively. By way of example only, and not himitation, the first tube engagement
cradle 60 andfor the second wbe engagement cradle 62 may have a generally semi-
circular or other curved surface configaration that would otherwise permit rotation of the

corresponding tube members 12 and 14

[0019] In general, the tube engagement cradles 60, 62 fit about the
corresponding portions of the first tube member 12 and the second tube member 14 ma
nested relation. The effective mternal diameter of the tube engagement cradles 60, 62
may be less than the outer diameter of the corresponding enhanced diameter annular rings
36, 42, Accordingly, when the retaining voke I8 is mserted into the slot opening 50 i
the direction of awrows A, the first and second wbe engagement cradles 80 and 62,
respectively, block withdrawal of the first and second tube members 12 and 14,

respectively, from the first and second tube support passagewavs 22 amd 24, respectively.

8
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Accordingly, the first tube member 12 and the second tube member 14 way be held at a

defined axial position within the tube support body 16.

[0020]  The retaining voke 18 may also include an evelet 64 that is configured
to align with the fastensr acceptance passageway 48 upon full insertion of the retaining
voke 18 mito the slot opening 50, Thus, a fastener such as an elongated bolt, screw or the
like, may pass through the eyelet 64 in aligned relation with the fastener acceptance

passageway 48,

[0021] The retaining voke 18 mayv also include a snap latch 70 that holds the
retaining voke 18 in place within the tube support body 16. The suap latch 70 may
mclade a resilient post having an outwardly projecting chamfered detent. During
nsertion of the retaining yoke 18, the chamfered detent may ride within a camming
groove extending along a wall of the slot opening 50 in generally opposing relation fo the
positioning grooves, Upon full msertion, the chamfered detent snaps in place beneath a
ledge formed at the mterior of the camming groove.  In this position, the retaming voke
18 1s blocked against withdrawal. In the event that withdrawal of the retaining voke 18 s
desired, a tool such as a screwdriver or the ke may be inserted into an access window to
push the resilient post and the chamfered detent inwardly towards the posttioning grooves
thereby allowing the retaining yoke to be pulled out of position. Alternatively, the

retaining voke 18 may not include the snap latch 70

{0022 When the retatning voke I8 1s fully inserted into the slot opening 50,
the first rube member 12 and the second tube member {4 are held in a defined axial
position relative to the tube support body 16, thereby faciliating secure attachment of
feed Hines 1o either end of the tube members 12 and 14, Such connections may be made

by so~called "quack connect™ or other connection techniques.

{0023] The tube support body 16 andfor the retaming voke 18 may be formed
from metal, plastic, or other materials. Various other arrangements, shapes, sizes,

ortentations, and the like may be used to securely support tube members within a support

9
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body. For example, United States Patent No. 8430365 lustrates and describes other

such arran gements.

[0024] As shown in Figure 1, a rotation-preventing extension 100 may
cutwardly extend from the front face 21 of the support body 16 proximate to the first tube
sapport passageway 22, Similarly, a rotation~preventing extension 102 may owtwardly
extend from the first face 21 of the support body 16 proximate to the second wube support
passageway 24, As shown, the rotation-preventing extensions 100 and 102 extend from
the front face 21 below the first and second tube support passageways 22 and 24,
respectively.  Alternatively, the rotation-preventing extenstons 100 and 102 may extend
from the front face 21 above andfor to one or more sides of the fust and second tube
support passagewavs 22 and 24, respectively. For example, the rotation-preventing
extensions 100 and 102 may be tubular sleeves that outwardly extend from the front face

21 and radially about central axes.

{0025] While the sizes of the rotation~preventing extensions 100 and 102
shown in Figure 1 are different, i is understood that the rotation-preventing exlensions
100 and 102 may be any shape and size that s configured 1o accommodaie a tube
member of a desired shape and siwe.  FPurther, while ouly two rotation-preventing
extensions 100 and 102 are shown, more or less rotation-preventing extensions 100 and
102 may be used, depending on the number of tube members that are to be retamned by a

particular tube-holding assembly.

10026] The retation-preventing extensions 100 and 102 may be formed of
metal, plastic, andior the Hike. For example, each rotation~-preventing extension 100 and
102 may be imegrally molded and formed with the front face 21 of the support body 16
Optionally, the rotation-preventing extensions 100 and 102 may be separately formed
from the support body 16 and secured to the from face 21 through fasteners, welding,
bonding, adhesives, or the bike.

[6027] Fach rotation-preventing extension 100 and 102 mcludes opposed

i

tateral walls 104 extending outwardly from the front face 21. The opposed lateral walls

10
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104 may generally be paraliel with a central bisecting axis 108 of the support body 16.
The lateral walls 104 of each rotation-preventing extension 100 and 102 are spaced apart
from one another a distance that is greater than the diameter of the respective tube
wembers 12 and 14, For exgmple, the lateral walls 104 of the rotation-preventing
extension 100 are spaced apart a distance that allows the tube member 12 to it
therebetween. lu at least one embodiment, supported portions 110 and 112 of the first
and second tube members 12 and 14, respectively, are moved over the rotation-
preventing extensions 100 and 102 into the first and second tube support passageways 22
and 24, respectively, in the direction of arrows B and C, respectively. The opposed
lateral walls 104 of each rotation-preventing extension 100 and 102 may provide an
interference fit with at least a portion of the supported portions 110 and 112, respectively.
For example, the opposed lateral walls 104 may be configured to it on either side of a

lower portion of one of the supported portions 110 and 112,

[00238] Figure 2 illustrates a front view of the rotation-preventing extension
100, according to an embodiment of the present disclosure. While Figuwre 2 shows the
rotation-preventing extension 100, it is uvnderstood that the structure of the rotation
preventing extension 100 may be the same as that of the rotation-preventing extension
102 (shown in Figure 1), bat of a different size. Alternatively, the rotation-preventing

extensions 100 and 102 may be the same size, shape, arrangement, and the like.

10029] Referring to Figures | and 2, the opposed lateral walls 104 are set
apart a distance d, which may generally be greater than the diameter of the first tube
member 12, A tube-supporting base 120 extends between the lateral walls 104, The
tube-supporting base 120 may bave a curvature that genervally conforms to the curvature
of the first tube member 12, As such, the supported portion 110 of the lirst tube member
12 may be configured 1o nest within the tube-supporting base 120, A circumferential
ridge 122 may inwardly extend from the tobe-supporting base 120, The ridge 122 may
be configured to securely wrap around at feast a portion of the supported portion 110 of
the first tube member 12, A flexible retaimng protuberance 124, such as a barh, clasp,

spur, or the like, may extend from either end of the ridge 122, The opposed retaining

H
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protuberances 124 may be configured to cooperate to snapably secure the frst tube
member 12 in place. For example, a portion of the first tube member 12 may be
configured 1o be nrged mito tube-supporting base 120 in the direction of arrow E. The
opposed retaiming protuberances 124 inwardly detlect and shide over an outer surface of
the first tube member 12, until the first tube member 12 contacts the tube-supporting base
120, at which point the opposed retaining protuberances 124 snap back and over an upper

portion of the first tube member 12

[0036] Optionally, the opposed retaining protuberances 124 may be
configured to be retained in reciprocal portions of a tube member, such as grooves,
divots, or the ke, In this manner, the opposed retamning protuberances 124 may dig into
portions of the tube member in order to prevent the tube member from rotating.

An angled or curved transition wall 126 may extend below the tube-supporting base 120.
The transition wall 126 may include support struts 128 configured to provide strength to
the transition wall 126 and support a curved transition 130 of the first tube member 12. A
guide beam 132 may connect to a lower portion of the transition wall 126, The guide
beam 132 may be a straight horizontal beam, or may be curved to conform to a shape of a
lower portion 134 of the first tube member 12 that connects to the curved ransition 130,
The gude beam 132 may be aligned and parallel with the central axis 108 of the support
body 16, while the tube-supporting base 120 may be aligned and parallel with a central
axis 140 of the first tube support passageway 22. As shown, the axis 108 mayv generally
be perpendicular to the axis 140, For example, the axis 108 may be a vertically-aligned
axis, while the axis 140 may be a horizontallv-agligred axis, as shown m Figore 1. As

such, the guide beam 132 may be orthogonal to the tube-supporting base 120,

{0031] Figure 3 illustrates a front view of a rotation-preventing exiension 200,
according to an embodiment of the present disclosure. The rotation-preventing extension
200 1s stmilar to the rotation-preventing extenston 100, except that the extension 200 may
nciade opposed retaining protuberances 224 that are configured to subsiantially wrap

over an upper portion of a tube member,

to



WO 2014/172008 PCT/US2014/017860

jo032] Figure 4 illustrates a front view of a rotation-preventing extension 300,
accordimg to an embodiment of the present disclosure. The rotation-preventing extension
300 is similar to the extension 100, except that the extenston 300 includes a flat wube-

supporting base 302 that may connect to a flat transition wall 304 at a right angle.

33 Figure § tlustrates a front view of a rotation-preventing extension 400,
according to an embodiment of the present disclosure. The rotation-preventing extension
400 s similar to the exiension 300, except that a tube-supporting base 404 and a

transition wall 406 may be curved to receive and retain a tube member.

6034] Figure 6 illustrates a perspective front view of the tube-holding
assembly 10, according to an embodinment of the present disclosure. As shown, the tube
members 12 and 14 are positioned i an axial position and secured from rotating ont of
the axial position by the rotation-proventing extensions 100 and 102, respectively,
Referring to Figures 1, 2, and 6, the supported portion 110 of the first tube member 12
may or may not be seated within the tube-supporting base 120 between the lateral walls
104, The tube-supporting base 120 may provide a guwide support for the supported
portion 110, Similarly, the angled transition wall 126 may or may not directly contact the
curved transitron 130, Further, the guide beam 132 may or may not directly countact the
lower portion 134 of the first tube member 12, However, the curved transition 130 and at
least a portion of the lower portion 134 are trapped between the opposed lateral walls
104, Thus, if a rotational force in the divection of arc F is exerted into the first tube
member 12, any rotation of the first tube member 12 1s blocked or halted by the carved
transition 130 andfor the portion of the lower portion 134 abutting into one or both of the
opposed lateral walls 104, The opposed lateral walls 104 exert an mwardly-directed
compressive force mto at least a portion of the first tube member 12, The mwardly-

directec compressive force resists rotation of the first tube member 12

j0035] Additionally, the wibe-supporting base 120, the angled transition wall
126, andfor the guide beam 132 may securely engage portions of the first tnbe member
12, such as through snapable engagement, to prevent or otherwise restrict rotational
movement of the first tube member 12, as explained above. Also, the tube-supporting

13
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base 120, the angled transition wall 126, and/or the guide beam 132 may also mclude
protuberances, such as protuberances 124, that may be configured to secorely mate with
reciprocal portions formed on andior i the wibe member, such as grooves, divots, or the
like, that further prevent or otherwise restrict rotational movement of the tube member

i2

R

[0036] The rotation-preventing extensions 102 may be configured similar to
the rotation-preventing extension 100, As such, the discussion of the components of the
rotation-preventing extension 100 applies to the rotation-preventing extension 102, The
rotation~-preventing extensions 100 and 102 may mervely be sized andior shaped in a
different manner. For example, the rotation-preventing extension 100 may be sized and
shaped to support a tube member of a first diameter, while the rotation-preventing
extension 102 may be sized and shaped to support a tube member of a second diameter,

which differs from the first diameter.

{0037] Figure 7 illustrates a lateral view of the fube-holding assembly 10,
according to an embodiment of the present disclosure. As shown, the opposed lateral
walls 104 of the rotation-preventing extension 102 are positioned on either side of at least
a portion of the cwrved wansition 164 and tower portion 166 of the second tube member
14 (the rotation-preventing extension 100 is hidden from view in Figure 7). Thus, any
rotational force exerted into the supported portion 112 would tend to cause the lower
portion 166 to outwardly swing in the direction of arc G (shown m Figures 1 and 7).
However, the opposed lateral walls 104 of the rotation-preventing extension 102 prevent
the lower portion 166 from swinging in the direction of are G, and therefore prevent the
tube member 14 from rotating while secured to the support bady 16, Sumalarly, the
rotation-preventing extension 100 prevents the tube member 12 from rotating.

j0038] Referring to Figures 1-7, the tube-holding assembly 10 may be used
with various other tube members, such as pipes, conduits, and the like, other than those
shown. For sxample, the tube members may be straight ling tubes that do not include

curved transitions.
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{0039] Embodiments of the present disclosure provide a  tube-holding
assembly having at least one rotation-preventing extension that extends from a face and
proximate 1o a tube support passageway. At least a portion of the rotation-preventing

extension s configured to prevent a tube that connects 1o the assembly from rotating.

jE146] Embodiments of the present discloswwe may be vsed with standard
tubes. The tubes need not be specially formed to be compatible with the tube-holding

assembly.

0041} The tube-holding assemblies described and shown i the present
application may be used in vehicles, such as automobiles, to route heating/ventilation/an
condittoning (HVAC) Iimes from an engine compartment across a structural fivewall to a
passenger compartment.  For example, the tube-holding assemblies may be secured © a

firewall between an engine compartment and a passenger compartment.

[0042] The tube-holding assemblies desertbed in the present application are
configured to secure one or more tube members, such as pipes, conduts, rods, cylinders,
or the hike, v a predefined axial position. The rotation-preventing extensions prevent the

tube member(s) from rotating out of the predefined axial position.

10043] While various spatial and directional terms, such as top, bottom, lower,
mid, lateral, hovizontal, vertical, front and the like may be used to describe embodiments
of the present disclosure, it is understood that such terms are merely used with respect to
the orientations shown in the drawings. The orientations may be inverted, rotated, or

otherwise changed, such that an upper porttion is a lower portion, aml vice versa,

horizontal becomes vertical, and the Iike.

j0044] Vartations and modifications of the foregoing are within the scope of
the present disclosure. It is undersiood that the embodiments disclosed and defined
heven extend to all alternative combinations of two or more of the individual features
mentioned or evident from the text andfor drawings. All of these different combinations
constifute various alternative aspects of the present disclosure.  The embodiments

described herein explain the best modes known for practicing the disclosure and will
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enable othery dalled 1 the art 1o utihize the disclosare. The clatms are 1o be construed o

inchude alternative embodiments to the extent permitted by the prior arnt.

[6045] To the extent used in the appended claims, the terms "ncluding” and
“in which” are used as the plain-English equivalents of the respective terms "comprising”
and "wherein" Moreover, to the extent used in the following claims, the terms "firsy"
"second,” and "third" ete. are used merely as labels, and are not intended o impose
numerical requirements on their objects. Further, the linutations of the following claims
are pot written in means-plus-function format and are not intended to be mterpreted based
on 35 US.C§ TI2(f), unless and until such claim himitations expressly vse the phrase

P

“means for” followed by a statement of function void of further structure.

10046] Various features of the disclosore are set forth in the following claims,

16
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CLAIMS
1. A tube-holding assembly configured to securely route at least one tube

member from an engine compartment across a structwral firewall fo a passenger
companrtment of a vehicle, the tube-holding assembly comprising:

a tube support body configured to securely hold the at least one tube member,
wherein at feast one tnbe support passageway s formed through the support body, and
wherein at least a portion of the at least one tube member is configured 1o be securely
retained within the at least one tube support passageway,; and

al least one rotation-preventing extension outwardly extending from the tube
support body proximate to the at least one tube support passageway, wherein the at least
one rotation-preventing extension s configured to prevent the at least one tube member

from rofating with respect to the tube support body.

2. The tube-holding assembly of claim 1, wherein the at least one rotation-
preventing extension comprises opposed lateral walls, and wherein at least a portion of
the at least one tube member is configured to be positioned between the opposed lateral

walls.

3 The tube-holding assembly of claim 2, wherein the at least one rotation-
preventing extension further comprises a tubs-supporting base spanning between the

opposed lateral walls.

4. The tube-holding assembly of claim 2, wherein the opposed lateral walls
are configured to exert an inwardly-divected compressive force into the at least one tube
member to prevent the at least one tube member from rotating with respect to the support

bady.

S The tube-holding assembly of claim 2, wherein the at least one rotation-

preventing extension further comprises one or more flexible-retaining protuberances that

R
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are configured to one or both of snapably secure to, or be retained by, at least a portion of

the at feast one be member,

6. The whe-holding assembly of claim 3, wherein the at least one rotation-
preventing extension further comprises an angled or curved transition wall extending

from the tube-supporting base.

7. The whe-holding assembly of claim 6, whetein the at least one rotation-
preventing extension further comprises a gude beam extending from the transition wali,

wherein the guide beam 15 orthogonal 1o the tube-supporting base.

8. A system comprising

first and second tube members configured to be routed from an engine
compartinent across a structural firewall to a passenger compartment of a vehicle; and

a tube-holding assembly configured to securelv hold the first and second tbe
members, the tobe-holding assembly comprising:

a tube suppont body secuvely holding the first and second tabe members,
wherein first and second tube support passageway are formed through the support
body, and wherein at least portions of the first and second tube members are
securely  retamed within the fust and second tube support passageways,
respectively; and

first and second rotation-preventing exiensions outwardly extending from
the tube support body proximate to the first and second tube support passageways,
respectively, wherein the first and second rotation-preventing extensions prevent
the first and second tube members from rotating with respect o the tube support

body.

9. The system of claim 8, wherein each of the fust and second rotation-

preventing extensions comprises opposed lateral walls, and wherein at least g portion of

18
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the first and second tube members 1s configared to be positioned between the opposed

lateral walls,

10, The system of claim 9, whergin cach of the first and second rotation-
preventing extensions further comprises a tube-supporting base spanning between the

opposed lateral walls.

tl. The svstem of claim 9, wherein the opposed lateral walls are configured to
exert an inwardly-directed compressive force into one of the first or second tube
members to prevent the first or second tube members from rotating with respect to the

support body.

12, The system of claim 9, wherein cach of the first and second rotation-
preventing extensions further comprises one or more flexible-reaining protuberances that
are configured 1o one or both of snapably secure 1o, or be retained by, at least a portion of

one of the first or second tube members.

13, The system of claim 10, wherem each of the first and second rotation-
proventing extensions further comprises an angled or curved travsition wall extending

from the tube-supporting base.

t4.  The system of claim 13, wherein each of the first and second rotation-
preventing extensions further comprises a guide beam extending from the transition wall,

wherein the guide beam is orthogonal 1o the tube-supporting base.
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15, A wbe-holding assembly configured to securely route fivst and second
tebe members from an engnie compartment across a structural firewall to a passenger
compariment of a vehicle, the tube-holding assembly comprising

a tube suppori body configwed {0 secuwrely hold the first and second tube
members, wherein first and second tube support passageways are formed through the
support body, and wherein at least a portion of each of the first and second tube members
1s configured to be securely retained within the first and second tube support
passageways, respectively; and

first and second rotation-preventing extensions outwardly extending from the tube
support body proximate to the first and second tube support passageways, respectively,
wherein each of the first and second rotation-preventing extensions i3 configured to
prevent the first and second tube members, respectively, from rotating with respect to the
tube support bady, wherein each of the first and second rotation-preventing extensions
COmprises:

opposed lateral walls, wherein at least a portion of the first or second fbe
members s configured to be positioned belween the opposed lateral walls,
wherem the opposed lateral walls are configured to exert an inwardly-directed
compressive force mto the at east a portion of the first or second tube members to
prevent the first or second tube members from rotating with respect to the support
body, and

a tube-supporting base spanning between the opposed lateral walls.

16.  The tube-holding assembly of claim 15, wherein each of the first and
second rotation-preventing extensions further comprises ong or more flexible-retaining
protuberances that are configured to one or both of snapably secure to, or be retained by,

at least a portion of one of the first or second tube members.

20



WO 2014/172008 PCT/US2014/017860

17 The tobe-holding assembly of clanm 16, wherein each of the first and
second rolation-preventing extensions further comprises an angled or curved transition

wall extending from the wibe-supporting base.

18.  The mbe-holding assembly of claim 17, wherein gach of the first and

second rotation-preventing extensions farther comprises a guide beam extending from the

transition wall, wherein the guide beam i1s orthogonal to the tube-supporting base.
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