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Description
BUMPER CLIP FOR TUBE TYPE HEAT EXCHANGERS

Technical Field

The present disclosure relates to support clips used to attach heat
exchangers to the frame or chassis of a machine. Specifically, the present
disclosure relates to a bumper clip used to hold onto the tubes of a tube type heat

exchanger of earth moving, construction, and mining machines and the like.

Background

Machines, such as those used in the earth moving, construction,
and mining industries use heat exchangers to cool engines or other heat
producing devices. Support clips are often employed to attach the tube of a heat
exchanger, such as a radiator, air-to-air after cooler or the like, to a frame or
chassis. The interface between the clip and tube may experience play that may be
caused by internal or external causes. Internal causes of this play may include
erosion that occurs due to cavitation of the fluid flowing through the tube, leading
to the tube wall deforming inwardly. External causes may include dimensional
growth or contraction of the support clip due to changes in temperature or
moisture, etc.

Play between the support clip and the tube may lead to further
issues with wear and/or an improper orientation of the heat exchanger relative to
the flow of air meant to draw heat from the tube. Moreover, debris may
accumulate between the surfaces of the tube and the clip, leading to tube and/or
clip damage, decreasing the ability of the clip to properly hold the tube. More
particularly, tube clips are typically designed to constrain the tube from fore-aft
and side to side motion as well as limit any bending of the tube or displacement
of the tube in different directions. These performances of the clip may be
compromised if debris accumulates between the surfaces of the tube and the clip.

U.S. Pat. Application Publ. No. 2005/0173597 to Farrell et al.

discloses a support clip for tubes used in a roof cooling system. More
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particularly, Farrell discloses a support block and a system for roof cooling. The
support block supports a pipe above a structure, wherein the pipe has a cross-
sectional area and a diameter of predetermined dimensions, and the support block
includes a number of outer surfaces each having an opening and a cavity. Each
cavity has a cross-sectional area larger than the cross-sectional area of a pipe and
the opening can be less than the diameter of the cavity cross-sectional area or
slightly less than the diameter of the pipe. Dovetail notches on the surfaces of the
support block are present to attach the support block onto the roof. Adhesives
can be used in the dovetail notches or an adapter plate attached to the roof can be
used to attach the support block to the adapter plate. Alternatively, the support
block can be used to assist in supporting and routing any type of conduit or
cabling,

As can be seen, Farrell does not adequately address the
aforementioned problems since it does not teach how to hold a multitude of tubes
in a three dimensional array of a heat exchanger while also attaching the tubes to

be reliably attached to the frame of a radiator, air-to-air after cooler, etc.

Summary

A heat exchanger assembly according to an embodiment of the
present disclosure is provided and may include a frame, a plurality of tubes, and a
first bumper clip attaching at least a first tube of the plurality of tubes to the
frame. The first tube may define a first exterior dimension and the first bumper
clip may define a first tube slot defining a first tube slot dimension that is less
than the first exterior dimension of the at least first tube.

A bumper clip according to an embodiment of the present
disclosure is provided and may comprise a base portion, and a first U-shaped
portion including a first leg and a second leg that is spaced away from the first
leg, defining a first slot with an open end and defining a slot width. The first leg
may define a first leg length and a ratio of the first leg length to the slot width

may range from 1.5 to 5.0.
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A bumper clip according to another embodiment of the present
disclosure is provided and may comprise a serpentine body extending along a
sweep path and defining a plurality of tube holding notches including a first tube
holding notch disposed along the sweep path facing in a first direction and a
second tube holding notch disposed adjacent the first tube holding notch along
the sweep path, the second tube holding notch facing in a second direction that is
opposite of the first direction. The first tube holding notch may define a first tube
holding notch depth and a first tube holding notch width, and a ratio of the first
tube holding notch depth to the first tube holding notch width may range from 1.5
to 5.0.

Brief Description of the Drawings

The accompanying drawings, which are incorporated in and
constitute a part of this specification, illustrate several embodiments of the
disclosure and together with the description, serve to explain the principles of the
disclosure. In the drawings:

FIG. 1 is a perspective view of a heat exchanger assembly
showing the use of bumper clips according to various embodiments of the present
disclosure with some of the tubes of the heat exchanger omitted for enhanced
clarity.

FIG. 2 is an enlarged perspective view of the bumper clips used in
the heat exchanger assembly of FIG. 1.

FIG. 3 is a top sectional view of the heat exchanger assembly of
FIG. 2.

FIG. 4 is an enlarged top sectional view of the heat exchanger
assembly of FIG. 3, showing various embodiments of the bumper clips holding
the tubes in position.

FIG. 5 is a perspective view of a bumper clip according to a first
embodiment of the present disclosure that is used to attach an outside tube to the
frame of the heat exchanger assembly.

FIG. 6 is a front view of the bumper clip of FIG. 5.
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FIG. 7 is a top view of the bumper clip of FIG. 5.

FIG. 8 is a perspective view of a bumper clip according to a
second embodiment of the present disclosure that is used to space inside tubes of
the heat exchanger assembly from each other.

FIG. 9 is a top view of the bumper clip of FIG. 8.

FIG. 10 is a front view of the bumper clip of FIG. 8.

Detailed Description

Reference will now be made in detail to embodiments of the
disclosure, examples of which are illustrated in the accompanying drawings.
Wherever possible, the same reference numbers will be used throughout the
drawings to refer to the same or like parts. In some cases, a reference number
will be indicated in this specification and the drawings will show the reference
number followed by a letter for example, 100a, 100b or by a prime for example,
100°, 100’ etc. Itis to be understood that the use of letters or primes
immediately after a reference number indicates that these features are similarly
shaped and have similar function as is often the case when geometry is mirrored
about a plane of symmetry. For ease of explanation in this specification, letters
and primes will often not be included herein but may be shown in the drawings to
indicate duplications of features, having similar or identical function or geometry,
discussed within this written specification.

Various embodiments of a heat exchanger assembly and bumper
clips intended to hold the tubes of a tube type heat exchanger attaching the same
to a frame of a machine or the heat exchanger will now be described with
reference to FIGS. 1 thru 10. In some embodiments, the bumper clips are
designed to have an interference fit with the tube, helping to prevent debris
accumulation between the surfaces of the tube and the clip, which may cause
damage to the tube or the clip. For example, a tube with a width measured as
“X” may be pressed into a bumper slot with a width measured as “.9X”
depending on the material that is used to make the bumper clip. Also, the bumper

clip may be custom cut to different lengths depending on the number to tubes that
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are needed to be held. The heat exchanger may take various forms including an
air-to-air after cooler as shown in FIGS. 1 thru 10, but it is to be understood that
other applications are possible.

A heat exchanger assembly according to an embodiment of the
present disclosure will now be discussed with reference to FIGS. 1 thru 4. The
heat exchanger assembly 100 may comprise a frame 102, a plurality of tubes 104,
and a first bumper clip 200 attaching at least a first tube 104a of the plurality of
tubes 104 to the frame 102. As best seen in FIG. 4, the first tube 104a may define
a first exterior dimension 106 and the first bumper clip 200 may define a first
tube slot 202 defining a first tube slot dimension 204 that is less than the first
exterior dimension 106 of the at least first tube 104a.

The heat exchanger assembly 100 may further comprise a second
bumper clip 300 that is differently configured than the first bumper clip 200. The
second bumper clip 300 may attach at least a second tube 104b of the plurality of
tubes 104 to the first tube 104a. The second tube 104b defines a second exterior
dimension 108 and the second bumper clip 300 defines a second tube slot 302
defining a second tube slot dimension 304 that is less than the second exterior
dimension 108 of the second tube 104b.

As also best seen in FIG. 4, the first bumper clip 200 may
comprise a first straight spine 206 and a first plurality of prong portions 208.
Each of the first plurality of prong portions 208 may define a first bumper clip
tube holding aperture 210 facing in the same direction 212. The plurality of tubes
104 may all define the same exterior dimension 110 (e.g. the same as the first
exterior dimension 106) and each first bumper clip tube holding aperture 210
may define the same first bumper clip tube holding aperture dimension 214 that is
less than the same exterior dimension 110 of the plurality of tubes 104.

The second bumper clip 300 may comprise a serpentine body 306
extending along a sweep path 308 and may define a plurality of tube holding
notches 310 including a first tube holding notch 310a disposed along the sweep
path 308 facing in a first direction 312 and a second tube holding notch 310b
disposed adjacent the first tube holding notch 310a along the sweep path 308, the
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second tube holding notch 310b facing in a second direction 314 that is opposite
of the first direction 312.

The heat exchanger assembly 100 may further comprise a third
bumper clip 200’ that is identically configured as the first bumper clip 200. The
third bumper clip 200’ may comprise a second straight spine 206’ and a second
plurality of prong portions 208”. Each of the second plurality of prong portions
208’ may define a third bumper clip tube holding aperture 210’ facing in the
opposite direction 212° as compared to the same direction 212 the first bumper
clip tube holding aperture 210 faces. The plurality of tubes 104 may all define
the same exterior dimension 110 and each third bumper clip tube holding
aperture 210” may define the same third bumper clip tube holding aperture
dimension 214’ that is less than the same exterior dimension 110 of the plurality
of tubes 104.

Similarly, the heat exchanger assembly 100 may further comprise
a fourth bumper clip 300’ that is identically configured as the second bumper clip
300. The fourth bumper clip 300" may be disposed between the second bumper
clip 300 and the third bumper clip 200’and may also hold at least some of the
plurality of tubes 104.

Turning now to FIGS. 5 thru 7, various features of the first
bumper clip 200 will now be discussed in isolation from the heat exchanger
assembly 100. The first bumper clip 200 may comprise a base portion 216, and a
first U-shaped portion 218 including a first leg 220 and a second leg 222 that is
spaced away from the first leg 220, defining a first slot 224 with an open end 226
and defining a first slot width 228. As best seen in FIG. 6, the first leg 220 may
defines a first leg length 230 and a ratio of the first leg length 230 to the first slot
width 228 may range from 1.5 to 5.0.

The first bumper clip 200 may further comprise a plurality of U-
shaped portions 218’ including the first U-shaped portion 218. Each of the
plurality of U-shaped portions 218’ may be identically configured as the first U-
shaped portion 218. For the particular embodiment shown in FIGS. 5 thru 7, the
plurality of U-shaped portions 218’ includes a first U-shaped portion 218, a
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second U-shaped portion 218a, and a third U-shaped portion 218b. Other
configurations and number of these features may be employed in other
embodiments of the present disclosure.

Returning to FIG. 6, the second U-shaped portion 218a may be
spaced away from the first U-shaped portion 218 a first predetermined distance
232 forming a first mounting aperture 234. Likewise, the third U-shaped portion
218b is spaced away from the second U-shaped portion 218a the same first
predetermined distance 232 forming a second mounting aperture 236. The first
predetermined distance 232 may be greater than the first slot width 228. This
may not be the case in other embodiments.

The first mounting aperture 134 may be a thru-slot 238 and may
define a first mounting aperture depth 240 that is greater than the first leg length
230. Other configurations and dimensions are possible for these features are
possible in other embodiments of the present disclosure.

In like fashion, the second leg 222 of the first U-shaped portion
218 may define a second leg length 242 that is the same as the first leg length 230
but not necessarily so.

As best seen in FIGS. 5 and 7, the base portion 216 may further
define a first fastener receiving aperture 244 that is in communication with the
first mounting aperture 234 and that extends perpendicularly to the first mounting
aperture 234. A second fastener receiving aperture 244’ that is in communication
with the second mounting aperture 236 and that extends perpendicularly to the
second mounting aperture 236. Counterbores 246 for receiving the head of a
fastener may also be provided. The first mounting aperture 234 may be
identically configured as the second mounting aperture 236 and the first fastener
receiving aperture 244 may be identically configured as the second fastener
receiving aperture 244’ These features may be altered to be differently
configured in other embodiments of the present disclosure.

The first bumper clip 200 may be manufactured from a material

sold under the Tradename of SMOOTH-SIL 960 (a platinum cured silicone
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rubber) but other materials (e.g. aluminum, thermoplastics, other thermosets, etc.)
may be used in other embodiments.

Looking at FIGS. 8 thru 10, various features of the second bumper
clip 300 will now be described in isolation from the heat exchanger assembly
100. The second bumper clip 300 may comprise a serpentine body 306 extending
along a sweep path 308 and may define a plurality of tube holding notches 310
including a first tube holding notch 310a disposed along the sweep path 308
facing in a first direction 312 and a second tube holding notch 310b disposed
adjacent the first tube holding notch 310a along the sweep path 308. The second
tube holding notch 310b may face in a second direction 314 that is opposite of the
first direction 312.

As best seen in FIG. 9, the first tube holding notch 310a may
define a first tube holding notch depth 316 and a first tube holding notch width
318. A ratio of the first tube holding notch depth 316 to the first tube holding
notch width 318 may range from 1.5 to 5.0. Each of the plurality of tube holding
notches 310 may be identically configured. The serpentine body 306 may define
a generally rectangular perimeter 320. The plurality of tube holding notches 310
includes a third tube holding notch 310c and a fourth tube holding notch 310d.
The third tube holding notch 310¢ may be identically configured as the first tube
holding notch 310a and the fourth tube holding notch 310d may be identically
configured as the second tube holding notch 310b.

The second bumper clip 300 may be manufactured from similar or
dissimilar materials as the first bumper clip.

Any of the dimensions, configurations, materials, etc. discussed
herein may be varied as needed or desired to be different than any value or
characteristic specifically mentioned herein or shown in the drawings for any of

the embodiments.

Industrial Applicability

In practice, a heat exchanger assembly, a bumper clip, and/or a

machine using any embodiment disclosed herein may be sold, bought,
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manufactured or otherwise obtained in an OEM (original equipment
manufacturer) or after-market context. In some cases, various components, of the
heat exchanger assembly, of the bumper clip, machine, etc. may be provided as a
kit.

It will be apparent to those skilled in the art that various
modifications and variations can be made to the embodiments of the apparatus
and methods of assembly as discussed herein without departing from the scope or
spirit of the invention(s). Other embodiments of this disclosure will be apparent
to those skilled in the art from consideration of the specification and practice of
the various embodiments disclosed herein. For example, some of the equipment
may be constructed and function differently than what has been described herein
and certain steps of any method may be omitted, performed in an order that is
different than what has been specifically mentioned or in some cases performed
simultaneously or in sub-steps. Furthermore, variations or modifications to
certain aspects or features of various embodiments may be made to create further
embodiments and features and aspects of various embodiments may be added to
or substituted for other features or aspects of other embodiments in order to
provide still further embodiments.

Accordingly, it is intended that the specification and examples be
considered as exemplary only, with a true scope and spirit of the invention(s)

being indicated by the following claims and their equivalents.
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Claims

I. A bumper clip (200) comprising:

a base portion (216); and

a first U-shaped portion (218) including a first leg (220) and a
second leg (222) that is spaced away from the first leg (220), defining a first slot
(224) with an open end (226) and defining a first slot width (228);

wherein the first leg (220) defines a first leg length (230) and a
ratio of the first leg length (230) to the first slot width (228) ranges from 1.5 to
5.0.

2. The bumper clip (200) of claim 1 further comprising a
plurality of U-shaped portions (218”) including the first U-shaped portion (218),
each of the plurality of U-shaped portions (218”) being identically configured as
the first U-shaped portion (218).

3. The bumper clip (200) of claim 2 wherein the plurality of
U-shaped portions (218”) includes a first U-shaped portion (218), a second U-
shaped portion (218a), and a third U-shaped portion (218b), wherein:

the second U-shaped portion (218a) is spaced away from the first
U-shaped portion (218) a first predetermined distance (232) forming a first
mounting aperture (234);,

the third U-shaped portion (218b) is spaced away from the second
U-shaped portion (218a) the same first predetermined distance (232) forming a
second mounting aperture (236); and

the first predetermined distance (232) is greater than the first slot
width (228).

4. The bumper clip (200) of claim 3 wherein the first
mounting aperture (234) is a thru-slot (238) and defines a first mounting aperture

depth (240) that is greater than the first leg length (230).
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5. The bumper clip (200) of claim 4 wherein the second leg
(222) of the first U-shaped portion (218) defines a second leg length (242) that is
the same as the first leg length (230).

6. The bumper clip (200) of claim 4 wherein the base portion
(216) further defines a first fastener receiving aperture (244) that is in
communication with the first mounting aperture (234) and that extends
perpendicularly to the first mounting aperture (234) and a second fastener
receiving aperture (244’) that is in communication with the second mounting
aperture (236) and that extends perpendicularly to the second mounting aperture

(236).

7. A bumper clip (300) comprising:

a serpentine body (306) extending along a sweep path (308) and
defining a plurality of tube holding notches (310) including a first tube holding
notch (310a) disposed along the sweep path (308) facing in a first direction (312)
and a second tube holding notch (310b) disposed adjacent the first tube holding
notch (310a) along the sweep path (308), the second tube holding notch (310b)
facing in a second direction (314) that is opposite of the first direction (312);

wherein the first tube holding notch (310a) defines a first tube
holding notch depth (316) and a first tube holding notch width (318), and a ratio
of the first tube holding notch depth (316) to the first tube holding notch width
(318) ranges from 1.5 to 5.0.

8. The bumper clip (300) of claim 7 wherein each of the
plurality of tube holding notches (310) are identically configured.

0. The bumper clip (300) of claim 8 wherein the serpentine
body (306) defines a generally rectangular perimeter (320), the plurality of tube
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holding notches (310) includes a third tube holding notch (310c¢) and a fourth
tube holding notch (310d).

10.  The bumper clip (300) of claim 9 wherein the third tube
5  holding notch (310c¢) is identically configured as the first tube holding notch

(310a) and the fourth tube holding notch (310d) is identically configured as the
second tube holding notch (310b).

11. A heat exchanger assembly (100) comprising:

a frame (102);

10 a plurality of tubes (104); and
a bumper clip (200, 300) according to any of claims 1-10, the

bumper clip attaching at least a first tube of the plurality of tubes to the frame.



WO 2020/172012 PCT/US2020/017844

1/8




WO 2020/172012 PCT/US2020/017844

2/8




WO 2020/172012 PCT/US2020/017844

3/8 0




PCT/US2020/017844

4/8

WO 2020/172012

[l
&5

oy =2
o

e
o




WO 2020/172012

5/8

PCT/US2020/017844




WO 2020/172012

N\
\
{
2 o
o !
o & ]
¥ % 7
o ! i
AN T {
N % ——
« N {
S B
Y
L} N & :
o0
= o O [l
%% =3 =<
¥ : N
R 5o
=~ N =
[ i
i o /) :
<D
)
faN]

6/8

PCT/US2020/017844

L3
o0

N

[So 0Ny
U
=
= Iy
N\
= N
3"
&F
[N]
3
-t
o™
(<o BN e &>
- -3
[N ot CNG
P &\39
T3 oo T
[fo
o P
& NN
=
o &
N
o3
pud
o3

220 L



WO 2020/172012 PCT/US2020/017844

778

320




PCT/US2020/017844

WO 2020/172012

8/8

Lo}
~———
>

90¢

6t

80¢

/
~ o
008 ‘
e o DE ey
\\r// 0t Bi€
5167 L
\_/ %L\
/ /
0036 Bie
018 0% 08

00g



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2020/017844

A. CLASSIFICATION OF SUBJECT MATTER

INV. F28D1/04
ADD.

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

B. FIELDS SEARCHED

F28D F28F

Minimum documentation searched (classification system followed by classification symbols)

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

EPO-Internal

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

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

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

Relevant to claim No.

Y figures 3-9

AL) 3 May 2018 (2018-05-03)
Y figures 1,2

4 July 1974 (1974-07-04)
figure 5

20 November 1997 (1997-11-20)
figures 1,2

X US 2001/040021 Al (AVEQUIN STEPHANE [FR]
ET AL) 15 November 2001 (2001-11-15)

A DE 23 00 080 Al (BENTELER WERKE AG)

A DE 196 28 523 C1 (HERBST DONALD [DE])

1-3,7-11
4-6

X US 2018/120040 Al (BIREAUD FABIEN [FR] ET 1-3

4-6
7-11

1-11

_/__

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

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

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

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

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

27 April 2020

Date of mailing of the international search report

13/05/2020

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Schindler, Martin

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2020/017844

C(Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

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

Relevant to claim No.

A

US 2018/266775 Al (FARLOW PARKER [US])

20 September 2018 (2018-09-20)

figure 5

US 2015/247677 Al (COCHRAN WILLIAM [US] ET
AL) 3 September 2015 (2015-09-03)

figures 3-6

US 2002/148116 Al (RHODES RICHARD 0 [US])
17 October 2002 (2002-10-17)

figure 6

DE 86 00 341 Ul (ECKERT, LOTHAR)

20 February 1986 (1986-02-20)

figures 1,2

1-11

1-11

1-11

1-6

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2020/017844
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2001040021 Al 15-11-2001 AT 262152 T 15-04-2004
BR 0100175 A 28-08-2001
DE 60102309 T2 05-08-2004
EP 1120620 Al 01-08-2001
FR 2804501 Al 03-08-2001
JP 2001241884 A 07-09-2001
US 2001040021 Al 15-11-2001

US 2018120040 Al 03-05-2018 (N 107810379 A 16-03-2018
EP 3292352 Al 14-03-2018
FR 3035955 Al 11-11-2016
US 2018120040 Al 03-05-2018
WO 2016177831 Al 10-11-2016

DE 2300080 Al 04-07-1974  NONE

DE 19628523 Cl 20-11-1997 DE 19628523 (1 20-11-1997
FR 2751061 Al 16-01-1998

US 2018266775 Al 20-09-2018  NONE

US 2015247677 Al 03-09-2015 CN 106062500 A 26-10-2016
DE 112015001004 T5 15-12-2016
JP 6256622 B2 10-01-2018
JP 2017505417 A 16-02-2017
US 2015247677 Al 03-09-2015
US 2018112922 Al 26-04-2018
WO 2015129234 A2 03-09-2015

US 2002148116 Al 17-10-2002 AU 2002254700 Al 28-10-2002
US 2002148116 Al 17-10-2002
WO 02084194 A2 24-10-2002

DE 8600341 Ul 20-02-1986  NONE

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - claims
	Page 12 - claims
	Page 13 - claims
	Page 14 - drawings
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - wo-search-report
	Page 23 - wo-search-report
	Page 24 - wo-search-report

