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HEAT SHIFLD ASSEMBLY FOR AN EXHAUST SYSTEM

RELATED APPLICATIONS
R This application claims the benefit of U8, Utility Patent Application Serial
Mo, 147978418, filed December 27, 2015, the entire disclosure of the application being
considersd part of the disclosure of this application and hereby Incorporated by reference,
BACKGROUND OF THE INVENTION
i, Technical Field
{08} This invention relates penerally to heat shisld assemblies for vehicle exhaust
SYBIemS.
2z, Related Ant
UK YVehicles with intemal combustion engings typically include an exhaust sysiem
with & plorality of exhoust pipes, a catalytic converter, 2 muffler and (sometimes) a
wrhocharger, All of these components operate most sfficiently at high temperatures. For
example, the exhaust system iyplcally is rosponsible for the oxidation of unburmed
hiydrocarbons in the exhaust gas from the combustion process,
18084} In order to protect other vehicls components from the heat of the exhaust
gasses, most exhasst systems include one or move heal shields which encapsulate one of
more of the components in the sxhaust system. Typical heat shickd assemblies are made
substantially entirsly of one or more insulpting materinls with very tow thermal conductivities
in order to dirsctly insulate the exhaust components 1© maximizing the heat retained in the
exhaust componsnis 1o optimize the oxidation of uaburned hydrocarbons in the exhaust gas
from the combustion process.
SUMMARY OF THE INVENTHIN AND ADVANTAGES
HUESY: Oine aspect of the present invention provides for g heat shield assembly for an

exhaust system of an internal combustion engine of # vehicle. The heat shield assembly
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includes an inner-most laver that is directly engagable with an oxhaust component and is of a
non-ceramic material with a first heat capacity and a first thermal conductivity, The heat
shield assembly additionally includes an insulating layer that surrounds the inner-most layer
and is of & material that has 2 second heat capacity which is Jower than the fivst heat capavity
and has a second thermal conductivity which is lower than the first thermal conductivity, The
direct engagement of the inner-most layer with the exhaust component allows heat to be
easily transferred between the exhaust component and the Inner-most layer.

HLHHEY The hest shicld assembly is advantageous beosuse, due to the high heat
capacity and thermal conductivity, heat is very efficiently conducted between the exhaust
component and the inner-most fayer, As such, when the internal combustion engine is cold
started with all componenis al an ambient lemperature, the oxhaust pipe warms relatively
stowly beeause some of the heat from exhaust gasses travelling through the exhaust pipe 18
transferred nto the inner-most laver, This protocts the exhaust pipe from strasses due (o rapid
temperature change that could damage the exhaust component, Additionally, the high heat
capacity and thermal conductivity of the Inner-most layer sliows the inner-most layer to trap
a large amount of heat during operation of the engine and to retem that heat back o the
gxhaust pipe after the engine has stopped operating, thereby reducing the rale at which the
exhaust component cools, In addition to protecting the exhaust pipe from stresses from rapid
temperature change, this also has the effect of keeping the exhaust pipe closer 0 an opiimal
operating temperature for if the internal combustion engise begins operation again in a shon
seriod. For example, if 2 driver of the vehicle tums the englne off while he or she goes intg a
stove, the exhaust pipe will be closer 1o its optimal operating temperaturs when he or she
sestarts the engine. This may have the effect of reducing pollutants that are emitied by the
exhaust system and also improving the performance of the engine during the time that

exhaust pipe would otherwise be warming up to its optimal operating femperaiue.
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87 According io another aspect of the presest invention, the inner-most layer i
made of two plecas.

EHEE According to yei another aspect of the present invention, the insulating layer s
made of 1w picces.

8% Accarding 1o still another aspect of the present invention, the heat shield
assembly further includes an outer shell that surround the inner-most and Insulating layers for
proteciing the lnner-most and insulating layers.

LI According o another aspect of the present invention, the outer shigld is made
of two pleces,

jE 3 According 1o yet another aspect of the present invention, the two pleces of the
outer shell are joined together by a weld seam.

L} According to stifl another aspect of the present invention, the weld seam joins
the two pleces of the outer shell together at radially exiending flanges on the pieces of the
outer shell

LR According to a further aspect of the present invention, the outer shell exiends
ionghudinally past the inner-most and insulating layers in both lopgitudinal directions,

BG4 According 1o yet ancther aspeet of the present invenstion, adiacent cach
ionghuding! end, the outer shell tapers radially inwardly for directly comacting the exhaust
componni.

HOE S Ancther aspect of the present invention is related to an exhaust assembly fora
vehicle. The exhaust assembly includes an exhaust component, such as an exhaust pipe, and 2
hoat shicld assembly which includes an inner-most loyer and an insulating layer, The inner-
most laver s In divect engagement with the exhaust compenent and is made of & non-caramic
material which has a first heat capacity and a first thermal conduetivity for receiving and

retaining heat from the exhoust component during operation of the internal combustion



WO 2017/116777 PCT/US2016/067406
4
engine and {or transforring heat back to the exhaust component afler operation of the inlernal
combustion engine has stopped. The insulating layer surrounds the nner-most layer and is of
a material that has a second heat capacity that is lower than the frst heat capacity and has a
second thermal conductivity which is lower than the first thermal conductivity for insulating
the exhaust component and the inner-mast Jayer from another vehicle component,
BRIEF DESCRIPTION OF THE DRAWINGS
i ia] These and other aspects, features and advaniages of the invention will become
mors readily appreciated when considersd in connection with the following detailed
description of presently preferred embodimenis and best mode, appended claims and
accompanying drawings, in which:
iBR17] Figure | is a perspective view of an exhaust component in the form of an
exhaust pips with an exemplary embudiment of a heat sink assembly encasing a postion of a
longitudinal length of the exhaust pipe;
1383 Figure 2 is g sectional and perspective view of the exhaust pipe and the hest

sink assembiy;

6019 Figure 3 iv an exploded view of the exemplary embodiment heat sink
assembly;
izt Figure 4 is 8 cross-sectional view of the oahaust pipe and the exemplary

embodiment of the beat sink assembly taken through Line 4-4 of Figure 1,

Lt A Y Figure 3 is a perspective view showing a seam welding process being
erployed 1o weld two pisces of an cuter shell of the exemplary heat sink sasembly logether;
Iz 2} Figure 6 is an enlarged view of one longitudinal end of the exemplary

embodiment of the heat sink assembly around the exhaust pipe; and
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8833} Figure 7 is a perspective view of 8 heat shield covering a turbo charger, 2
caiabiic converier snd 3 portion of an exhasst pipe in an exsmplary vehicle exhaust
assombiy,

DETAILED DESCRIPTION OF PRESENTLY PREFERRED EMBODIMENTS
{241 Referring 1o the Figures, wherein Hke numerals indicate comresponding pants
throughout the several views, an exhaust component including & heat shield assembly 28 for
use i a vehiche with an internal combustion engine {not shown) is generally shown in Figure
{. The exemplary exhaust component is an exhaust pipe 22 for conveying exhaust gasses
froim an exhaust manifold of the engine 1o the ambiend air via o tail pipe. However, i should
be appreciated that heat shield assembly 38 could be used in conjunction with other types of
exhaust components, such as a catalytic converter, a twrbocharger or o mufiler.

{015 The exemplary embodiment of the heat shield assembly 28 includes three
distinet and separately formed layers which alf survound or encapsutate a portion of the length
of the exhaust pipe 22. A first of the three layers is an inner-most layer 24 which is in direct,
surface-to-surface contact with the exhaust pipe 22 for directly transferving heat through
conduction between the exhaust pips 22 snd the Inner-most layer 24,

BGZa] The inner-most layer 24 is made of a first material which has a frst beat
capacity {also known as specific heat) and a first thermal conductivity, The first heat capacity
and the first thermal conductivity of the non-ceramic material are both relatively high, Due to
the high heat capacity and thermal conductivity, heal is vary efficienily conducied between
the exhaust component and the inner-most layer 24, As such, when the internal combustion
engine is cold started with all components ot an amblend temperature, the exhaust pipe 22
warms relatively slowly because some of the hest from exhaust gasses travelling through the
exhaust pipe 22 is transferred Into the inner-most layer 24, This protects the exhaust pipe 23

from damage thal could ocour from heating up 100 rapldly,
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1827) Additionally, the high heat capacity and thermal conductivity of the inner-
most faver 24 sliows the inner-most layer 24 o return heat back (o the exhoust pipe 22 afier
the engine has stopped operating to reduce the rate at which the exhaust component cools. In
addition o protecting the exhaust pipe 22 from damage from cooling too quickly, this also
has the effect of keeping the exhaust pipe 22 closer to an optimal operating temperature for if
the internal combustion engine begins operation again in a shon period. For example, if a
driver of the vehicle turns the engine off while he or she goes into a store, the exhaust pipe 22
will be closer to its optimal operating lompersture when he or she restanis the engine. This
may have the effect of reducing polivtants that are emitied by the exhaust system and also
improving the performance of the sngine during the time that exhaust pipe 22 would
otherwise be warming up io its optimal operating temperature,

[BU2E] The inncee-mast layer 34 may be made of & material thal is solid at normal
ambisnt temperatures and which is liguid ot normal opersting lemperatures of the exhaust
mipe 22 for storing energy in the form of latent heal. Allernately, the inmer-most layer 24
could be of a material that is solid throughout the operating temperature range of the exhaust
pipe 22, Preforred materials for the inner-most layer 24 include salt pavaifing salt hydrates
{such as pyrophosphate hydrates or eutectic salt hydrate mistures, salis or euloctic sak
mixturesy: molen sals; metailic alloys; bimary or ternary metallic compositions of
Alurinum, Siticon, Copper, Magnesium or MNickel, and graphite compositions,

DAY The hest shield assembly 28 also imcludes an insulating layer 26 which
surrounds or encapsulates the inner-most fayer 24, The insulsting layer 26 is made of 2
material that has a second heat capacity which is lower than the first heat capacity of the
inner-most laver 24 and with & second thermal conductivity which s lower than the first
thermal conductivity of the inner-most layer 24, For example, the insulating layer 26 is may

be muade of high temperature insulation fiber-mats, wools, nesdie-mats, knit blankets or other
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composites of compositions of materials such as silica fiber, E-glass fiber, Alkaline Earth
Silicate fibers, basalt fibers or other applicable high tempersture resistant, low thermal
conductivity insulation materials.

HEEL In operation, the insulating layer 26 restrivts the escape of heat from the inner-
most fayer 24, thereby maximizing the transfer of heat between the exhaust pipe 22 and the
mner-most laver 34 and also protecting other vehick components from the heat emanating
from the exhaust pipe 22

{0031} The heat shicld assembly 28 additionally includes an ouier shell 28 which is
made of & different material than the innerymost and insulating layers 24, 26 surrounds or
encapsulates the insulating ayer 26, The outer shell 28 may be made of any suitable material
(such as metal or plastic) for protesting the exhaust pipe 22 and the inner-most and insulating
tayors 24, 26 from damage due 1o stones, witer, dust, debris and aiher contaminanis under a
body of the vehicle,

B3 As shown in Figure 3, each of the inner-most layer 24, the insulating laver 26
and the owter shell 28 is made as two, generally halfcylindrically shaped places with
diametrically spaced apart and longitudinally extending edges 38 and with interior surfaces
that are curved, The interfor surfaces of the picoes of the inner-most layer 24 are curved 1o
match the cusvature of the curvature of an outer surface of the wbular exhaust pipe 22,
Referring now to Figure 4, during assembly of the heat shield assembly 20, the two pieces of
the inner-most layer 34 are brought inlo o nesting relationship with opposiie sides of the
exhaust pipe 22, and the longhtudinally exiending cdges 30 are brought into contact with one
another such that the Inner-most layer 24 surrounds or encapsulaies o portion of the exhaust
pipe 22, This establishes a very large area of surface-to-surfice comact batween the gxhaust
sipe 22 and the inner-most layer 24 to promoie the conduction of heat between the exhaust

pipe 12 and the inner-most fayer 24, The insulating layer 26 is joined wilh the inner-most
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fayer 24 through a similar process to the above-described connection between the inner-most
faver 24 and the exhaust pipe 22,

{8833 Mext, the two pieses of the outer shell 28 are locked together 1o trap the inner-
most and insulating lavers 24, 26, The exemplary picces of the outer shell 28 have flanges
32m, 328 that extend both radially cwwardly and longitudinglly along the length of the ouler
shell 28, In the exemplary embodiment, the flanges 32a. 32b are deformed into a lovking
engagement with one snother and then welded together to trap the inner-most and insulating
tayers 24, 26 around the exhaust pips 22, Specifically, with reference w Figure 3, the
exemplary Panges 328, 328 are welded together through seam welding by engaging opposite
sides of the flanges 32a, 32b with a pair of electrically charped roller electrodes 34 and
passing the length of the fanges 32a, 321 between the roller electrodes 34, The passage of
current from one electrode 34, through the flanges 32 and o the other electrode 34 has the
effoct of heating portions of the flanges 323, 32b to their melting point, thareby establishing a
weld joint 36 (shown in Figure 4) between the flanges 32a, 32b upon cooling. Seam welding
has been found 1o be a particularly cost sffective means o establish a relisble connection
araund the inner-most and insulating lavers 24, 26

834} As shown in Figure 8, at each of the longitudinal ends of the heat shicld
assembly 28, the outer shell 28 extends longitudinal past the neighboring ends of the faner
maost and insulating layers 24, 26 and tapers radially wardly to direetly contact the exhaust
pipz 22, The esemplary outer shell 28 s also mechanically deformed o establish 2 gas and
fluid tight seal between the outer shell 28 and the exhaust pipe 22. Additionally, an adhesive
or coating could be applied 1o establish the gas and fluid tight scals betwesn the inngitudinal
ends of the outer shelt 28 and the exhaust pips 32,

{38351 Figure 7 shows the exemplary embodiment of the heat shield assemily 28 as

instatied over a plurality of componemis in an exemplary exhaust system for a vehicle. In this
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smbodiment, the heat shield assermbly 28 surrcunds a turbo charger, g catalytic converter and
a portion of an exhaust pipe.

{8361 Cbviously, many modifications and variations of the present invention are
nossible in lght of the sbove teachings. It is, therefore, to be endersioed that within the

scope of the appended claims, the invention may be practiced otherwise than as specifically

described,
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CLAIMSE
What is clabmed i
I, A heat shisld assembly for an exhaust system of an internal combustion engine

of a vehicle, comprising:

an innermost laver that is directly engagable with an exhaust component and s of 8
aon-coramic material with a first beat capacity and a first thermal conductivity for receiving
and retaining heat from the exhaust component during operation of the inlernal combustion
engine and for ansferring heat back to the exhaust component after operation of the internal
combustion engine has stopped; and

an insulsting layer surrounding said inner-most layer and being of g material that has
a second heat capacity that is lower than sald first heat capacity and 2 second thermal
conductivity that is lower than sald first thermal conductivity for insulating the cxhaust

component and said Inner-most layer from ancther vehicle component,

2. The heat shizld assembly as set forth in claim | wherein sald inner-most laver

is of two picees.

3 The heat shicld sssembly as set forth in claim | wherein said insulating layer

is made of two pieces.

4. The heat shield assembly as set forth in claim | further including an outer shell
that surrounds said Inner-most and Insulating layers for profecting said luner-most and

insulating layers.

3. The heat shicld assembly as set forth in claim 4 whereln sald outer shell is

made of fwo pieces.
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6. The heat shisld assembly as set forth in claim § wherein said two pieces of

said outer shell are joined together ot a weld seam.

7. The heat shield assembly as set forth in claim 6 wherein said weld scam joins
sald two pleces of said outer shell together a1 radially extending flanges on said pieves of said

outer shell,

3. The heat shicld sssembly as set forth in claim 4 wherein said outer shell
exiends longhudinally past said inner-most and insulating layers in both longitudingl

directions.

9. The heat shield assembly as set forth in claim 8 wherein adjacent each
longitudinal end, said owter shell tapers radially inwardly for direnily contacting the exhaust

component.

1. An exhaust assembly for a vehicle, comprising:

an exhaust component,

a heat shicld sssembly including an inner-most layer, an insulating laver;

said inncr-most laver directly engaging sald exhaust component and being of 4 non-
ceramic material with a first heat capacity and a first thermal conductivity for recelving and
relaining heat froms said exhaust component durlng operation of the internal combustion
engine and for transferring heat back o said exhaust component afler operation of the internal

combustion engine bas siopped; and
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an insulating laver surrounding said inner-most layer and being of & material that has
a second heat capacity that is lower than said first heat capaciy and a second thermal

conductivity that is lower than said firgt thermal conductivity for nsulating said exhaust

component and said inner-most layer from another vehicle component.

Pi,  The exhaust assembly as set foeth in claim 18 whersin said exhaust component

is an exhaust pipe.

12, The exhaust assembly as set forth in claim 1 further including an outer sheli
that surrounds said inner-most and insulating layvers for protecting said inner-most and

insulating lavers.

13,  The exhaust assembly as sot fonth in claim 4 whereln said outer shell is made

of two pieces.

14,  The exhaust assembly as sot forth in claim 5 whereln said two picces of said

outer shell are joined jogether at g weld seam.

18, The exhaust assembly as set forth in clabm 4 whersin said outer shell extends

longitudinally past sald inner-most and inswlating layers in both longiiudinal directions.



PCT/US2016/067406

WO 2017/116777

1/4

[

. 1

e
F

G 2




WO 2017/116777

2/4

PCT/US2016/067406

FlG 3

/4
[



WO 2017/116777 PCT/US2016/067406
3/4




PCT/US2016/067406

WO 2017/116777

4/4

L 4




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2016/067406

A. CLASSIFICATION OF SUBJECT MATTER

INV. B6OR13/08
ADD.

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

B. FIELDS SEARCHED

Minimum documentation searched {classification system followed by classification symbols)

B6OR

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

EPO-Internal, WPI Data

Electronic data base consulted during the intemational 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.

A WO 2006/024010 A2 (ASPEN AEROGELS INC
[US]; HOGAN EDWARD [US]; KRAJEWSKI MARK
[US]; MUTHU) 2 March 2006 (2006-03-02)

1-15

12A-12C

page 18, line 5 - page 19, line 4; figures

D 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" documentwhich 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 sannot 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

6 March 2017

Date of mailing of the international search report

13/03/2017

Name and mailing address of the ISA/

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

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

Fax: (+31-70) 340-3016

Authorized officer

Calamar, George

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




INTERNATIONAL SEARCH REPORT

Information on patent famlly members

International application No

PCT/US2016/067406
Patent document Publication Patent family Publication
cited in search report date member(s) date
WO 2006024010 A2 02-03-2006 US 2007238008 Al 11-10-2007
WO 2006024010 A2 02-03-2006

Form PCT/ISA210 (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 - wo-search-report
	Page 19 - wo-search-report

