
METHOD FOR ADDITION OF ADDITIVES INTO A POLYMER MELT
1. FIELD OF THE INVENTION The invention pertains to
the addition of additives into a polymer melt stream,
and more particularly to the addition of additives
into a polymer melt stream, such as a polyester
polymer, by way of a slipstream. 2. BACKGROUND OF THE
INVENTION Polymers, and in particular, polyester
polymers are frequently made containing one or more
additives depending upon the desired end use of the
polymer. For example, in the case of polyester
polymer, it is common to incorporate one or more
ultra-violet inhibitors, particles for improving the
reheat of bottle preforms made from the polyester
polymer, toners or pigments or colored particles,
acetaldehyde scavengers or inhibitors, catalyst
deactivators or stabilizers, oxygen barrier material,
friction reducing aids, crystallization aids, impact
modifiers, and so forth. In some cases, these
additives are insoluble in the polymer and require
good mixing. Additionally, some additives may be
sensitive to exposure to high temperatures for
extended periods of time as typically seen in a
polycondensation process. In other cases, some
additives may inhibit the activity of catalysts. Thus,
there is a desire to provide a method for adding the
additives to a polymer melt stream in a manner which
at least minimizes exposure time to high temperatures,
or does not inhibit activity of catalysts, or provides
for good mixing, or a combination of the
foregoing.Methods for adding additive dispersions or
solutions in low molecular weight carriers such as
ethylene glycol, or in higher molecular weight
reactive carriers such as polyoxyalkylene polyols,
into a melt phase reaction after esterification and
into polycondensation are also known. These processes,
however, result in adding extra glycol into an
oligomer mixture or into the polymer melt, which is
undesirable in some cases especially as one proceeds
further toward concluding the polycondensation
reaction. Adding the additive neat without a carrier
is usually too difficult to meter or add in desired
amount. 3. BRIEF SUMMARY OF THE INVENTIQN There is now
provided a method for adding an additive into a
polymer melt, preferably a polyester polymer melt,
comprising: a. discharging a polymer melt from a
reactor to form a discharged polymer melt stream, and
b. solidifying said discharged polymer melt stream,
and c . prior to solidification, feeding a portion of
the discharged polymer melt stream to a slipstream to
form a slipstream polymer melt, and d. feeding an
additive into said slipstream polymer melt to form an
additive containing slipstream, and e. feeding the
additive containing slipstream to a location upstream
from the feed location forming said slipstream. The
additive is liquid or solid, and can be added neat or
with minimal amounts of carrier fluids, and can be
pumped into the slipstream polymer or fed through an
extruder into the slipstream polymer.4. BRIEF
DESCRIPTION OF THE DRAWINGS Figure 1 is a process flow
diagram illustrating a slipstream method for adding
additives into a polymer melt stream. Figure 2 is an
alternative embodiment for illustrating a slipstream
method for adding additives and polymers or second
additives into a polymer melt stream 5. DETAILED
DESCRIPTION OF THE INVENTION It must also be noted
that, as used in the specification and the appended
claims, the singular forms "a," "an" and "the" include
plural referents unless the context clearly dictates
otherwise. For example, reference to processing or
making a "polymer," a "preform," "article,"
"container," or "bottle" is intended to include the
processing or making of a plurality of polymers,
preforms, articles, containers or bottles. References
to a composition containing "an" ingredient or "a"
polymer is intended to include other ingredients or
other polymers, respectively, in addition to the one
named. By "comprising" or "containing" or "having" is
meant that at least the named compound, element,
particle, or method step etc. must be present in the
composition or article or method, but does not exclude
the presence of other compounds, catalysts, materials,
particles, method steps, etc., even if the other such
compounds, material, particles, method steps etc. have
the 



same function as what is named, unless expressly
excluded in the claims. It is also to be understood
that the mention of one or more method steps does not
preclude the presence of additional method steps
before or after the combined recited steps or
intervening method steps betweenthose steps expressly
identified. Moreover, the lettering of process steps
is a convenient means for identifying discrete
activities or steps, and unless otherwise specified,
recited process steps can be arranged in any sequence.
Expressing a range includes all integers and fractions
thereof within the range. Expressing a temperature or
a temperature range in a process, or of a reaction
mixture, or of a melt or applied to a melt, or of a
polymer or applied to a polymer means in all cases
that the limitation is satisfied if either the applied
temperature, the actual temperature of the melt or
polymer, or both are at the specified temperature or
within the specified range. The word "composition"
means that each listed ingredient is present in the
composition, and does not imply that any ingredient in
the composition is unbound or unreacted. The
composition may be solid or liquid. The stated
ingredients in the composition may be bound, unbound,
reacted, unreacted, and unless otherwise specified, in
any oxidation state. By a "finished" polymer
composition or polymer melt stream is meant the
polymer composition obtained from melt phase
polycondensation of a polymer melt without any further
changes to the composition. Alterations and
compositional modifications may be made to the
finished polymer composition after solidification from
the melt phase polycondensation process. The It.V.
values described throughout this description are set
forth in dL/g units as calculated from the inherent
viscosity measured at 25C in 60% phenol and 40% 1,1
,2,2-tetrachloroethane by weight. Polymer samples are
dissolved in the solvent at a concentration of 0.25
g/50 imL The viscosity of the polymer solutions is
determined using a Viscotek Modified Differential
Viscometer. A description of the operating principle
of the differential viscometers can be found in ASTM D
5225. The inherentviscosity is calculated from the
measured solution viscosity. The following equations
describe such solution viscosity measurements and
subsequent calculations to Ih.V. and from Ih.V. to
It.V: hinh = [In (ts/to)]/C where hinh = Inherent
viscosity at 250C at a polymer concentration of 0.5 g/
100 mL of 60% phenol and 40% 1,1,2,2-tetrachloroethane
by weight In = Natural logarithm ts = Sample flow time
through a capillary tube t0 = Solvent-blank flow time
through a capillary tube C = Concentration of polymer
in grams per 100 mL of solvent (0.50%) The intrinsic
viscosity is the limiting value at infinite dilution
of the specific viscosity of a polymer. It is defined
by the following equation: hint = lim (hsp/C) = Hm (In
hr)/C C 0 C O where hint = Intrinsic viscosity hr =
Relative viscosity = ts/t0 hsp = Specific viscosity =
hr - 1 Instrument calibration involves triplicate
testing of a standard reference material and then
applying appropriate mathematical equations to produce
the "accepted" Ih.V. values. The three values used for
calibration shall bewithin a range of 0.010; if not,
correct problems and repeat testing of standard until
three consecutive results within this range are
obtained. Calibration Factor = Accepted Ih.V. of
Reference Material / Average of Triplicate
Determinations The uncorrected inherent viscosity
(hinh ) of each sample is calculated from the Viscotek
Model Y501 Relative Viscometer using the following
equation: where P2 = The pressure in capillary P2 Pi =
The pressure in capillary Pi In = Natural logarithm K=
Viscosity constant obtained from baseline reading C =
Concentration of polymer in grams per 100 ml_ of
solvent The corrected Ih.V., based on calibration with
standard reference materials, is calculated as
follows: 



Corrected Ih.V. = Calculated Ih.V. x Calibration
Factor The intrinsic viscosity (ItV. or hint) may be
estimated using the Billmeyer equation as follows: hmt
= 0.5 [e a5 Corrected lhL - 1] + (0.75 x Corrected
Ih.V.) The reference for estimating intrinsic
viscosity (Billmeyer relationship) is J. Polymer ScL,
4 , pp. 83-86 (1949). By "atoms" as used in
conjunction with a transition metal is meant the
transition metal atom occupying any oxidation state,
any morphologicalstate, any structural state, and any
chemical state, whether as added to or as present in
the polymer or composition of matter. The polymer melt
stream is any polymer which is in a liquid state and
which is suitable for receiving an additive. Examples
of such polymer melt streams are thermoplastic
polymers, and more preferably polyester polymers, and
more particularly, polyester polymers containing
repeating units of terephthalate or naphthalate. The
"polyester polymer" is any thermoplastic polyester
polymer. Polyester thermoplastic polymers of the
invention are distinguishable from liquid crystal
polymers and thermosetting polymers in that
thermoplastic polymers have no appreciable ordered
structure while in the liquid (melt) phase, they can
be remelted and reshaped into a molded article, and
liquid crystal polymers and thermosetting polymers are
unsuitable for the intended applications such as
packaging or stretching in a mold to make a container.
The polyester polymer contains repeating alkylene
arylate units, such as alkylene terephthalate or
alkylene naphthalate repeat units in the polymer
chain. More specific examples of these repeating units
include ethylene terephthalate, ethylene naphthalate,
and trimethylene terephthalate. More preferred are
polyester polymers which comprise: (i) a carboxylic
acid component comprising at least 80 mole% of the
residues of terephthalic acid, derivates of
terephthalic acid, naphthalene-2,6-dicarboxylic acid,
derivatives of naphthalene-2,6- dicarboxylic acid, or
mixtures thereof, and (ii) a hydroxyl component
comprising at least 40 mole%, or at least 60 mole%, or
at least 80 mole% of the residues of ethylene glycol
or propane diol or cyclohexane dimethano), preferably
ethylene glycol, based on 100 mole percent of
carboxylic acid component residues and 100 mole
percent of hydroxyl component residues in the
polyester polymer.Typically, polyesters such as
polyethylene terephthalate are made by reacting a diol
such as ethylene glycol with a dicarboxylic acid as
the free acid or its C C4 dialkyl ester to produce an
ester monomer and/or oligomers, which are then
polycondensed to produce the polyester. More than one
compound containing carboxylic acid group(s) or
derivative(s) thereof can be reacted during the
process. All the compounds that enter the process
containing carboxylic acid group(s) or derivative(s)
thereof that become part of said polyester product
comprise the "carboxylic acid component." The mole %
of all the compounds containing carboxylic acid
group(s) or derivative(s) thereof that are in the
product add up to 100. The "residues" of compound(s)
containing carboxylic acid group(s) or derivative(s)
thereof that are in the said polyester product refers
to the portion of said compound(s) which remains in
the said polyester product after said compound(s) is
condensed with a compound(s) containing hydroxyl
group(s) and further polycondensed to form polyester
polymer chains of varying length. More than one
compound containing hydroxyl group(s) or derivatives
thereof can become part of the polyester polymer
product(s). All the compounds that enter the process
containing hydroxyl group(s) or derivatives thereof
that become part of said polyester product(s) comprise
the hydroxyl component. The mole % of all the
compounds containing hydroxyl group(s) or derivatives
thereof that become part of said polyester product(s)
add up to 100. The "residues" of hydroxyl functional
compound(s) or derivatives thereof that become part of
said polyester product refers to the portion of said
compound(s) which remains in said polyester product
after said compound(s) is condensed with a compound(s)
containing carboxylic acid group(s) or derivative(s)
thereof and further polycondensed to form polyester
polymer chains of varying length.The mole% of the
hydroxyl residues and carboxylic acid residues in the
product(s) can be determined by proton NMR. In another
preferred embodiment, the polyester polymer comprises:
(a) a carboxylic acid component comprising at least 90
mole%, or at 



least 92 mole%, or at least 96 mole% of the residues
of terephthalic acid, derivates of terephthalic acid,
naphthalene-2,6-dicarboxylic acid, derivatives of
naphthalene-2,6-dicarboxylic acid, or mixtures
thereof, and (b) a hydroxyl component comprising at
least 90 mo!e%, or at least 92 mole%, or at least 96
mole % of the residues of ethylene glycol or propane
diol, more preferably ethylene glycol, based on 100
mole percent of the carboxylic acid component residues
and 100 mole percent of the hydroxyl component
residues in the polyester polymer. The reaction of the
carboxylic acid component with the hydroxyl component
during the preparation of the polyester polymer is not
restricted to the stated mole percentages since one
may utilize a large excess of the hydroxyl component
if desired, e.g. on the order of up to 200 mole%
relative to the 100 mole% of carboxylic acid component
used. The polyester polymer made by the reaction will,
however, contain the stated amounts of aromatic
dicarboxylic acid residues and ethylene glycol
residues. Derivates of terephthalic acid and
naphthalane dicarboxylic acid include C-i - C4
dialkylterephthalates and C1 - C4 dialkylnaphthalates,
such as dimethylterephthalate and dimethylnaphthalate.
Modifiers can be present in amount of up to 40 mole%,
or up to 20 mole%, or up to 10 mole%, or up to 8
mole%, or up to 4 mole %, based on the total moles of
their respective component in the polymer. Mono, tri
and higher functional modifiers are preferably present
in amounts of only up to about 8 mole%, or up to 4
mole%.In addition to a diacid component of
terephthalic acid, derivates of terephthalic acid,
naphthalene-2,6-dicarboxylic acid, derivatives of
naphthalene-2,6-dicarboxylic acid, or mixtures
thereof, the carboxylic acid component(s) of the
present polyester may include one or more additional
modifier carboxylic acid compounds. Such additional
modifier carboxylic acid compounds include
mono-carboxylic acid compounds, dicarboxylic acid
compounds, and compounds with a higher number of
carboxylic acid groups. Examples include aromatic
dicarboxylic acids preferably having 8 to 14 carbon
atoms, aliphatic dicarboxylic acids preferably having
4 to 12 carbon atoms, or cycloaliphatic dicarboxylic
acids preferably having 8 to 12 carbon atoms. More
specific examples of modifier dicarboxylic acids
useful as an acid component(s) are phthalic acid,
isophthalic acid, naphthalene- 2,6-dicarboxylic acid,
cyclohexane-1 ,4-dicarboxylic acid,
cyclohexanediacetic acid, diphenyl-4,4'-dicarboxylic
acid, succinic acid, glutaric acid, adipic acid,
azelaic acid, sebacic acid, and the like, with
isophthalic acid, naphthalene-2,6-dicarboxylic acid,
and cyclohexane-1 ,4- dicarboxylic acid being most
preferable. It should be understood that use of the
corresponding acid anhydrides, esters, and acid
chlorides of these acids is included in the term
"carboxylic acid". It is also possible for tricarboxyl
compound branching agents and compounds with a higher
number of carboxylic acid groups to modify the
polyester, along with monocarboxylic acid chain
terminators. In addition to a hydroxyl component
comprising ethylene glycol, the hydroxyl component of
the present polyester may include additional modifier
mono-ols, diols, or compounds with a higher number of
hydroxyl groups. Examples of modifier hydroxyl
compounds include cycloaliphatic diols preferably
having 6 to 20 carbon atoms and/or aliphatic diols
preferably having 3 to 20 carbon atoms. More specific
examples of such diols include diethylene glycol;
Methylene glycol; 1,4-cyclohexanedimethanol; propane-1
,3-diol; butane-1 ,4-diol; pentane-1 ,5-diol; hexane-1
,6-diol; 3-methylpentanediol- (2,4);
2-methylpentanediol-(1 ,4);
2,2,4-trimethylpentane-diol-(1 ,3); 2,5-
ethylhexanediol-(1 ,3); 2,2-diethyl propane-diol-(1 ,
3); hexanediol-(1 ,3); 1,4-di-(hydroxyethoxy)-benzene;
2,2- bis-(4-hydroxycyclohexyl)-propane; 2,4-
dihydroxy-1 , 1 ,3,3-tetramethylcyclobutane;
2,2-bis-(3-hydroxyethoxyphenyl)-propane; and
2,2-bis-(4- hydroxypropoxyphenyl)-propane. As
modifiers, the polyester polymer may preferably
contain such comonomers as isophthalic acid,
naphthalane dicarboxylic acid,
1,4-cyclohexanedimethanol, and diethylene glycol. The
polyester composition may include blends of
polyalkylene terephthalates and/or polyalkylene
naphthalates along with other thermoplastic polymers
such as polycarbonate (PC) and polyamides. It is
preferred that the polyester composition should
comprise a majority of the polyester polymers, more
preferably in an amount of at least 80 wt.%, or at 



least 95 wt.%, and most preferably 100 wt.%, based on
the weight of all thermoplastic polymers (excluding
fillers, inorganic compounds or particles, fibers,
impact modifiers, or other polymers which may form a
discontinuous phase). It is also preferred that the
polyester polymers do not contain any fillers, fibers,
or impact modifiers or other polymers which form a
discontinuous phase. In one embodiment, the
composition contains post consumer recycle polyester
polymer ("PCR") present in the composition which is
added into the slipstream and which may be the molten
polymer in a concentrate carrying the additives for
incorporation into the slipstream. In this way, a
convenient means is provided for both adding and
blending or transesterifying PCR into virgin polyester
polymer as well as adding the desired additives into
the virgin polymer in one step. In one embodiment, the
finished polymer composition contains at least 5 wt.%
PCR, or at least 10 wt.% PCR, or at least 15 wt.% PCR.
In another embodiment, scrap,waste, or reground virgin
polyester polymer can be added into the slipstream
such that the finished polymer composition also
contains at least 0.5 wt.%, or at least 1 wt.%, or at
least 5 wt.% of scrap, regrind, or waste polymer or
even off-specification polymer. The polyester polymer
melt can be prepared by any esterification and
polymerization procedures known in the art sufficient
to effect esterification and polycondensation to
produce a polyester polymer of the desired ItV.
Polyester melt phase manufacturing processes include
direct condensation of a dicarboxylic acid with the
diol, optionally in the presence of esterification
catalysts, in the esterification zone, followed by
polycondensation in the prepolymer, prefinishing,
and/or finishing zones in the presence of a
polycondensation catalyst. Typical polycondensation
catalysts include any of those known in the art, such
as those based on the atoms of antimony, germanium,
titanium, alkaline earth metal or alkali metals,
aluminum, magnesium, manganese, zinc, cobalt, tin, and
other known metal atoms. In the invention, a polymer
melt is discharged from a reactor to form a discharged
polymer melt stream. The polymer melt is made in a
melt phase process for the manufacture of the
polyester polymer. The melt phase process includes all
equipment and processes used to make and isolate a
solid polymer obtained from reactants used to make the
polymer. The reactor may be any reactor used in the
melt phase process for making the polyester polymer
provided that a polyester polymer melt is present. The
reactors are desirably polycondensation reactors, and
they fall under a variety of on or more names,
including a prepolymerization reactor, a prefinishing
reactor, a first stage reactor, a second stage
reactor, or a finishing reactor or their equivalents.
Polycondensation is typically continued in one or more
finishing vessels and generally, but not necessarily,
ramped up to higher temperatures than present in
theprepolymerization zone, to a value within a range
of from 2500C to 3100C, more generally from 270 to 300
C, until the It.V. of the melt is increased to a final
desired It.V. The final vessel, generally known in the
industry as the "high polymerizer," "finisher," or
"polycondenser," is also usually operated at a
pressure lower than used in the prepolymerization zone
to further drive off the diol and/or other byproducts
and increase the molecular weight of the polymer melt.
The pressure in the finishing zone may be within the
range of about 0.2 to 20 mm Hg, or 0.2 to 10 mm Hg, or
0.2 to 2 mm Hg. Although the finishing zone typically
involves the same basic chemistry as the prepolymer
zone, the fact that the size of the molecules, and
thus the viscosity differs, means that the reaction
conditions also differ. However, like the prepolymer
reactor, each of the finishing vessel(s) is operated
under vacuum or inert gas, and each is typically but
not necessarily mechanically agitated to facilitate
the removal of the diol and/or other byproducts. While
reference has been made to a variety of operating
conditions at certain discrete It.V. values, differing
process conditions may be implemented inside or
outside of the stated It.V. values, or the stated
operating conditions may be applied at It.V. points in
the melt other than as stated. Moreover, one may
adjust the process conditions based on reaction time
instead of measuring or predicting the It.V. of the
melt. The process is also not limited to the use of
tank reactors in series or parallel or to the use of
different vessels for each zone. For example, the
reactors may be one or more pipe reactors. Nor is it
necessary to split the polycondensation reaction into
a prepolymer zone and a finishing zone because the 



polycondensation reaction can take place on a
continuum of slight variations in operating conditions
over time in one polycondensation reactor or in a
multitude of reactors in series, either in a batch,
semi-batch, or a continuous process.The polyester melt
should have an It.V. of at least 0.2 dL/g, or at least
0.3 dL/g, or at least 0.4 dL/g, or at least 0.5 dL/g,
or at least 0.60 dL/g, or at least 0.68 dL/g, and
desirably at least 0.70 dL/g, or at least 0.72 dL/g,
or at least 0.74 dL/g, or at least 0.76 dL/g, or at
least 0.80 dL/g, in the discharged polymer melt
stream. Preferably, the polymer melt is discharged
from the final reactor used in the melt phase process,
typically known as the finisher or final
polycondensation reactor. More preferably, the polymer
melt is discharged from the bottom or last stage of
the final reactor in the melt phase process. As shown
in Figure 1, a polymer melt 101 , such as a polyester
polymer melt, is fed into a final finishing (or final
polycondensation) reactor vessel 102 where
polycondensation is continued, and is discharged from
the vessel 102 as a discharged polymer melt stream 103
through a gear pump 104 or other suitable motive
force. In one embodiment, the polyester polymer in the
discharged polyester polymer melt stream has an It.V.
of at least 0.60 dL/g, or at least 0.68 dL/g, or at
least 0.72 dL/g, or at least 0.74 dL/g, or at least
0.76 dL/g. At the time the polymer melt is discharged
from the final reactor 102, it may or may not contain
the additive supplied by the slipstream. As shown in
Figure 1, the discharged polymer melt stream 103 will
contain the additive supplied by the slipstream
through line 112 which feeds the final reactor 102. In
step b), the discharged polymer melt stream is
ultimately solidified by any technique. At the time
the discharged polymer melt stream is solidified, it
will contain the additive provided through the
slipstream as described further below. The method for
solidifying the polyester polymer from the melt phase
process is not limited. Any conventional hot
peptization or dicing method and apparatus can be
used, including but not limited to dicing, strand
pelletizing and strand (forced conveyance)
pelletizing, pastillators, water ring pelletizers, hot
face pelletizers, underwater pelletizers (cutters) and
centrifuged pelletizers. For example,molten polyester
polymer from the melt phase may be directed through a
die, or merely cut, or both directed through a die
followed by cutting the molten polymer. A gear pump
may be used as the motive force to drive the molten
polyester polymer through the die. Instead of using a
gear pump, the molten polyester polymer may be fed
into a single or twin screw extruder and extruded
through a die, optionally at a temperature of 190 C or
more at the extruder nozzle. Once through the die, the
polyester polymer can be drawn into strands, contacted
with a cool fluid, and chopped into pellets, or the
polymer can be pelletized at the die head, optionally
underwater. The polyester polymer melt is optionally
filtered through filters 104 to remove particulates
over a designated size before being cut. The melt
phase product is processed to a desired form, such as
amorphous particles. The shape of the polyester
polymer particles is not limited, and can include
regular or irregular shaped discrete particles without
limitation on their dimensions, including stars,
spheres, spheroids, globoids, cylindrically shaped
pellets, conventional pellets, pastilles, and any
other shape. In step c), a portion of the discharged
polymer melt stream 103 is fed or diverted to a
slipstream 105 to form a slipstream polymer melt prior
to solidification. The amount diverted can be
regulated by a valve or other suitable means known in
to regulate flows. A slipstream ram valve 106 is
depicted to allow removal of a portion of the
discharged polymer melt stream into the slipstream
105. If desired, one may employ an optional pump to
provide motive force driving the slipstream molten
polymer back to the reactor or any other reactor
upstream of the reactor from which the discharged
polymer was taken. In step d), an additive is fed into
said slipstream polymer melt to form an additive
containing polymer melt stream. For example, as
depicted in Figure 1, an additive in an additive
stream 107 is fed from a tote through apump (not
shown) or from any other source through pumps or other
devices for providing motive force for feeding the
additive into the slipstream through an additive
injection point such as a ram valve 108 into the
slipstream line 105. The amount of additive used may
be regulated by a regulator. An additive ram valve 108
is depicted as one means to deliver a flow of an
additive stream into the slipstream. The additive
stream added to the slipstream forms an additive
containing polymer melt stream 109. 



The additive injection nozzle (not depicted) supplying
the additive from line 107 and feeding line 105 should
be of a design to prevent plugging. For example, the
injection nozzle may have a nozzle portion which
protrudes to the center line of the slipstream pipe.
The opening in the tip of the nozzle is restricted to
a diameter sufficiently small to prevent the
slipstream molten polymer from entering the nozzle.
The small restriction creates a pressure drop across
the tip as the additive composition is injected into
the slipstream molten polymer. When the ram valve is
closed, a piston extension is inserted into the nozzle
and extends through the nozzle tip preventing polymer
from entering the nozzle. The additive feed rate into
the slipstream will depend on the desired
concentration of the additive in the finished polymer
melt stream 120 ready for solification. The additive
can be a liquid additive or a solid additive. An
example of a liquid additive is a phosphorus based
compound used to stabilize or deactivate
polycondensation catalysts present in the reactor 102.
An example of a solid additive may include metal
powders or dispersions used as reheat additives or
slip agents, or barrier or scavenging material which
optionally can be melted before feeding. Preferably,
any solid additive is first compounded into a similar
or same type of polymer as made in the reactor to form
a concentrate, and this concentrate is fed in molten
form to the slipstream.For example, a solid
concentrate comprising an additive and a polyester
polymer having an It.V. of at least 0.60 dL/g may be
melted and pumped (metered or extruded or fed through
a gear pump into the slipstream line 105 as a
predefined rate corresponding to a predetermined
concentration of additive in the discharged polymer
melt stream 103 or the finished polymer composition
120. The feed rate will be determined by the
concentration of the additives in the concentrate, the
desired concentration of the additive in the
discharged polymer melt stream 103 or the finished
polymer composition 120, and the flow rate of the
slipstream. The means by which the solid additive
composition can be made and fed can very. For example,
as mentioned above, pre-manufactured solid concentrate
pellets containing a concentrated amount of additive
may be fed to a single screw extruder, melted, and
metered into the slipstream line 105. Alternatively,
one may both compound and feed the additive into the
slipstream. This may be accomplished by compounding
the neat additive into solid polyester polymer pellets
in a single or twin screw extruder, and feeding the
resulting molten additive composition into the
slipstream. The composition of the slipstream in line
105 will contain additives supplied by through line
107 since the slipstream is withdrawn continuously and
the discharged polymer melt stream contains the
additive supplied through line 104. However, since
only a portion of the discharged polymer melt stream
is fed to a slipstream, and the discharged polymer
melt stream is discharged continuously, additive is
supplied through line 107 into the slipstream polymer
melt to form an additive containing slipstream. The
additive containing slipstream is enriched in the
concentration of additive supplied through line 107
relative to the concentration of additive in the
slipstream polymer melt before addition of the
additive. The concentration of additive in the
slipstream polymer melt is less than the concentration
of the additive in the additive containing slipstream.
In one embodiment, theconcentration of additive in the
additive containing slipstream is increased by at
least 5%, or at least 10%, or at least 20%, or at
least 25%, or at least 50%, or at least 75%, over the
concentration of the additive in the slipstream
polymer melt. The additive may be fed into the
slipstream polymer melt continuously or intermittently
as needed to elevate the concentration of the additive
in the finished polymer composition. Preferably, the
additive is fed continuously. The slipstream flow
rates may be regulated by a pump in line with the
slipstream 105 (not shown) or by the pressure created
in the discharged polymer melt stream line 103 by the
gear pump 104, or by a flow control valve, or by
sizing the piping lines to the desired pressure drop.
Depicted in Figure 1 is a pressure driven slipstream
line 105. The slipstream flow rate through line 105
and into 109 and 112 may be determined by the
concentration of additives used to feed the slipstream
and the desired concentration of additives in the
discharged polymer melt stream. In one embodiment, the
slip stream flow rate can vary from 2% to 



50%, or 5% to 25% of the discharged polymer melt
stream production rate depending on what type of
additives are being added and the desired
concentration of additive in the finished polymer
composition 120 or in the discharged melt stream 103.
In a pressure driven slipstream flow rate, the
flowrate of the slipstream 105 will self balance by
increasing the flow rate of the slipstream to
accommodate pressure drops in the loop. Alternatively,
a pump can be installed in the slipstream line 105 to
set a fixed or constant flow rate, optionally a
pre-determined flow rate. The control valve 106 need
not be supplied if a gear pump is used in the
slipstream take off line. The slipstream gear pump can
act as both a pressure let-down device while
controlling the flowrate.After the additive is added
into the slipstream, one may in some cases find it
desirable to optionally employ a mixing device to
obtain good mixing between the additive and the
slipstream polymer melt, especially between
dramatically different viscosity fluids or between
solids and liquids. An in-line mixer may be employed
in a pipe, or baffles or weirs may be employed, or as
depicted in Figure 1, a static mixer 110 may be
employed. The type of mixing device used in not
limited. In the event that the type of additive used
is corrosive, the metallurgy of the piping, mixers,
valves, and pumps may be a Hastelloy or titanium or
other suitable corrosion resistant material. In yet
another embodiment, there is provided a process in
which a slipstream molten polymer stream to which a
first additive has been added is fed to a twin screw
extruder, and a second additive composition is fed to
the same twin screw extruder, the compositions are
mixed and discharged from the twin screw extruder as a
slipstream molten polymer stream containing two or
more additives. Optionally, a gear pump may be
provided at the discharge of the extruder to provide
the necessary pressure for returning the slip stream
polymer composition to the reactor. Once the additives
have been added into the slipstream line 105 to form
an additive containing slipstream, the slipstream is
fed in a step e) to a location upstream from the feed
location forming the slipstream. This would include
feeding the additive containing slipstream to line 103
prior to the slipstream valve 106, to the entry of a
gear pump 104, to the reactor 102 from which the
molten polymer was discharged, or to a pipe or reactor
upstream of the reactor 102 anywhere in the melt phase
process, including to or in the prepolymerization zone
or between the prepolymerization zone and the final
polycondensation or finishing zone As depicted in
Figure 1, the additive containing slipstream is fed
back to the reactor 102 through aram valve 112.
Optionally, the additive containing slipstream may
have been well mixed through a mixer such as a static
mixer 110. Desirably, the additive containing
slipstream is fed to the bottom of the reactor 102. In
this way, the additive, and in particular a catalyst
deactivator and/or stabilizer, is added late in the
process after substantial completion of
polycondensation, which is when one or more of the
following conditions are satisfied or thereafter and
before solidification of the polyester melt: a) the
polyester melt reaches an ItV. of at least 0.50 dL/g,
or at least 0.60, or at least 0,68 dL/g, or at least
0.70 dL/g, or at least 0,72 dL/g, or at least 0,74
dL/g, or at least 0.76 dL/g, or at least 0.80 dL/g, or
b) vacuum applied to the polyester melt, if any, is
released or reduced, or c) if the polyester melt is
present in a melt phase polymerization process, adding
the additive within a final reactor for making the
polyester polymer or between the final reactor and the
take off point for forming a slipstream, or d)
following at least 85% of the time for polycondensing
the polyester melt; or e) the ItV. of the polyester
melt is within +/- 0.10 dL/g, or within 0.05 dL/g of
the highest It.V. obtained prior to solidification; or
f) at a point within 20 minutes or less prior to
solidifying the polyester. If desired, the additive
containing slipstream can be fed to the final
polycondensation reactor 102 and distributed in the
polymer melt within the reactor 102 through a
distributor plate or in any other fashion one desires.
The distributor plate (not depicted) may be mounted
within the reactor 102 and may have a circular design
with an inlet to receive the additive containing
slipstream. The additive containing slipstream is
split anddistributed across the plate through a
plurality of channels in the plate and 



exits at the bottom of the plate through the channel
outlets into the polymer melt contained in the final
polycondensation reactor 102. The distributor plate
may comprise a first plate having an inner surface and
an outer surface, the outer surface having an opening
for receiving the second material, the inner surface
having a plurality of channels disposed therein,
wherein at least one of the channels of the first
plate is in communication with the opening, and a
second plate connected to the first plate, the second
plate having an inner surface and an outer surface,
the inner surface of the second plate having a
plurality of channels disposed therein, wherein at
least one of the plurality of channels of the second
plate are aligned with said plurality of channels of
the first plate to form enclosed channels in
communication with the opening. Desirably, at least
one of the plurality of channels of said second plate
has outlet holes, wherein the outlets extend from at
least one of the channels of the second plate to the
outer surface of the second plate. Beyond the take off
point to the slipstream 105, the discharged polyester
polymer is fed to a solidification device (not
depicted) and optionally fed through filters 104. The
process is a continuous recirculation loop such that
in operation in a steady state, the slipstream polymer
melt 105 will already contain some amount of additive,
with additional amounts of additive injected into the
slipstream line to form an enriched additive
containing slipstream relative to the concentration of
additive in the slipstream prior to the additive
addition point. The composition of the slipstream in
line 105 will contain additives supplied by through
line 107 since the slipstream is withdrawn
continuously and the discharged polymer melt stream
contains the additive supplied through line 104.
However, since only a portion of the discharged
polymer melt stream is fed to a slipstream, and the
discharged polymer melt streamis discharged
continuously, additive is supplied through line 107
into the slipstream polymer melt to form an additive
containing slipstream. The additive containing
slipstream is enriched in the concentration of
additive supplied through line 107 relative to the
concentration of additive in the slipstream polymer
melt before addition of the additive. The
concentration of additive in the slipstream polymer
melt is less than the concentration of the additive in
the additive containing slipstream. In one embodiment,
the concentration of additive in the additive
containing slipstream is increased by at least 5%, or
at least 10%, or at least 20%, or at least 25%, or at
least 50%, or at least 75%, over the concentration of
the additive in the slipstream polymer melt. The
additive may be fed into the slipstream polymer melt
continuously or intermittently as needed to elevate
the concentration of the additive in the finished
polymer composition. Preferably, the additive is fed
continuously. In another embodiment, both a liquid or
solid additive composition can be fed into the
slipstream at a first addition point, and downstream
of the first addition point, a second additive
composition can be fed into the line in a similar
fashion before or after a mixing device. This
embodiment is depicted in Figure 2. A polyester melt
201 is fed to a reactor 202 within the melt phase
process, preferably to a final polycondensation
reactor, and is discharged from the bottom of the
reactor 202 to form a discharged polymer melt stream
203. The gear pump 204 or any other suitable positive
displacement device pumps the discharged polymer melt
stream through an optional in-line static mixer
element 205 to well mix the polymer melt, after which
it proceeds through line 216 as a finished polymer
composition through one or more optional filters 217
and sent through line 218 to a cutting device (not
depicted) or any other suitable solidification device
ordirectly to an injection molding machine or other
extrusion device to make articles, also known as a
melt to mold process or direct performing process. A
portion of the discharged polymer melt stream is
withdrawn and fed to a slipstream to form a slipstream
polymer melt in line 206 which has a concentration of
additive lower than the concentration of additive in
the additive containing slipstream. A liquid additive
is fed from a first additive supply tank 209 through
line 207 into a gear pump 208 or other positive
displacement device providing a motive force and is
fed to the slipstream polymer melt in line 206 to form
an additive containing slipstream in line 2 11 and/or
212. The additive containing slipstream may be fed
through an optional in-line static mixer 210 to mix
the additive with the polymer melt. 



The additive containing slipstream may be fed through
line 2 11 to an in-line extrusion device 213 (such as
a single or twin screw extruder). The extrusion device
213 is supplied with a second additive from second
additive supply tank 214. As illustrated, solid
polymer particles from tank 214 are fed to the
extrusion device 213 along with the additive
containing slipstream 2 11, melted and compounded to
form a first and second additive containing slipstream
through line 2 15 and fed into the reactor 202. The
concentration of the second additive in the first and
second additive containing slipstream is higher than
its concentration in the first additive containing
slipstream, desirably at least 10% higher, or at least
20% higher, or at least 40% higher, or at least 50%
higher, or at least 75% higher, or at least 90%
higher. The percentage increases in concentrations as
used throughout is determined by taking the
concentration of additive in the sample stream less
the concentration of additive in the reference stream,
the difference divided by the concentration in the
reference stream, the product multiplied by
100.instead of providing an in-line extrusion device,
the output of the extrusion device 213 may feed the
first additive containing slipstream through line 212.
The embodiment provides the flexibility to turn the
extrusion device on when a second additive is desired,
and off otherwise. In this embodiment, the first
additive containing supply stream does not have to be
fed through an extrusion device when a second additive
is not required. When the second additive is desired,
the second additive in the supply tank 214 is fed to
the extrusion device 213, melted, and then fed into
the first additive containing slipstream to create a
first and second additive containing slipstream in
line 215 fed into the reactor 202. By the method of
the invention, one may form amorphous polyester
polymer particles, optionally at high It.V. without
the need for solid state polymerization to further
increase their molecular weight, which contain
additives added late to minimize additive thermal
degradation, to deactivate or stabilize
polycondensation catalysts, and which are also well
mixed into the final polymer melt. The use of reactive
carrier can be dispensed with if desired, thereby
allowing for better control of polymer structure and
properties and in the case of lower molecular weight
carriers reducing the volatiles taken off under
reduced pressure conditions seen during
polycondensation if added early to the process.
Examples of additives that can be incorporated into
the discharged polymer melt stream, whether as a first
additive or a second additive, include crystallization
aids, impact modifiers, surface lubricants, denesting
agents, compounds, antioxidants, ultraviolet light
absorbing agents, catalyst metal deactivators,
colorants, nucleating agents, acetaldehyde reducing or
oxidizeable compounds, reheat rate enhancing aids,
sticky bottle additives that reduce the coefficient of
friction between blown bottles or sheets or other
articles such as talc additive, and fillers, oxygen
barrier materials, polyester polymers which are
different in molecular weight or modificationthan the
polyester polymer produced in the reactor 202 prior to
introducing the additive containing slipstream, and
the like. In particular, it is desirable to employ a
catalyst stabilizer and/or deactivator as a first
additive, and optionally employ a second additive.
Illustrative examples of the second additive include
any of those mentioned above. Particular mention may
be made of polyester polymers such as those described
above but having a molar amount of modifier compound
residues which are different than the molar amount of
the same modifier compound residues in the polyester
polymer found in the first additive containing
slipstream, or having a type of modifier compound
residue not found in the polyester polymer in the
first additive containing slipstream. Other examples
of the second additive include polyamide polymers and
polycarbonate polymers. In one embodiment, the
additive, whether as a first or second additive, is a
catalyst deactivator. By a catalyst deactivator is
meant a compound effective to at least partially
deactivate or inhibit the activity of the catalyst
system in the polymer melt. A compound is effective to
at least partially deactivate the catalyst system when
by its addition at a given level, and solely for
testing the effectiveness of a compound at a given
level, either or both a) the rate of polymerization in
the solid state under actual operating conditions is
reduced relative to the same polymer without the
deactivator ("no additive case") and/or b) when added
earlier, the rate of 



melt-phase polycondensation under actual operating
conditions to a constant It.V. target is reduced, that
is, it takes more time to reach the It.V. target, or
the It.V. of the polymer is reduced at constant time
relative to the no additive case. Preferably, the
catalyst deactivator also reduces the rate of
acetaldehyde (AA) generation upon melting particles
relative to the no additive case to lower the
contribution of AA generation on AA levels in a molded
article, such as a preform, relative to a no additive
case, and morepreferably upon melting particles having
an It.V. of at least 0.72 dL/g obtained from a melt
phase polymerization. Suitable catalyst deactivating
additives are preferably phosphorus containing
compounds. The phosphorus compounds contain one or
more phosphorus atoms. Preferred are phosphate
triesters, acidic phosphorus compounds or their ester
derivatives, and amine salts of acidic phosphorus
containing compounds. Acidic phosphorus compounds have
at least one oxyacid group, that is, at least one
phosphorus atom double-bonded to oxygen and
single-bonded to at least one hydroxyl or OH group.
The number of acidic groups increases as the number of
hydroxyl groups, bound to the phosphorus atom that is
double-bonded to oxygen, increases. Specific examples
of phosphorus compounds include phosphoric acid,
pyrophosphoric acid, phosphorous acid, polyphosphoric
acid, carboxyphosphonic acids, alkylphosphonic acids,
phosphonic acid derivatives, and each of their acidic
salts and acidic esters and derivatives, including
acidic phosphate esters such as phosphate mono- and
di- esters and non-acidic phosphate esters (e.g.
phosphate tri-esters) such as trimethyl phosphate,
triethyl phosphate, tributyl phosphate, tributoxyethyl
phosphate, tris(2- ethylhexyl) phosphate, oligomeric
phosphate tri-esters, trioctyl phosphate, triphenyl
phosphate, tritolyl phosphate, (tris)ethylene glycol
phosphate, triethyl phosphonoacetate, dimethyl methyl
phosphonate, tetraisopropyl methylenediphosphonate,
mono-, di-, and tri-esters of phosphoric acid with
ethylene glycol, diethylene glycol, or 2-ethylhexanol,
or mixtures of each. Other examples include
distearylpentaerythritol diphosphite, mono- and
di-hydrogen phosphate compounds, phosphite compounds,
certain inorganic phosphorus compounds that are
preferably soluble in the polymer melt,
poly(ethylene)hydrogen phosphate, and silyl
phosphates. Haze in solutions of particles or in
molded parts is one indication of the lack of
solubility or limited solubility of an additive in
thepolymer melt. Soluble additives are more likely to
deactivate/stabilize the catalyst system. Other
phosphorus compounds which may be added include the
amine salts of acidic phosphorus compounds. The amines
may be cyclic or acyclic, may be monomeric,
oligomeric, or polymeric, and should be selected so as
to minimize haze and/or maximize solubility when these
are issues. The organic constituents of the amine may
in principle be any organic group. Ammonia and related
compounds like ammonium hydroxide are suitable.
Suitable organic groups on the amine include linear
and branched alkyl, cycloalkyl, aryl, aralkyl,
alkaryl, heteroaryl, etc. Each of these types of
organic groups may be substituted or unsubstituted,
i.e. with hydroxy, carboxy, alkoxy, halo, and like
groups. The organic groups may also contain carbonate,
keto, ether, and thioether linkages, as well as amide,
ester, sulfoxide, sulfone, epoxy, and the like. This
list is illustrative and not limiting. Examples of
amines are cyclic amines having a 5 to 7 membered
ring, preferably a six membered ring. These rings may
constitute a single "monomeric" species, or may be
part of a larger oligomer or polymer. Examples of
cyclic amines are hindered amines which have organic
groups substituted at ring positions adjacent to the
ring nitrogen. The ring nitrogen itself may also be
substituted, i.e. by alkyl, aryl, aralkyl, alkaryl,
and other groups. The hindered amines may also
comprise a portion of an oligomeric moiety or
polymeric moiety. Other types of amines are amino
acids. Amino acids with decomposition points at or
above polymerization temperatures are especially
preferred. The L-enantiomer, the D-enantiomer or any
mixture thereof, including racemic mixtures, may be
used. The amine group andthe carboxylic acid group do
not have to be attached to the same carbon. The amino
acids may be alpha, beta or gamma. Substituted amino
acids may be used. Amino acids with some solubility in
water are especially preferred as this allows the
synthesis of the salt to be done in water, that is,
without VOCs (volatile organic compounds). 



Suitable amines contain at least one nitrogen capable
of salt formation with a phosphorus-containing acid.
In hindered amines containing N-alkylated piperidinyl
moieties, for example, salt formation may involve the
piperidinyl nitrogen, generating species such as (but
not limited to): When there is one nitrogen in the
amine compound that can form a salt, one mole of
phosphorus-containing acid is used per mole of amine
compound. When there are two or more nitrogen atoms in
the amine compound that can form salts, two or more
moles of acid can be used per mole of amine compound,
up to an amount of acid, which creates salts having no
remaining neutralizable nitrogen, or slightly in
excess of this amount. The carboxylic acid group of
the amino acid opens up the possibility that the amine
portion of the salt might be reacted into the
polyester chain. Reaction into the polyester chain
should result in less volatility and less
extractability. Reaction into the polyester chain can
also be accomplished if the amine portion of the salt
contains a hydroxyl and/or a carboxyl group. Ifthere
is only 1 carboxyl or hydroxyl group, the salt could
function as an endcapper. If there are a total of 2 or
more reactive groups (carboxyl or hydroxyl), the salt
may not always be at the end of the chain. Reaction
into the polyester chain is also possible for the
phosphorus-containing portion of the salt. For
example, phosphoric acid can react with hydroxyl
compounds to form phosphate esters. The chain end of
polyesters is often a hydroxyethyl end group.
Phosphoric acid can also react in the middle of a
polyester chain. The precursor to the phosphorus
moiety of the phosphorus salt may be any oxyacid of
phosphorus including but not limited to
hypophosphorous acid, phosphorous acid, phosphoric
acid, polyphosophoric acid, polyphosphorous acids,
pyrophosphoric acid, phosphinic acids, phosphonic
acids, phosphate monoesters, phosphate diesters,
phosphonate monoesters, pyrophosphate monoesters,
pyrophosphate diesters, pyrophosphate triesters, or
salts or compounds which still bear at least one
acidic hydrogen, etc. The hydrogen on any OH group
bound directly to the P=O group is acidic. Compounds
with more than one acidic hydrogen may have one or
more acidic hydrogens substituted with organic groups
such as alkyl, aryl, aralkyl, alkaryl, etc., by
polyether oligomers, polyester oligomers, etc. At
least one salt-forming acidic hydrogen must remain,
however. Oxyacids of phosphorus with one or more
hydrogen bound directly to the P=O group may have one
or more of these hydrogens substituted with organic
groups such as alkyl, aryl, aralkyl, alkaryl, etc.
Examples of these compounds include but are not
limited to alkylphosphonic acids, alkylphosphinic
acids and dialkylphosphinic acids. As with the amines,
the organic groups may be substituted. In one
embodiment, the salts are prepared by the reaction of
one or more acidic phosphorus-containing compounds
with one or more basicorganic compounds containing
nitrogen, wherein the phosphorus-containing compounds
are preferably selected from compounds having the
formulas: O P H (2) R1-O-P-H R1- O-P O Owherein R1 and
R2 are independently selected from hydrogen, Ci-C
22~alkyl, substituted CrC 22-alkyl, C3-C3-cycloalkyl,
substituted C3-C8-cycloalkyl, heteroaryl, and aryl; n
is 2 to 500; and X is selected from hydrogen and
hydroxy; and wherein the basic organic compounds
containing nitrogen are desirably selected from
compounds having the formulas: R (1 ) N R4 R5ISOLATOR
FIELD OF THE INVENTION [0001] The present invention
relates to an automotive exhaust system isolator. More
particularly, the present invention relates to an
isolator which is configured to provide a very soft
on-center rate but yet have the ability to endure
spike durability loads. BACKGROUND OF THE INVENTION
[0002] Typically, automotive vehicles including cars
and trucks have an internal combustion engine which is
coupled to at least a transmission and a 



differential for providing power to the drive wheels
of the vehicle. An engine exhaust system which
typically includes an exhaust pipe, a catalytic
converter and a muffler is attached to the engine to
quiet the combustion process, to clean the exhaust
gases and to route the products of combustion away
from the engine to a desired position typically at the
rear of the vehicle. The exhaust system is supported
by exhaust mounts which are positioned between the
exhaust system and the frame or some other supporting
structure of the vehicle body. In order to prevent
engine vibrations from being transmitted to the car
body, the exhaust mounts incorporate flexible members
or elastic suspension members to isolate the vehicle's
exhaust system from the vehicle's body. In order to
effectively isolate the vehicle's exhaust system from
the vehicle's body, it is preferred that the isolator
include a soft on-center rate of deflection'. [0003]
The prior art exhaust mounts or isolators have
included rubber isolators which are a solid rubber
component or a puck that is at least threequarters of
an inch thick and which is provided with at least one
pair of apertures extending therethrough. The
apertures each receive an elongated metal stud. The
metal stud is provided with an enlarged head that can
be forced through the aperture in the isolator, but it
cannot be readily removed from the isolator. The
opposite end of the stud is welded to or otherwise
secured to either a support point in the vehicle or to
one of the components of the exhaust system.[0004]
Other designs for isolators include elastomeric
moldings of a spoke design where spokes are loaded in
tension and compression and a shear leg design that
include a leg that is subjected to shearing in the
primary loading direction. Most elastomers which are
utilized for exhaust isolators exhibit poor tensile
fatigue properties stemming from low tear strength
properties. The preferred method to load the
elastomeric material is in compression or shear.
[0005] The prior art puck design is the simplest
design, and as discussed above, two pins are inserted
at opposite ends of the elastomer and the loads
inflict pure tension on the elastomer cords connecting
both ends. While this is typically the lowest cost
design, it is also the most abusive to the material.
In order to offset the failure risk, flexible or rigid
bands are typically designed inside or around the
outside of the elastomeric puck. The advantage of this
design is its ability to swivel about one hanger hole
to accommodate large positional tolerances for the
hanger. [0006] The prior art spoke design isolators
load the elastomeric material in compression and
tension. The tensile loading makes the design
vulnerable to fractures in overloaded conditions. The
stress magnitude is directly proportional to the load
divided by the minimum spoke cross-sectional area. An
additional requirement of the spoke design is that the
mating component or hanger pin be positioned within
the deflection zone. If it is not, the voids designed
into the isolator will be bottomed out or positioned
in a groundout condition. This results in the soft
on-center rate not being employed, thus defeating the
purpose of the isolator. [0007] The prior art shear
leg design has a primary loading direction which is
typically vertical and a secondary loading direction
which is typically lateral. When the shear leg design
is loaded in its primary loading direction, the
loading method is the shear style loading. In
addition, this shear style loading is able to be
designed desirably soft. However, the secondary
loading direction inflicts tensile compressive
stresses which are unfavorable for durability. In
addition, the secondary loading direction has a rate
that is two to three times stiffer than the primary
rate which is also an unfavorable condition.[0008] The
continued development of elastomeric mounts has been
directed to elastomeric mounts which include a soft
on-center rate while avoiding the undesirable tension
loading of the elastomeric bushing. SUMMARY OF THE
INVENTION [0009] The present invention provides the
art with an elastomeric bushing which uses radial
loading to avoid the tension stress loading of the
bushing. The radial loading cause shear stresses of
the elastomeric bushing regardless of the direction of
the loading. Tuning for rate and deflection in
specific directions can be independent from other
directions by altering voids in the elastomeric
bushings. [0010] Further areas of applicability of the
present invention will become apparent from the
detailed description provided hereinafter. It should
be understood that the detailed description and
specific examples, while indicating the preferred
embodiment of the invention, are intended for purposes
of illustration only and are not intended to limit the
scope of the invention. BRIEF DESCRIPTION OF THE
DRAWINGS [0011] The present invention will become more
fully understood from the detailed description and the
accompanying drawings, wherein: [0012] Figure 1 is a
perspective view of an elastomeric isolator in
accordance with the present invention; 



[0013] Figure 2 is a cross-sectional view of the
elastomeric isolator illustrated in Figure 1; [0014]
Figure 3 is a perspective view partially in
cross-section illustrating the inner metal of the
elastomeric isolator illustrated in Figure 1; [0015]
Figure 4 is a perspective view partially in
cross-section illustrating the directions of isolation
for the elastomeric isolator illustrated in Figure 1;
[0016] Figure 5 is a perspective view of an
elastomeric isolator in accordance with another
embodiment of the present invention; [0017] Figure 6
is a cross-sectional view of the elastomeric isolator
illustrated in Figure 5;[0018] Figure 7 is a
perspective view of an elastomeric isolator in
accordance with another embodiment of the present
invention; [0019] Figure 8 is a cross-sectional view
of the elastomeric isolator illustrated in Figure 7;
[0020] Figure 9 is a perspective view of an
elastomeric isolator in accordance with another
embodiment of the present invention; [0021] Figure 10
is a cross-sectional view of the elastomeric isolator
illustrated in Figure 9; [0022] Figure 11 is a
perspective view of an elastomeric isolator in
accordance with another embodiment of the present
invention; [0023] Figure 12 is a cross-sectional view
of the elastomeric isolator illustrated in Figure 11;
[0024] Figure 13 is a cross-sectional view of the
elastomeric isolator illustrated in Figure 11 taken 90
degrees from the cross-section illustrated in Figure
12; [0025] Figure 14 is a side view of an elastomeric
isolator in accordance with another embodiment of the
present invention; [0026] Figure 15 is a
cross-sectional view of the elastomeric isolator
illustrated in Figure 14; [0027] Figure 16 is a
cross-sectional view of the elastomeric isolator
illustrated in Figure 14 taken 90 degrees from the
cross-section illustrated in Figure 15; [0028] Figure
17 is a side view of an elastomeric isolator in
accordance with another embodiment of the present
invention; [0029] Figure 18 is a cross-sectional view
of the elastomeric isolator illustrated in Figure 17;
[0030] Figure 19 is a perspective view of an
elastomeric isolator in accordance with another
embodiment of the present invention; [0031] Figure 20
is a cross-sectional view of the elastomeric isolator
illustrated in Figure 19;[0032] Figure 2 1 is a side
view of an elastomeric isolator in accordance with
another embodiment of the present invention; [0033]
Figure 22 is a cross-sectional view of the elastomeric
isolator illustrated in Figure 2 1; and [0034] Figure
23 is a perspective view of an exhaust system which
incorporates the unique exhaust isolators in
accordance with the present invention. DETAILED
DESCRIPTION OF THE PREFERRED EMBODIMENTS [0035] The
following description of the preferred embodiment(s)
is merely exemplary in nature and is in no way
intended to limit the invention, its application, or
uses. [0036] Referring now to the drawings, there is
shown in Figure 23 an exhaust system which includes
the exhaust system isolators in accordance with the
present invention and which is designated generally by
the reference numeral 10. A typical vehicle comprises
an internal combustion engine (not shown), a body (not
shown), a suspension system (not shown) and exhaust
system 10 which is attached to the internal combustion
engine and which is supported typically beneath the
vehicle. The internal combustion engine is designed to
power one or more drive wheels of the vehicle and the
exhaust system routes the products of combustion to a
desired exhaust location around the outside of the
vehicle. [0037] Exhaust system 10 comprises an
intermediate pipe 12, a muffler 14, a tailpipe 16 and
a plurality of isolator assemblies of various designs.
Intermediate pipe 12 is typically connected to the
engine or to a catalytic converter (not shown) which
is then attached to an exhaust pipe which extends
between the engine and the catalytic converter. The
catalytic converter may be attached to a single
exhaust pipe which leads to a single exhaust manifold
or the catalytic converter can be attached to a
branched exhaust pipe which leads to a plurality of
exhaust pipes which lead to a plurality of exhaust
manifolds. Also, intermediate pipe 12 can be attached
to a plurality of catalytic converters which connect
together 



prior to reaching muffler 14 using intermediate pipe
12 or the vehicle can have a plurality of exhaust
pipes, a plurality of catalytic converters, a
plurality ofintermediate pipes 12 and a plurality of
mufflers 14 which connect together using a single or
multiple tailpipes 16. In addition, the exhaust system
isolator of the present invention is applicable to any
type of exhaust system including but not limited to
dual exhaust system which have two separate parallel
exhaust systems extending from the internal combustion
system. [0038] Exhaust system 10 is utilized to route
the exhaust gases from the engine to a desired
location around the outside of the vehicle. While
traveling through the exhaust system, the catalytic
converter cleans the exhaust gases and muffler 14
quiets the noise created during the combustion process
in the engine. The present invention is directed
toward the exhaust system isolators which mount
exhaust system 10 to the vehicle while at the same
time, isolate the movement of exhaust system 10 with
respect to the vehicle. [0039] Referring now to
Figures 1-4, an exhaust system isolator 30 in
accordance with the present invention is illustrated.
Isolator 30 comprises an elastomeric body 32 within
which a reinforcement inner metal 34 is molded.
Isolator 30 is a two-hole shear hub design where
elastomeric body 32 defines a pair of holes 36 and 38
which are designed to accept a pair of inner tubes or
hanger pins 40 and 42. One of hanger pins 40 or 42 is
secured to the frame or the mounting structure of the
vehicle and the other hanger pin 40 or 42 is secured
to exhaust system 10. Thus, exhaust system 10 is
secured to the vehicle through isolator 30. [0040]
Elastomeric body 32 defines an outer circumferential
void 44 and an inner circumferential void 46. While
voids 44 and 46 are illustrated as asymmetrical with
respect to the center of hole 38, it is within the
scope of the present invention to have voids 44 and 46
symmetrical with respect to hole 38 if desired. The
design of the voids, specifically their thickness,
will determine the amount of travel until the rate of
the bushing spikes up due at the closing of the voids.
Until the closing of the voids, the radial loads cause
pure shear regardless of the loading direction. As
illustrated in Figure 4, the loading direction can be
in any one of the three axial directions. Tuning for
rate and deflection in selective directions can be
accomplished independently from other directions by
alteringvoids 44 and 46 in the required sectors. As
can be seen in Figure 2, void 44 overlaps with void
46. The larger the overlap between voids 44 and 46,
the lower the stresses and stiffness for isolator 30.
The peak loads bottom out voids 44 and 46 and start to
impart compressive stress to elastomeric body 32 from
hanger pins 40 and/or 42 and inner metal 34 by
sandwiching. As illustrated in Figure 3, inner metal
34 extends around the periphery of elastomeric body
32. The bottoming out of voids 44 and 46 and
subsequent compression of elastomeric body 32 makes
the stress spread out to all of the material between
hanger pins 40 and 42 and inner metal 34 rather than
having the stress concentrated in a spoke or leg
cross-section as in the prior art. This permits the
stress magnitude to decrease as well as changing the
stress loading to a more favorable type. [0041] Thus,
exhaust system isolator 30 provides a very soft
on-center rate which is desirable with the ability to
endure spike durability loads after closing of the
voids. [0042] Referring now to Figures 5 and 6, an
exhaust system isolator 60 in accordance with another
embodiment of the present invention is illustrated.
Isolator 60 comprises an elastomeric body 62 within
which an inner reinforcement 64 and an outer
reinforcement 66 are molded. Isolator 60 is a single
hole shear hub design where elastomeric body 62
defines a hole 68 which is designed to accept an inner
tube or hanger pin 70. Hanger pin 70 is secured to
exhaust system 10 and isolator 60 is secured to the
frame or the mounting structure of the vehicle using
outer reinforcement 66. Thus, exhaust system 10 is
secured to the vehicle through isolator 60. [0043]
Elastomeric bushing 62 defines an outer
circumferential void 74 and an inner circumferential
void 76. While voids 74 and 76 are illustrated as
symmetrical with respect to the center of hole 68, it
is within the scope of the present invention to have
voids 74 and 76 asymmetrical with respect to hole 68
if desired. The design of the voids, specifically
their thickness, will determine the amount of travel
until the rate of the bushing spikes up at the closing
of the voids. Until the closing of the voids, the
radial loads cause pure shear regardless of theloading
direction. Similar to that discussed above for
isolator 30, isolator 60 can be loaded in any of the
three axial directions illustrated in Figure 4. Tuning
for rate and deflection in selective directions can be
accomplished independently from other directions by
altering voids 74 and 76 in the required sectors. As
can be seen in Figure 6, void 74 overlaps with void
76. The larger the overlap between voids 74 and 76,
the lower the stresses and stiffness for isolator 60.
Voids 74 and 76 are located between inner
reinforcement 64 and outer reinforcement 66 such the
peak 



loads bottom out voids 74 and 76 and start to impart
compressive stress to elastomeric body 62 from inner
reinforcement 64 and outer reinforcement 66 by
sandwiching. As illustrated in Figures 5 and 6, outer
reinforcement 66 comprises a generally U-shaped
bracket 80 which is adapted to be secured to the frame
or the mounting structure of the vehicle and a
generally straight bracket 82 which extends between
the two legs or U-shaped bracket 80 and is secured to
each leg of Ushaped bracket 80 by crimping or by any
other means known in the art. Thus, the bottoming out
of voids 74 and 76 and subsequent compression of
elastomeric body 62 makes the stress spread out to all
of the material between inner reinforcement 64 and
outer reinforcement 66 as well as between hanger pin
70 and inner reinforcement 64 rather than having the
stress concentrated in a spoke or leg crosssection as
in the prior art. This permits the stress magnitude to
decrease as well as changing the stress loading to a
more favorable type. [0044] Thus, exhaust system
isolator 60, similar to isolator 30, provides a very
soft on-center rate which is desirable with the
ability to endure spike durability loads after closing
of the voids. [0045] Referring now to Figures 7 and 8,
an exhaust system isolator 90 in accordance with
another embodiment of the present invention is
illustrated. Isolator 90 comprises an elastomeric body
92 within which an inner reinforcement 94 and an outer
reinforcement 96 are molded. Isolator 90 is a
three-hole shear hub design where elastomeric body 92
defines a centrally located hole 98 which is designed
to accept a single hanger pin 42 which is secured to
exhaust system 10 and a pair of holes 100 which are
each designed to accept a hanger pin 40. Each hanger
pin 40is secured to the frame or mounting structure of
the vehicle. Thus, exhaust system 10 is secured to the
vehicle through isolator 90. By using two hanger pins
40, antirotation is provided to isolator 90 to support
the three degrees of freedom or motion of hanger pin
42 as illustrated in Figure 4 for isolator 30. [0046]
Elastomeric body 92 defines an outer circumferential
void 104 and an inner circumferential void 106. While
voids 104 and 106 are illustrated as symmetrical with
respect to the center of hole 98, it is within the
scope of the present invention to have voids 104 and
106 asymmetrical with respect to hole 98 if desired.
The design of the voids, specifically their thickness,
will determine the amount of travel until the rate of
the bushing spikes up due at the closing of the voids.
Until the closing of the voids, the radial loads cause
pure shear regardless of the loading direction. As
illustrated in Figure 4, the loading direction can be
in any one of the three axial directions. Tuning for
rate and deflection in selective directions can be
accomplished independently from other directions by
altering the voids in the required sectors. As can be
seen in Figure 8, void 104 overlaps with void 106. The
larger the overlap between voids 104 and 106, the
lower the stresses and stiffness for isolator 90. The
peak loads bottom out voids 104 and 106 and start to
impart compressive stress to elastomeric body 92 from
voids 104 and 106 are located between inner
reinforcement 94 and outer reinforcement 96 such that
peak loads bottom out voids 104 and 106 and start to
impart compressive stress to elastomeric body 92 from
inner reinforcement 94 and outer reinforcement 96 by
sandwiching. As illustrated in Figures 7 and 8, inner
reinforcement 94 extends around hole 98 and outer
reinforcement 96 extends around the periphery of
elastomeric body 92. Thus, the bottoming out of voids
104 and 106 and subsequent compression of elastomeric
body 92 makes the stress spread out to all of the
material between inner reinforcement 94 and outer
reinforcement 96 as well as between hanger pin 42 and
inner reinforcement 94 and outer reinforcement 96 and
hanger pins 42. This is preferred over the stress
concentrated in a spoke or leg cross-section as in the
prior art. This permits the stress magnitude to
decrease as well as changing the stress loading to a
more favorable type.[0047] Thus, exhaust system
isolator 90, similar to isolator 30, provides a very
soft on-center rate which is desirable with the
ability to endure spike durability loads after closing
of the voids. [0048] Referring now to Figures 9 and
10, an exhaust system isolator 120 in accordance with
another embodiment of the present invention is
illustrated. Isolator 120 comprises an elastomeric
body 122 within which an inner reinforcement 124 and
an outer reinforcement 126 are molded. Isolator 120 is
a hole shear hub design where elastomeric body 122
defines a hole 128 which is designed to accept an
inner tube or hanger pin 42. Hanger pin 42 is secured
to exhaust system 10 and isolator 120 is secured to
the frame or the mounting structure of the vehicle
using outer reinforcement 126. Thus, exhaust system 10
is secured to the vehicle through isolator 120. [0049]
Elastomeric bushing 122 defines an outer
circumferential void 134 and an inner circumferential
void 136. While voids 134 and 136 are illustrated as
symmetrical with respect to center of hole 128, it is
within the scope of the present 



invention to have voids 134 and 136 asymmetrical with
respect to hole 128 if desired. The design of the
voids, specifically their thickness will determine the
amount of travel until the rate of the bushing spikes
up at the closing of voids 134 and 136. Until the
closing of voids 134 and 136, the radial loads cause
pure shear regardless of the loading direction.
Similar to that discussed above for isolator 30,
isolator 120 can be loaded in any of the three axial
directions as shown in Figure 4. Tuning for rate and
deflection in selective directions can be accomplished
independently from other directions by altering voids
134 and 136 in the required sectors. As can be seen in
Figure 10, void 134 overlaps with void 136. The larger
the overlap between voids 134 and 136, the lower the
stresses and stiffness for isolator 60. Voids 134 and
136 are located between inner reinforcement 124 and
outer reinforcement 126 such the peak loads bottom out
voids 134 and 136 and start to impart compressive
stress to elastomeric body 132 from inner
reinforcement 134 and outer reinforcement 136 by
sandwiching. As illustrated in Figures 9 and 10, outer
reinforcement 126 comprises a generally U-shaped
bracket 140 which isadapted to be secured to the frame
or the mounting structure of the vehicle and a bracket
142 which extends between the two legs or U-shaped
bracket 140 and is secured to each leg of U-shaped
bracket 140 by crimping or by any other means known in
the art. Thus, the bottoming out of voids 134 and 136
and subsequent compression of elastomeric body 122
makes the stress spread out to all of the material
between inner reinforcement 124 and outer
reinforcement 126 as well as between hanger pin 42 and
inner reinforcement 124 rather than having the stress
concentrated in a spoke or leg cross-section as in the
prior art. This permits the stress magnitude to
decrease as well as changing the stress loading to a
more favorable type. [0050] Thus, exhaust system
isolator 120, similar to isolator 30, provides a very
soft on-center rate which is desirable with the
ability to endure spike durability loads after closing
of the voids. [0051] Referring now to Figures 11-13,
an exhaust system isolator 150 in accordance with
another embodiment of the present invention is
illustrated. Isolator 150 comprises an elastomeric
body 152 within which an inner reinforcement 154 and
an outer reinforcement 156 are molded. Isolator 150 is
a single hole shear hub design where elastomeric body
152 defines a hole 158 which is designed to accept an
inner tube or hanger pin 42. Hanger pin 42 is secured
to exhaust system 10 and isolator 150 is secured to
the frame or the mounting structure of the vehicle
using outer reinforcement 156. Thus, exhaust system 10
is secured to the vehicle through isolator 150. [0052]
Elastomeric bushing 152 defines an outer
circumferential void 164 and an inner circumferential
void 166. While voids 164 and 166 are illustrated as
asymmetrical with respect to the center of hole 158,
it is within the scope of the present invention to
have voids 164 and 166 symmetrical with respect to
hole 158 if desired. The design of the voids,
specifically their thickness, will determine the
amount of travel until the rate of the bushing spikes
up at the closing of the voids. Until the closing of
the voids, the radial loads cause pure shear
regardless of the loading direction. Similar to that
discussed above for isolator 30, isolator 150 canbe
loaded in any of the three axial directions as
illustrated in Figure 4. Tuning for rate and
deflection in selective directions can be accomplished
independently from other directions by altering the
voids in the required sectors. As can be seen in
Figure 12, void 164 overlaps with void 166. The larger
the overlap between voids 164 and 166, the lower the
stresses and stiffness for isolator 60. Voids 164 and
166 are located between inner reinforcement 154 and
outer reinforcement 156 such the peak loads bottom out
voids 164 and 166 and start to impart compressive
stress to elastomeric body 162 from inner
reinforcement 164 and outer reinforcement 166 by
sandwiching. As illustrated in Figures 11-13, outer
reinforcement 156 comprises a generally U-shaped
bracket 170 which is adapted to be secured to the
frame or the mounting structure of the vehicle and a
bracket 172 which extends between the two legs or
U-shaped bracket 170 and is secured to each leg of
U-shaped bracket 170 by crimping or by an other means
known in the art. Thus, the bottoming out of voids 164
and 166 and subsequent compression of elastomeric body
152 makes the stress spread out to all of the material
between inner reinforcement 154 and outer
reinforcement 156 as well as between hanger pin 160
and inner reinforcement 154 rather than having the
stress concentrated in a spoke or leg cross-section as
in the prior art. This permits the stress magnitude to
decrease as well as changing the stress loading to a
more favorable type. [0053] Thus, exhaust system
isolator 150, similar to isolator 30, provides a very
soft on-center rate which is desirable with the
ability to endure spike durability loads after closing
of the voids. [0054] Referring now to Figures 14-16,
an exhaust system isolator 180 in 



accordance with another embodiment of the present
invention is illustrated. Isolator 180 comprises an
elastomeric body 182 within which an outer
reinforcement 186 is molded. Isolator 180 is a double
hole shear hub design where elastomeric body 182
defines a pair of holes 188 each of which are designed
to accept an inner tube or hanger pin 42. Hanger pins
42 are secured to exhaust system 10 and isolator 180
is secured to the frame or the mounting structure of
the vehicle using outerreinforcement 186. Thus,
exhaust system 10 is secured to the vehicle through
isolator 180. [0055] Elastomeric bushing 182 defines
an outer circumferential void 194 and an inner
circumferential void 196. While voids 194 and 196 are
illustrated as symmetrical with respect to the center
of isolator 180, it is within the scope of the present
invention to have voids 194 and 196 asymmetrical with
respect to isolator 180 if desired. The design of the
voids, specifically their thickness, will determine
the amount of travel until the rate of the bushing
spikes up at the closing of the voids. Until the
closing of the voids, the radial loads cause pure
shear regardless of the loading direction. Similar to
that discussed above for isolator 30, isolator 180 can
be loaded in any of the three axial directions as
illustrated in Figure 4. Tuning for rate and
deflection in selective directions can be accomplished
independently from other directions by altering the
voids in the required sectors. As can be seen in
Figure 16, void 194 overlaps with void 196. The larger
the overlap between voids 194 and 196, the lower the
stresses and stiffness for isolator 60. Voids 194 and
196 are located within outer reinforcement 186 such
the peak loads bottom out voids 194 and 196 and start
to impart compressive stress to elastomeric body 192
from hanger pins 42 and outer reinforcement 196 by
sandwiching. As illustrated in Figures 14-16, outer
reinforcement 186 comprises a generally U-shaped
bracket 200 which is adapted to be secured to the
frame or the mounting structure of the vehicle and a
bracket 202 which extends between the two legs or
U-shaped bracket 200 and is secured to each leg of
U-shaped bracket 200 by crimping or by an other means
known in the art. Thus, the bottoming out of voids 194
and 196 and subsequent compression of elastomeric body
182 makes the stress spread out to all of the material
between hanger pins 42 and outer reinforcement 186
rather than having the stress concentrated in a spoke
or leg cross-section as in the prior art. This permits
the stress magnitude to decrease as well as changing
the stress loading to a more favorable type.[0056]
Thus, exhaust system isolator 180, similar to isolator
30, provides a very soft on-center rate which is
desirable with the ability to endure spike durability
loads after closing of the voids. [0057] Referring now
to Figures 17 and 18, an exhaust system isolator 210
in accordance with another embodiment of the present
invention is illustrated. Isolator 210 comprises an
elastomeric body 212 within which an inner
reinforcement 214 and an outer reinforcement 216 are
molded. Isolator 210 is a single hole shear hub design
where elastomeric body 212 defines a hole 218 which is
designed to accept an inner tube or hanger pin 42.
Hanger pin 42 is secured to exhaust system 10 and
isolator 210 is secured to the frame or the mounting
structure of the vehicle using outer reinforcement
216. Thus, exhaust system 10 is secured to the vehicle
through isolator 210. [0058] Elastomeric bushing 212
defines an outer circumferential void 224 and an inner
circumferential void 226. While voids 224 and 226 are
illustrated as asymmetrical with respect to the center
of hole 218, it is within the scope of the present
invention to have voids 224 and 226 symmetrical with
respect to hole 218 if desired. The design of the
voids, specifically their thickness, will determine
the amount of travel until the rate of the bushing
spikes up at the closing of the voids. Until the
closing of the voids, the radial loads cause pure
shear regardless of the loading direction. Similar to
that discussed above for isolator 30, isolator 210 can
be loaded in any of the three axial directions as
illustrated in Figure 4. Tuning for rate and
deflection in selective directions can be accomplished
independently from other directions by altering the
voids in the required sectors. As can be seen in
Figure 18, void 224 overlaps with void 226. The larger
the overlap between voids 224 and 226, the lower the
stresses and stiffness for isolator 60. Voids 224 and
226 are located between inner reinforcement 214 and
outer reinforcement 216 such the peak loads bottom out
voids 224 and 226 and start to impart compressive
stress to elastomeric body 222 from inner
reinforcement 224 and outer reinforcement 226 by
sandwiching. As illustrated in Figures 17 and 18,
outer reinforcement 216 comprises a generally U-shaped
bracket 230 which is adapted to be secured to theframe
or the mounting structure of the vehicle and a
,bracket 232 which is disposed within a bore defined
by U-shaped bracket 230 and is secured to U-shaped
bracket 230 by a press fitting or by an other means
known in the art. Thus, the bottoming out of voids 224
and 226 and subsequent compression of elastomeric body
212 makes the stress spread out to all of the material
between inner reinforcement 214 



and outer reinforcement 216 as well as between hanger
pin 42 and inner reinforcement 214 rather than having
the stress concentrated in a spoke or leg
cross-section as in the prior art. This permits the
stress magnitude to decrease as well as changing the
stress loading to a more favorable type. [0059] Thus,
exhaust system isolator 210, similar to isolator 30,
provides a very soft on-center rate which is desirable
with the ability to endure spike durability loads
after closing of the voids. [0060] Referring now to
Figures 19 and 20, an exhaust system isolator 240 in
accordance with another embodiment of the present
invention is illustrated. Isolator 240 comprises an
elastomeric body 242 within which an inner
reinforcement 244 and an outer reinforcement 246 are
molded. Isolator 240 is a single hole shear hub design
where elastomeric body 242 defines a hole 248 which is
designed to accept an inner tube or hanger pin 42.
Hanger pin 42 is secured to exhaust system 10 and
isolator 240 is secured to the frame or the mounting
structure of the vehicle using outer reinforcement
246. Thus, exhaust system 10 is secured to the vehicle
through isolator 240. [0061] Elastomeric bushing 242
defines an outer circumferential void 254 and an inner
circumferential void 256. While voids 254 and 256 are
illustrated as symmetrical with respect to the center
of hole 248, it is within the scope of the present
invention to have voids 254 and 256 asymmetrical with
respect to hole 248 if desired. The design of the
voids, specifically their thickness, will determine
the amount of travel until the rate of the bushing
spikes up at the closing of the voids. Until the
closing of the voids, the radial loads cause pure
shear regardless of the loading direction. Similar to
that discussed above for isolator 30, isolator 240 can
be loaded in any of the three axial directions. Tuning
for rate and deflection inselective directions can be
accomplished independently from other directions by
altering the voids in the required sectors. As can be
seen in Figure 20, void 254 overlaps with void 256.
The larger the overlap between voids 254 and 256, the
lower the stresses and stiffness for isolator 60.
Voids 254 and 256 are located between inner
reinforcement 244 and outer reinforcement 246 such the
peak loads bottom out voids 254 and 256 and start to
impart compressive stress to elastomeric body 252 from
inner reinforcement 254 and outer reinforcement 256 by
sandwiching. As illustrated in Figures 19 and 20,
outer reinforcement 246 comprises a generally
rectangular shaped bracket 260 which is adapted to be
secured to the frame or the mounting structure of the
vehicle and a bracket 262 which extends around the
periphery of elastomeric body 252. Thus, the bottoming
out of voids 254 and 256 and subsequent compression of
elastomeric body 242 makes the stress spread out to
all of the material between inner reinforcement 244
and outer reinforcement 246 as well as between hanger
pin 42 and inner reinforcement 244 rather than having
the stress concentrated in a spoke or leg
cross-section as in the prior art. This permits the
stress magnitude to decrease as well as changing the
stress loading to a more favorable type. [0062] Thus,
exhaust system isolator 240, similar to isolator 30,
provides a very soft on-center rate which is desirable
with the ability to endure spike durability loads
after closing of the voids. [0063] Referring now to
Figures 2 1 and 22, an exhaust system isolator 270 in
accordance with another embodiment of the present
invention is illustrated. Isolator 270 comprises an
elastomeric body 272 within which an inner
reinforcement 274 and an outer reinforcement 276 are
molded. Isolator 270 is a single hole shear hub design
where elastomeric body 272 defines a hole 278 which is
designed to accept an inner tube or hanger pin 42.
Hanger pin 42 is secured to exhaust system 10 and
isolator 270 is secured to the frame or the mounting
structure of the vehicle using outer reinforcement
276. Thus, exhaust system 10 is secured to the vehicle
through isolator 270.[0064] Elastomeric bushing 272
defines an outer circumferential void 284 and an inner
circumferential void 286. While voids 284 and 286 are
illustrated as symmetrical with respect to the center
of hole 278, it is within the scope of the present
invention to have voids 284 and 286 asymmetrical with
respect to hole 278 if desired. The design of the
voids, specifically their thickness, will determine
the amount of travel until the rate of the bushing
spikes up at the closing of the voids. Until the
closing of the voids, the radial loads cause pure
shear regardless of the loading direction. Similar to
that discussed above for isolator 30, isolator 270 can
be loaded in any of the three axial directions. Tuning
for rate and deflection in selective directions can be
accomplished independently from other directions by
altering the voids in the required sectors. As can be
seen in Figure 22, void 284 overlaps with void 286.
The larger the overlap between voids 284 and 286, the
lower the stresses and stiffness for isolator 60.
Voids 284 and 286 are located between inner
reinforcement 274 and outer reinforcement 276 such the
peak loads 



bottom out voids 284 and 286 and start to impart
compressive stress to elastomeric body 282 from inner
reinforcement 274 and outer reinforcement 276 by
sandwiching. As illustrated in Figures 2 1 and 22,
outer reinforcement 276 comprises a bracket 290 which
is adapted to be secured to the frame or the mounting
structure of the vehicle and a bracket 292 which is
disposed within a bore defined by bracket 290 and is
secured to bracket 290 by press fitting or by an other
means known in the art. Thus, the bottoming out of
voids 284 and 286 and subsequent compression of
elastomeric body 272 makes the stress spread out to
all of the material between inner reinforcement 274
and outer reinforcement 276 as well as between hanger
pin 42 and inner reinforcement 274 rather than having
the stress concentrated in a spoke or leg
cross-section as in the prior art. This permits the
stress magnitude to decrease as well as changing the
stress loading to a more favorable type. [0065] Thus,
exhaust system isolator 270, similar to isolator 30,
provides a very soft on-center rate which is desirabfe
with the ability to endure spike durability loads
after closing of the voids.[0066] The description of
the invention is merely exemplary in nature and, thus,
variations that do not depart from the gist of the
invention are intended to be within the scope of the
invention. Such variations are not to be regarded as a
departure from the spirit and scope of the
invention.CLAIMS What is claimed is: 1. An isolator
comprising: an elastomeric body; a first member for
attaching the elastomeric body to a first component; a
second member for attaching the elastomeric body to a
second component; wherein the elastomeric body defines
a first annular void extending into the elastomeric
bushing from a first side; the elastomeric body
defines a second annular void extending into the
elastomeric bushing from a second side opposite to the
first side; the first annular void overlaps the second
annular void by a specified overlap. 2. The isolator
according to Claim 1, wherein said first member
comprises a first hole extending through said
elastomeric bushing. 3. The isolator according to
Claim 2, wherein said second member is a second hole
extending through said elastomeric bushing. 4. The
isolator according to Claim 3, further comprising an
insert encircling the first and second annular voids.
5. The isolator according to Claim 4, wherein the
insert encircles the first and second hole. 6. The
isolator according to Claim 2, further comprising an
insert disposed around the first hole. 7. The isolator
according to Claim 2, wherein said second member is a
bracket disposed around the first and second voids. 8.
-The isolator according to Claim 7, further comprising
an insert disposed around the first hole. 9. The
isolator according to Claim 2, wherein said second
member is a pair of holes extending through the
elastomeric bushing.10. The isolator according to
Claim 9, further comprising an insert disposed around
the first hole. 11. The isolator according to Claim 1,
wherein said second member is a bracket disposed
around the first and second voids. 12. The isolator
according to Claim 1, further comprising an insert
disposed around the first hole. 13. The isolator
according to Claim 1, wherein said first member
comprises a pair of holes extending through said
elastomeric bushing. 14. The isolator according to
Claim 13, wherein said second member is a bracket
disposed around the first and second voids. 15. The
isolator according to Claim 1, wherein a radial
dimension across the first annular void varies. 16.
The isolator according to Claim 1, wherein a radial
dimension across the second annular void varies. 17.
The isolator according to Claim 1, wherein the first
annular void is concentric with the first member. 18.
The isolator according to Claim 17, wherein the second
annular void is concentric with the first member. 


