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METHODS AND APPARATUSES TO ISOLATE VIBRATION

FIELD OF TECHNOLOGY

Embodiments disclosed herein relate generally to vibration isolation in a system
with a pressurized flow passage. Specifically, the embodiments disclosed herein relate to
isolating vibration of a compressor from other components of an air conditioning system
with a compressor. In one application, the embodiments disclosed herein can be, for

example, used in a chiller system with a screw compressor.

BACKGROUND

An air conditioning system, such as a vapor-compression system, typically has a
compressor, a condenser, an evaporator, and/or exhaust fans. During a typical cooling
cycle, the compressor can compress refrigerant vapor to high-pressure high-temperature
refrigerant vapor. The high-pressure high-temperature refrigerant vapor can release heat
in the condenser and become a liquid refrigerant. The liquid refrigerant can then flow to
the evaporator through an expansion valve, and transform to the vapor state as the liquid
refrigerant absorbs heat. The vaporized refrigerant from the evaporator can then circulate
back to the compressor to be compressed in the compressor.

There are several types of compressors for the vapor-compression type of air
conditioning system, such as reciprocating compressors, scroll compressors, screw
compressors and centrifugal compressors. These types of compressors are typically
powered by electric motors or gas turbines. When in operation, the compressors can
generate vibration and noise. For example, in a chiller system, the screw compressor is
one of the main sources of vibration and noise.

In the vapor-compression type of air conditioning system, the pressure of the
refrigerant vapor after the refrigerant vapor is compressed by the compressor can be
relatively high, for example up to about 350 psi. Refrigerant lines, such as pipes carrying
the high pressure refrigerant vapor are generally configured to be able to withstand at

least two times the pressure of the compressed refrigerant vapor. The pipes therefore
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generally are rigid. The rigid pipes can not only create noise, but also transmit vibration
of one component, such as the compressor, to other parts of the air conditioning system,
such as the refrigerant line(s) and/or the components such as an oil separator of the air
conditioning system, causing operation noise of the air conditioning system. In

transmitting the vibration, rigid pipes themselves can radiate sound as well.

SUMMARY

A compressor of an air conditioning system, for example, a screw compressor of a
chiller, can vibrate and generate noise in operation. In the air conditioning system, the
vibration of the compressor may migrate to other parts of the air conditioning system
through a flow passage including a suction line and/or a discharge line, causing noise.
Methods and apparatuses isolating vibration from the compressor to the flow passage,
such as the suction line and/or the discharge line of the air conditioning system, are
described. The vibration isolation apparatus may generally include a conduit that is
configured to carry a fluid, such as refrigerant in its various liquid/gaseous states, and
have a convoluted structure to absorb vibration. The conduit may be configured to be
connected to a stabilizing member(s). The stabilizing member(s) may be configured to
impede at least a portion of the vibration. The conduit may have a structural supporting
member(s) that is configured to retain and/or enhance a structure of the conduit, so that
the conduit may withstand a pressure of the fluid, e.g. refrigerant. The structural
supporting member(s) may be isolated from the stabilizing member(s) via vibration
isolation member(s).

The vibration isolation apparatus may be positioned between an outlet of a
compressor and a refrigerant pipe, such as a suction line and/or discharge line. The
stabilizing member(s), the convoluted conduit and the vibration isolation member(s) may
attenuate the vibration generated by the compressor so as to reduce the vibration
transmitted to the refrigerant pipe. The structural supporting member(s) may enhance the
structural strength of the vibration isolation apparatus to withstand the pressure of the

compressed refrigerant.
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In some embodiments, the conduit may include a convoluted section and a non-
convoluted section. In some embodiments, the structural supporting member(s) may be
generally rigid and generally can withstand the pressure of the refrigerant flow.

In some embodiments, one of the stabilizing members may have a vibration
isolation member cavity, and at least a portion of the vibration isolation member may be
received in the vibration isolation member cavity.

A method of isolating vibration through a flow passage structure may include
directing vibration through a conduit with a convoluted structure and stabilizing the
conduit with a stabilizing member. The method may further include providing a
structural supporting member to retain the conduit and the stabilizing member, and
isolating the structural supporting member from the stabilizing member by an isolation

member.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.1 illustrates a perspective view of an air conditioning system.

FIG. 2 illustrates a compressor equipped with an embodiment of a vibration
isolation apparatus.

FIGS. 3A to 3F illustrate different views of an embodiment of a vibration
isolation apparatus. FIG. 3A is a perspective view of the vibration isolation apparatus.

FIG. 3B is a sectional view along the line B-B of FIG. 3A.

FIG. 3C is an enlarged view of area C in FIG. 3B.

FIG. 3D is a perspective view of the conduit of the vibration isolation apparatus
of FIG.3A.

FIG. 3E is an end view of the vibration isolation apparatus.

FIG. 3F is a sectional view along the line F-F of FIG. 3E.

FIGS. 4A to 4D illustrate sectional views of different embodiments of a vibration
isolation member. FIG. 4A is a sectional view of a vibration isolation member installed
on a vibration isolation apparatus.

FIGS. 4B to 4D illustrate three different embodiments of a vibration isolation

member before installed on a vibration isolation apparatus.



10

15

20

25

30

WO 2014/011870 PCT/US2013/050065

FIG. 5 illustrates a front view of another embodiment of a vibration isolation

apparatus.

DETAILED DESCRIPTION

During the operation of an air conditioning system, a compressor can compress a
refrigerant and generate vibration at the same time. Certain types of compressors, such as
a screw type compressor of a chiller system, can generate a relatively high level of
vibration and relatively high pressure of the refrigerant. The refrigerant pipes are
generally required to withstand the high pressure of the compressed refrigerant. The
vibration can be transmitted from the compressor to other parts of the air conditioning
system including the rigid refrigerant lines/pipes, an oil separator, a condenser, etc. The
vibration can cause noise of the air conditioning system when in operation. The noise
can be difficult to reduce because the vibration causing the noise is transmitted to
different parts of the air conditioning system. Isolating the vibration of the compressor
from other parts of the air conditioning system may help reduce the vibration and noise of
the air conditioning system.

In the following description of the illustrated embodiments, methods and
apparatuses to isolate the vibration of the compressor from other parts of the air
conditioning system are described. A high pressure side of the compressor may be
isolated from a discharge line by a vibration isolation apparatus. In some embodiments,
the vibration isolation apparatus may be configured to have a conduit that is configured to
carry a fluid, such as a refrigerant, and also impede vibration. In some embodiments, the
conduit may have a convoluted structure to reduce the vibration. In some embodiments,
the vibration isolation apparatus may have a structural supporting member configured to
retain and/or enhance the structure and/or stability of the convoluted structure so that the
convoluted structure can withstand the pressure of the compressed refrigerant. The
structural supporting member may also be configured to be isolated from the conduit by a
vibration isolation member. In some embodiments, the conduit and the structural
supporting member may be generally parallel to each other. In some embodiments, the

conduit and the structural supporting member may be positioned between two stabilizing
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members. The stabilizing members may be configured to be relatively heavy to impede
vibration.

References are made to the accompanying drawings that form a part hereof, and
in which is shown by way of illustration of the embodiments may be practiced. It is to be
understood that the terms used herein are for the purpose of describing the figures and
embodiments and should not be regarded as limiting the scope of the present application.

Fig. 1 illustrates one example of an air conditioning system 100. The air
conditioning system 100 may include a compressor 110, an oil separator 115, an
evaporator 117, a condenser coil(s) 119 and fans 116. In one application, the air
conditioning system 100 may be a chiller system. In operation, the compressor 110 can
compress a refrigerant vapor, which can flow into the condenser coil 119 through a
discharge line 120. In the condenser coil 119, the high pressure compressed refrigerant
vapor can release heat and become refrigerant liquid. The refrigerant liquid can then
flow into the evaporator 117, in which the refrigerant liquid can absorb heat, for example,
from water, and become refrigerant vapor. The refrigerant vapor can then circulate back
to the compressor 110 through a suction line 121.

The discharge line 120 and the suction line 121 are configured to connect
different components of the refrigeration system, and are configured to carry the
refrigerant through the air conditioning system 100. In an air conditioning system 100,
for example, with a screw type compressor 110, the discharge line 120 and the suction
line 121 are configured to be rigid to withstand a pressure of the refrigerant before and
after being compressed by the compressor 110. The vibration of the compressor 110 can
be transmitted to the components of the air conditioning system 100 including the
discharge line 120 and the suction line 121, the oil separator 115, the condenser coil 119,
causing noise.

Referring to Fig. 2, a compressor 210 equipped with a vibration isolation
apparatus 250 is illustrated. The arrows indicate the flow direction of a refrigerant.
Refrigerant vapor flows into the compressor 210 from a low pressure inlet 211 via a
suction line 220a, and then is compressed by the compressor 210. The compressed
refrigerant vapor comes out of a high pressure outlet 212 of the compressor 210, and

flows to the discharge line 220b through the vibration isolation apparatus 250. In the
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embodiment shown, the vibration isolation apparatus 250 is positioned between the high
pressure outlet 212 of the compressor 210 and the discharge line 220b. The vibration
isolation apparatus 250 generally has a first stabilizing member 252a and a second
stabilizing member 252b. In the illustrated embodiment, the first stabilizing member
252a is connected to the compressor outlet 212, and the second stabilizing member 252b
is connected to the discharge line 220b. The vibration isolation apparatus 250 also has a
vibration isolation conduit 260 that is positioned between the first stabilizing member
252a and the second stabilizing member 252b, and is in fluid communication with the
compressor outlet 212 and the discharge line 220b. In some embodiments, the first and
second stabilizing members 252a and 252b can be two metal flanges that are connected to
the two ends of the vibration isolation conduit 260. The compressed refrigerant can flow
from the compressor outlet 212 to the discharge line 220b through the vibration isolation
conduit 260. The vibration isolation apparatus 250 can help prevent the vibration of the
compressor 210 from transmitting to the discharge line 220b.

The first stabilizing member 252a and the second stabilizing member 252b can be
held together by at least one structural supporting member 255. The structural supporting
member 255 has a first end and a second end that can be configured to connect to the first
stabilizing member 252a and the second stabilizing member 252b. The structural
supporting member 255 is generally parallel to the vibration isolation conduit 260. In
some embodiments, the structural supporting member 255 is rigid. In some embodiments,
the structural supporting member 255 is a metal tie rod.

As shown in Fig. 2, vibration of the compressor 210 can be transmitted to the
discharge line 220b, for example, by two pathways: one is through the first stabilizing
member 252a to the vibration isolation conduit 260 and then to the second stabilizing
member 252b; and another one is through the first stabilizing member 252a to the
structural supporting member 255 and then to the second stabilizing member 252b. As
illustrated below, vibration isolation mechanisms are incorporated in both pathways to
isolate the vibration of the compressor 210 from the pipe 220b. Therefore, at least a
portion of the vibration of the compressor 210 is not transmitted to the discharge line

220b, resulting in vibration reduction in the discharge line 220b.
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In some embodiments, the vibration isolation apparatus may be configured to only
have one stabilizing member. The stabilizing member may be configured to be attached
to the compressor via one or more structural supporting members so that the vibration
isolation conduit is flanked by the compressor and the stabilizing member.

It is to be appreciated that the vibration isolation apparatus 250 can also be used
between the low pressure suction pipe 220a and the compressor inlet 211, or generally
anywhere along a refrigerant line(s) of an air conditioning system. It is also to be
appreciated that the applications of the vibration isolation apparatus as described herein
are not limited to a compressor of an air conditioning system. The vibration isolation
apparatus can generally be used in any flow passage that requires vibration isolation. The
vibration isolation apparatus may be particularly suitable for a flow passage that bears a
relatively high flow pressure and/or stress load.

Referring to Figs. 3A to 3F, another embodiment of a vibration isolation
apparatus 350 is illustrated. As shown in Fig. 3A, the vibration isolation apparatus 350
can have a first stabilizing member 352a and a second stabilizing member 352b. In some
embodiments, the first and second stabilizing members 352a and 352b may be two metal
flanges. The first stabilizing member 352a may be configured to be connected to a high
pressure outlet, e.g. the high pressure outlet 212 of the compressor 210 as shown in Fig. 2.
The second stabilizing member 352b may be configured to be connected to a refrigerant
line, e.g. the discharge line 220b as shown in Fig. 2. The two stabilizing members 352a
and 352b are connected by at least one structural supporting member 355. In some
embodiments, the structural supporting member 355 may be a metal tie rod. In some
embodiments, the structural supporting member 355 can withstand a stress load of at least
about 1500 psi to 6000 psi to a cross-section of a conduit, such as the vibration isolation
conduit 260 as illustrated in Fig. 2.

A vibration isolation conduit 360 is situated between the two stabilizing members
352a and 352b. The stabilizing members 352a and 352b are configured to have center
openings 361a and 361b respectively. The center openings 361a and 361b receive
respective ends of the conduit 360 and are generally coaxial and in fluid communication
with the vibration isolation conduit 360. At least a portion of the vibration isolation

conduit 360 is configured to be convoluted and has at least one convoluted structure 365.
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As discussed above, the vibration of the compressor can be transmitted between
the first stabilizing member 352a to the second stabilizing member 352b by two pathways:
the first one is between the first stabilizing member 352a, the vibration isolation conduit
360 and the second stabilizing member 352b; and the second one is between the first
stabilizing member 352a, the structural supporting member 355 and the second
stabilizing member 352b.

Referring now to Fig. 3B, a cross section view from line B-B as shown in Fig. 3A
is illustrated. The two stabilizing members 352a and 352b are connected to each other by
the structural supporting members 355. The center openings 361a and 361b of the first
stabilizing member 352a and the second stabilizing member 352b respectively are
coupled to and coaxial with a first opening 366a and a second opening 366b of the
vibration isolation conduit 360, and are in fluid communication with the vibration
isolation conduit 360. In the illustrated embodiment, the first opening 366a is configured
to be closer to the compressor, while the second opening 366b is configured to be closer
to the discharge line when installed in an air conditioning system. When the vibration
isolation apparatus 350 is installed in an air conditioning system, the first stabilizing
member 352a for example is configured to be connected to a compressor and the second
stabilizing member 352b is configured to be connected to a discharge line. The
refrigerant can flow from the compressor to the discharge line through the vibration
isolation conduit 360.

The vibration isolation conduit 360 can have multiple sections: end sections 368a
and 368D, and a middle section 368c. In the embodiment shown, a portion of the end
sections 368a and/or 368D is convoluted and has at least one convoluted structure 365. In
the embodiment shown, the middle section 368c is configured to be a straight (non-
convoluted) tube connecting the end sections 368a and 368b. In some embodiments, the
middle section 368c may be configured to be convoluted, while the end sections 368a
and/or 368b may be not convoluted.

It is to be noted that the vibration isolation conduit 360 does not have to be a
multi-section construction. In some embodiments, the vibration isolation conduit 360 can
have a one-piece construction, at least a portion of which is configured to be convoluted.

The multiple-section construction may help simplify a manufacturing process of the
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vibration isolation conduit 360, because making each section separately may be easier
than making the whole vibration isolation conduit 360 as one piece. In some
embodiments, the straight middle section 368c can help the vibration isolation conduit
360 to withstand a high stress/pressure load to a cross section of the vibration isolation
conduit 360, such as about 1500 psi. In some embodiments, the end sections 368a and
368D can be configured to have the same convoluted structure. In some other
embodiments, the end sections 368a and 368b can be configured to have different
convoluted structures. In addition, the length of the middle section 368c can vary.
Furthermore, the end sections 368a and 368b and the middle section 368¢ can be made of
different materials and/or different number of layers of materials, such as metal layers.
Therefore, the multi-section construction can also help increase the configuration
variations of the vibration isolation conduit 360 to fit for different purposes.

An enlarged view of an area C of Fig. 3B is illustrated in Fig. 3C. A portion of
the junction between the end section 368b and the middle section 368c¢ is shown. An end
369 of the middle section 368c can be configured to have a sloped structure 369a that
forms an inward ramp from an opening of the end 369. A rounded portion 369b is
configured to connect the sloped structure 369a to an internal surface 370 of the middle
section 368c. The sloped structure 369a and the rounded portion 369b may help create a
smooth surface for a refrigeration flow so as to reduce pressure drop in the refrigerant
flow when the refrigerant flows through the middle section 368b during operation.

Referring now to Fig. 3D, a perspective view of the vibration isolation conduit
360 is illustrated. As discussed above, the vibration isolation conduit 360 generally has
the first opening 366a and the second opening 366b. The first opening 366a and second
opening 366b generally have a circular profile. Diameters of the first opening 366a and
second opening 366b can be the same or be different. The end sections 368a and 368b
are configured to have at least one convoluted structure 365 each. In the illustrated
embodiment, the end sections 368a and 368b have three convoluted structures each. The
convoluted structures 365 can have more room to expand along a center axis X than the
non-convoluted portion of the end sections 368a and 368b. In addition, the convoluted
structures can travel laterally to the center axis X. Therefore, the convoluted structures

are more flexible than a non-convoluted structure. When vibration is transmitted to the
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vibration isolation conduit 360, the vibration can cause deformation, such as compression,
extension and lateral movements, of the convoluted structures. The flexibility of the
convoluted structures 365 may help prevent vibration being transmitted through the
vibration isolation conduit 360 by storing and dissipating the vibration energy in the
convoluted structures 365.

It is to be noted that the convoluted structures 365 is just one exemplary
embodiment. The general principle is that at least a portion of the end sections 368a and
368D can be deformed (including compression, expansion and/or lateral movements)
when being vibrated. For example, the end sections 368a and 368b can be made of an
clastic material without any convoluted structures, and vibration can cause deformation
of the elastic material. In some other embodiments, the vibration isolation conduit 360
can be configured to have a convoluted middle section that is flanked by two non-
convoluted end sections. (Not shown.)

The material and structure of the non-convoluted middle section 368c can be
different from the end sections 368a and 368b. For example, the end sections 368a and
368b can be made of multiple layers of metal, such as copper or steel. This multiple-
layered structure may help increase the flexibility of the end sections 368a and 368D, as
well as maintaining a structural strength and providing damping to the convoluted
structure 365. The middle section 368c can be configured to be rigid. For example, the
middle section 368c can be configured to be a rigid steel tube.

Referring now to Fig. 3E, an end view of the vibration isolation apparatus 350 is
shown. It is to be noted that the other end view of the vibration isolation 350 may have a
similar configuration as the end view shown in Fig. 3E. The first stabilizing member
352a has a center opening 361a that is generally coaxial with the first opening 366a of the
vibration isolation conduit 360. The first stabilizing member 352a can be mounted to the
compressor high pressure outlet 212 (as shown in Fig. 2) by a suitable mounting method,
for example by screws 371. The first stabilizing member 352a (as well as the second
stabilizing member 352b that is not shown) has a plurality of corners 375. In the
illustrated embodiment, the first stabilizing member 352a has four corners 375. Each of
the corners 375 has an isolation member cavity 378 that is configured to accept a

vibration isolation member (as shown in Fig. 3F described below). The structural
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supporting member 355 is also generally positioned in a center of the vibration isolation
member cavity 378. An end cap 380 is connected to the structural supporting member
355.

A cross section at line F-F on Fig. 3E is illustrated in Fig. 3F. Both of the first
stabilizing member 352a and the second stabilizing member 352b have a vibration
isolation member cavity 378. A vibration isolation member 382 is generally received by
the vibration isolation member cavity 378. The vibration isolation member 382 has a
center bore 384 that is configured to accept the structural supporting member 355. The
structural supporting member 355 may be a metal tie rod or any other suitable rigid
structures. As illustrated, the structural supporting member 355 passes through the center
bore 384 of the vibration isolation member 382 and is attached to the end cap 380. The
end cap 380 can have a center hole with a thread, which can be bolted onto a matching
thread on the structural supporting member 355. The end caps 380 press against the first
ends 386a of the vibration isolation members 382 of the stabilizing members 352a and
352b.

A holding device, such as a washer 389 and a nut 388 can be configured to press
against second ends 386b of the vibration isolation member 382. The structural
supporting member 355 can have two ends, 355a and 355b; and each of the two ends can
be configured to have threads, and the nut 388 can be configured to bolt to the threads
and push the washer 389 against the second end 386b of the vibration isolation member
382. The end caps 380 and the holding devices can be tightened toward each other and
press the vibration isolation members 382 against the stabilizing members 352a and 352b.
In such a way, the end caps 380 and the holding devices (e.g. the washer 389 and the nut
388) can brace the vibration isolation member 382. In some embodiment, a spacer 390
can be positioned between the vibration isolation members 382 and the stabilizing
members 352a and/or 352b. In some embodiments, the spacer 390 can help fill in a space
between the isolation members 382 and the stabilizing members 352a and 352b. In some
embodiments, by using the spacer 390, a thickness of the stabilizing members 352a and
352b can be changed without changing the isolation members 382.

It is noted that the end caps 380 may at least partially be received in the vibration

isolation member cavity 378 of the stabilizing members 352a and 352b as illustrated in
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Fig. 3F. However, the end caps 380 do not generally contact the first stabilizing member
352a and/or the second stabilizing member 352b directly. As shown in Fig. 3F, the end
caps 380 have a space 391 between a side wall of the end caps 380 and an inner side wall
of the vibration isolation member cavities 378. The space 391 can prevent vibration
from being transmitted from the stabilizing member 352b to the end cap 380 directly.
Further, as shown in Fig. 3F, the end caps 380 have a space 392 between a bottom of the
end caps 380 and a shoulder of the vibration isolation member cavities 378. The spaces
391, 392 can allow a certain degree of play for the end caps 380 during operation. For
example, an increase of a stress load in the conduit 360 as shown in Fig. 3A can cause the
space 392 to decrease. On the other hand, if the stress load (or pressure load) in the
conduit 360 increases to a level so that the shoulders of the vibration isolation member
cavities 378 of the stabilizing members 352a and 352b contact the end caps 380, the
stress load (or pressure load) can be fully supported by the structural supporting member
355.

The vibration isolation member 382 can be made of an clastic material, such as
rubber, neoprene, etc. By holding the stabilizing members 352a and 352b with the
structural supporting member 355 and isolating the structural supporting member 355
from the stabilizing members 352a and 352b by the vibration isolating members 382, the
vibration of the stabilizing members 352a, 352b and the structural supporting member
355 are isolated from each other by the vibration isolation members 382. At least some
of the vibration of either the stabilizing member 352a or 352b can be impeded by the
vibration isolation member 382 before the vibration is transmitted to the other stabilizing
member.

Referring back to Fig. 3A, the vibration isolation conduit 360 may expand if the
flow flowing through the conduit 360 is pressurized. However, as shown in Fig. 3F, the
stabilizing members 352a and 352b are braced by the end caps 380 that are connected by
the structural supporting member 355. The structural supporting member 355 has a
length 1. The arrangement of the structural supporting member 355 and the stabilizing
members 352a and 352b can restrict the expansion of the conduit 360 along the direction

of the length . Consequently, the structure of the vibration isolation conduit 360
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including the convoluted structure 365 can be retained, and the expansion of the vibration
isolation conduit 360 as show in Fig. 3A under pressure can be limited within the length 1.

As mentioned earlier, the pressure of the refrigerant at the outlet 212 of the
compressor 210 as shown in Fig. 2 can be relatively high, for example about 350psi. The
convoluted structure 365 as shown in Fig. 3B may fail to withstand the high pressure of
the compressed refrigerant by itself, and may expand (such as expand axially) under the
pressure. The structural supporting members 355 may be configured to withstand the
pressure of the refrigerant and hold the stabilizing members 352a and 352b in position
and retain and/or enhance the structure of the convoluted structure 365 under the pressure
of the refrigerant to limit the expansion of the convoluted structure 365.

The embodiment shown in Figs. 3A to 3F generally have two vibration isolation
members 382 for each of the structural supporting members 355. It is to be noted that in
some embodiments, only one vibration isolation member is needed for each of the
structural supporting members. In these embodiments, one end of each of the structural
supporting members is isolated from one of the stabilizing members by the vibration
isolation member. The other end of each of the structural supporting members can be
attached to the other stabilizing member directly without using the vibration isolation
member.

Figs. 4A to 4C illustrate other exemplary embodiments of the vibration isolation
member. As shown in Fig. 4A, a stabilizing member 452a can have a hole 478a that is
configured to accept a vibration isolation member 482a. An outer end 486a-a of the
vibration isolation member 482a may be pushed against an outer surface 491a-a of the
stabilizing member 452a by a bottom of an end structure 480a. An inner end 486a-b of
the vibration isolation member 482a may be pushed against an inner surface 491a-b of
the stabilizing member 452a by a holding device, e.g. a washer 488a and a nut 489a. The
nut 489a can be bolted on a thread of a structural supporting member 455a. Tightening
the holding device 488a against the vibration isolation member 482a can push the outer
end 486a-a and the inner end 486a-b against the outer surface 491a-a and the inner
surface 491a-b respectively. The stabilizing member 452a is therefore supported by the
vibration isolation member 482a. The vibration isolation member 482a can also isolate

the structural supporting member 455a from the stabilizing member 452a.
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The vibration isolation member 482a also has an internal sleeve 493 running
through a center hole of the vibration isolating member 482a. The internal sleeve 493
can be made of a solid material, for example, metal. The end structure 480a and the
washer 488a can be tightened to contact the internal sleeve 493. A length of the internal
sleeve 493 can vary to control a compression of the vibration isolation member 482a
when the end structure 480a and the washer 488a are tightened against the internal sleeve
493.

The vibration isolation member 482a can be made from neoprene, natural rubber,
silicone, blended rubber, etc. In some embodiments, the vibration isolation member may
be configured so that an axial stiffness is about the same as a radial stiffness. In some
embodiments, the vibration isolation member may be configured to withstand a
temperature of at least about 230F.

The vibration isolation member may have different configurations. As illustrated
in Fig. 4B, the outer end 486b-a of a vibration isolating member 482b may be generally
“T” shaped. An internal space 491b of the inner end 486b-b may have an ear portion
492b. In operation, when the inner end 486b-b is pressed against the inner surface 491a-
b of the stabilizing member 452a as shown in Fig. 4A, the ear portion 492b may form an
internal air chamber inside the inner end 486b-b, which may help impede vibrations.

In another embodiment of a vibration isolation member 482¢ as shown in Fig. 4C,
the internal space 491c of an inner end 486¢-b may have a substantially similar diameter
as an internal space 495¢ of the outer end 486¢-a.

In yet another configuration as shown in Fig. 4D, a vibration isolating member
482d can be configured to have two separate portions, 485a and 485b. The two portions
485a and 485b have a center hole 478a and 478D respectively, which can be aligned. The
two portions 485a and 485b can have different configurations, which may help increase a
design flexibility of the vibration isolating member 482d.

In some embodiments, an internal sleeve, such as the sleeve 493 as illustrated Fig.
4A, may be equipped to center holes (e.g. center holes 478a and 478b) of the isolating
members.

As illustrated in Fig. 5, a stabilizing member 552 of another embodiment of

vibration isolation apparatus 500 does not have to have four corners. The stabilizing
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member 552 can have less than four corners, such as three corners as illustrated in Fig. 5.
Configurations of other features, such as a conduit, structural supporting members, and/or
isolating members may be similarly constructed as in the embodiment as illustrated in Fig.
3A. Each corner may be configured to support one structural supporting member. In
other configurations, the stabilizing member 552 may have more than four corners, such
as a hexagonal shape. In some embodiments, the stabilizing member may have other
geometries.

Referring back to Figs. 2 and 3A, during installation of an air conditioning system
the first stabilizing member 252a (or 352a, or 452a) can be attached to the compressor
outlet 212, and the second stabilizing member 252b (or 352b, or 452b) can be attached to
the discharge line 220b.

When the compressor 210 is in operation, low pressure refrigerant may flow to
the compressor 210 from the refrigerant inlet 211. The low pressure refrigerant may be
compressed by the compressor 210, and may flow out of the refrigerant outlet 212.
During this process, vibration can be generated by the compressor 210, and the pressure
of the refrigerant pressure can be increased by the compressor 210.

Referring now to Figs. 3B and 3F, it will be appreciated the first stabilizing
member 352a may be configured to be attached to a compressor, and the second
stabilizing member 352b may be configured to be attached to a refrigerant line, such as a
suction line or a discharge line. As discussed above, the vibration of the compressor may
be transmitted to the refrigerant lines, such as pipes via either the stabilizing member
352a-the structural supporting member 355-the stabilizing member 352b pathway or the
stabilizing member 352a-the vibration isolation conduit 360-the stabilizing member 352b
pathway. Because the vibration isolation conduit 360 may be configured to have the
relatively flexible convoluted structure 365, the vibration of the compressor can at least
be partially impeded by the flexible convoluted structure 365. In addition, the stabilizing
members 352a and 352b may have a relative high weight compared to the conduit 360.
In some embodiments, the stabilizing members 352a and 352b may be about 40-50 1bs.
The weight of the first stabilizing member 352a and second stabilizing member 352b can
help impede at least a portion of the vibration generated by the compressor.

Consequently, at least a portion of the vibration of the compressor is not transmitted to



10

15

20

25

30

WO 2014/011870 PCT/US2013/050065

16

the discharge line through the pathway including the stabilizing member 352a, the
vibration isolation conduit 360, and the second stabilizing member 352b. It is to be noted
that in some embodiments the weight of the first stabilizing member 352a can be
different from the second stabilizing member 352b, so that the two stabilizing members
can impede different frequencies of vibration. In some embodiments, the weight of the
stabilizing members 352a and 352b can be the same.

To prevent vibration from transmitting from the compressor to the refrigerant line
to other components through the stabilizing member 352a-the structural supporting
member 355-the stabilizing member 352b pathway, as illustrated in Fig. 3F, the structural
supporting member 355 is mounted to the first stabilizing member 352a and the second
stabilizing member 352b through the vibration isolation members 382. Therefore the
structural supporting member 355 is isolated from the first stabilizing member 352a and
the second stabilizing member 352b by the vibration isolation members 382. A portion
of the vibration of the first stabilizing member 352a can be impeded by the vibration
isolation member 382 before the vibration being transmitted to the second stabilizing
member 352b. Consequently, the second stabilizing member 352b can be at least
partially isolated from the vibration of the first stabilizing member 352a.

Referring to Fig. 3B, as discussed above, the vibration of the compressor may be
attenuated by the vibration isolation conduit 360 and first stabilizing member 352a and
the second stabilizing member 352b. As shown in Fig. 3F, the vibration of compressor
may also be attenuated by the vibration isolation members 382. Therefore, the vibration
of the compressor can be at least partially be reduced by the vibration isolation apparatus
350 before being transmitted to the pipe. Furthermore, the structure of the conduit 360 of
the vibration isolation apparatus 350 may be retained and/or enhanced by the structural
supporting members 355 so as to withstand the pressure of the compressed refrigerant out
of the compressor.

In some embodiments, a chiller system that is equipped with a vibration isolation
apparatus similar to the vibration isolation apparatus 350 as shown in Fig. 3 between a
compressor and a discharge line can reduce an operation noise level by about 10-15 dB,

for example, compared to a chiller system without such a vibration isolation apparatus.
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It is to be noted that the embodiments described herein are exemplary. The
vibration isolation apparatus may generally include a combination of a vibration
impeding structure and a structure to retain and/or enhance the structural strength of the
vibration impeding structure. Generally, the vibration impeding structure may be a
flexible material or structure. A vibration impeding structure may also include a weight
to further impede the vibration energy transmission. However, generally the vibration
impeding structure, because of its flexibility, may not be able to withstand the high
pressure of the compressed refrigerant and can expand under the pressure. A structural
supporting member may be coupled to the vibration impeding structure to limit the
expansion of the vibration impeding structure so as to help the vibration impeding
structure withstand the pressure. The structural supporting member may be generally
rigid and generally can withstand the pressure of the compressed refrigerant. The
structural supporting member may be coupled to the vibration impeding structure through
a vibration isolation member.

Any aspects 1-3 can be combined with any aspects 4-20. Aspect 4 can be
combined with any aspects 5-20. Any aspects 5-10 can be combined with any aspects
11-20. Any aspects 11-13 can be combined with any aspects 14-20. Any aspects 14-16
can be combined with any aspects 17-20. Aspect 17 can be combined with any aspects
18-20.

Aspect 1. A vibration isolation apparatus comprising:

a conduit having a first opening and a second opening forming a flow passage
therebetween, at least a portion of the conduit being convoluted;

a first stabilizing member attached to the conduit proximate the first opening;

a second stabilizing member attached to the conduit proximate the second
opening;

at least one structural supporting member having a first end and a second end; and

a first vibration isolation member attached to the first end and a second vibration
isolation member attached to the second end of the at least one structural supporting
member,

wherein the first end of the at least one structural supporting member is isolated

from the first stabilizing member by the first vibration isolation member, and the second
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end of the at least one structural supporting member is isolated from the second
stabilizing member by the second vibration isolation member.

Aspect 2. The vibration isolation apparatus of aspect 1, wherein the first stabilizing
member has a first vibration isolation member cavity and the first vibration isolation
member is at least partially received by the first vibration isolation member cavity, and
the second stabilizing member has a second vibration isolation member cavity and the
second vibration isolation member is at least partially received by the second vibration
isolation member cavity.

Aspect 3. The vibration isolation apparatus of aspects 1-2, wherein the first end of the at
least one structural supporting member is connected to a first end cap, and the second end
of the at least one structural supporting member is connected to a second end cap, the
first and second end caps brace the first and second stabilizing members.

Aspect 4. A vibration isolation apparatus comprising:

a convoluted flow passage and a stabilizing member that are configured to impede
vibration along a vibration path defined by the convoluted flow passage and the
stabilizing member;

a structural supporting member; and

a vibration isolating member;

wherein the convoluted flow passage and the stabilizing member are retained by
the structural supporting member, and the vibration isolation member is configured to
isolate the structural supporting member from the stabilizing member and the convoluted
flow passage.

Aspect 5. An air conditioning system comprising:

a compressor having a refrigerant outlet;

a pipe configured to carry refrigerant;

a vibration isolation apparatus having a first stabilizing member and a second
stabilizing member, the first stabilizing member connected to the refrigerant outlet and
the second stabilizing member connected to the pipe;

a flow passage in fluid communication with the refrigerant outlet and the pipe, at
least a portion of the flow passage is convoluted, the flow passage situated between the

first stabilizing member and the second stabilizing member;
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a first vibration isolation member; and

a structural supporting member situated between the first stabilizing member and
the second stabilizing member,

wherein the structural supporting member has a first end and a second end,
the first end is attached to the first stabilizing member by the first vibration isolation
member.
Aspect 6. The air conditioning system of aspect 5 further comprising,
a second vibration isolation member,

wherein the second end of the structural supporting member is attached to the
second stabilizing member by the second vibration isolation member.
Aspect 7. The air conditioning system of aspects 5-6, wherein the first stabilizing
member has a first vibration isolation cavity to accept the first vibration isolation member,
and a second vibration isolation cavity to accept the second vibration isolation member.
Aspect 8. The air conditioning system of aspects 5-7, wherein the first end of the
structural supporting member is attached to an end cap and a holding member, the end
cap and the holding member press the first vibration isolating member against the first
stabilizing member.
Aspect 9. The air conditioning system of aspects 5-8, wherein the flow passage includes
a non-convoluted section.
Aspect 10. The air conditioning system of aspects 5-9 further comprising a second
vibration isolation apparatus,

wherein the compressor has an inlet, and the second vibration isolation apparatus
is attached to the inlet of the compressor.
Aspect 11. A method of isolating vibration through a flow passage structure comprising;:

directing vibration through a convoluted conduit;

retaining the convoluted conduit with a structural supporting member; and

isolating the structural supporting member from the convoluted conduit and the
stabilizing member by a vibration isolation member.
Aspect 12. The method of isolation vibration of aspect 11 further comprising:

stabilizing the convoluted conduit with a stabilizing member;
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Aspect 13. The method of isolating vibration of aspects 11-12 further comprising:
connecting the convoluted conduit to an outlet of a compressor of a refrigeration system.
Aspect 14. A vibration isolation apparatus comprising:

a conduit having a first opening and a second opening forming a flow passage
therebetween, at least a portion of the conduit being convoluted;

a first stabilizing member attached to the conduit proximate the first opening;

at least one structural supporting member having a first end and a second end; and

a first vibration isolation member attached to the first end of the at least one
structural supporting member,

wherein the first end of the at least one structural supporting member is isolated
from the first stabilizing member by the first vibration isolation member.
Aspect 15. The vibration isolation apparatus of aspect 14 further comprising:

a second stabilizing member, wherein the second stabilizing member is attached
to the second end of the at least one structural supporting member.
Aspect 16. The vibration isolation apparatus of aspect 15 further comprising a second
vibration isolation member, wherein the second end of the at least one structural
supporting member is isolated from the second stabilizing member by the second
vibration isolation member.
Aspect 17. A vibration isolation apparatus of a compressor in a HVAC system,
comprising:

a vibration impeding structure configured to receive a refrigerant compressed by a
compressor of the HVAC system; and

a supporting structure configured to retain the vibration impeding structure when
the vibration impeding structure receives the refrigerant compressed by the compressor of
the HVAC system.
Aspect 18. A vibration isolation apparatus of a compressor in a HVAC system,
comprising:

a convoluted flow passage;

a stabilizing member attached to the convoluted flow passage; and

a structural supporting member;
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wherein the stabilizing member is configured to impede vibration along a
vibration path defined by the convoluted flow passage and the stabilizing member, and
the convoluted flow passage and the stabilizing member are retained by the structural
supporting member.
Aspect 19. The vibration isolation apparatus of aspect 18, wherein the convoluted flow
passage is configured to receive a refrigerant compressed by a compressor of the HVAC
system; and the structure supporting member is configured to retain the convoluted flow
passage when the convoluted flow passage receives the refrigerant compressed by the
compressor of the HVAC system.
Aspect 20. The vibration isolation apparatus of aspects 18-20, further comprising

a vibration isolating member;

wherein the vibration isolation member is configured to isolate the structural

supporting member from the stabilizing member and the convoluted flow passage.

With regard to the foregoing description, it is to be understood that changes may
be made in detail, especially in matters of the construction materials employed and the
shape, size and arrangement of the parts without departing from the scope of the present
invention. It is intended that the specification and depicted embodiment to be considered
exemplary only, with a true scope and spirit of the invention being indicated by the broad

meaning of the claims.
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CLAIMS

What claimed is:
1. A vibration isolation apparatus comprising:

a conduit having a first opening and a second opening forming a flow passage
therebetween, at least a portion of the conduit being convoluted;

a first stabilizing member attached to the conduit proximate the first opening;

a second stabilizing member attached to the conduit proximate the second
opening;

at least one structural supporting member having a first end and a second end; and

a first vibration isolation member attached to the first end and a second vibration
isolation member attached to the second end of the at least one structural supporting
member,

wherein the first end of the at least one structural supporting member is isolated
from the first stabilizing member by the first vibration isolation member, and the second
end of the at least one structural supporting member is isolated from the second

stabilizing member by the second vibration isolation member.

2. The vibration isolation apparatus of claim 1, wherein the first stabilizing member has a
first vibration isolation member cavity and the first vibration isolation member is at least
partially received by the first vibration isolation member cavity, and the second
stabilizing member has a second vibration isolation member cavity and the second
vibration isolation member is at least partially received by the second vibration isolation

member cavity.

3. The vibration isolation apparatus of claim 1, wherein the first end of the at least one
structural supporting member is connected to a first end cap, and the second end of the at
least one structural supporting member is connected to a second end cap, the first and

second end caps brace the first and second stabilizing members.

4. A vibration isolation apparatus comprising:
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a convoluted flow passage and a stabilizing member that are configured to impede
vibration along a vibration path defined by the convoluted flow passage and the
stabilizing member;

a structural supporting member; and

a vibration isolating member;

wherein the convoluted flow passage and the stabilizing member are retained by
the structural supporting member, and the vibration isolation member is configured to
isolate the structural supporting member from the stabilizing member and the convoluted

flow passage.

5. An air conditioning system comprising:

a compressor having a refrigerant outlet;

a pipe configured to carry refrigerant;

a vibration isolation apparatus having a first stabilizing member and a second
stabilizing member, the first stabilizing member connected to the refrigerant outlet and
the second stabilizing member connected to the pipe;

a flow passage in fluid communication with the refrigerant outlet and the pipe, at
least a portion of the flow passage is convoluted, the flow passage situated between the
first stabilizing member and the second stabilizing member;

a first vibration isolation member; and

a structural supporting member situated between the first stabilizing member and
the second stabilizing member,

wherein the structural supporting member has a first end and a second end,
the first end is attached to the first stabilizing member by the first vibration isolation

member.

6. The air conditioning system of claim 5 further comprising:
a second vibration isolation member,
wherein the second end of the structural supporting member is attached to the

second stabilizing member by the second vibration isolation member.
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7. The air conditioning system of claim 6, wherein the first stabilizing member has a first
vibration isolation cavity to accept the first vibration isolation member, and a second

vibration isolation cavity to accept the second vibration isolation member.

8. The air conditioning system of claim 5, wherein the first end of the structural
supporting member is attached to an end cap and a holding member, the end cap and the
holding member press the first vibration isolating member against the first stabilizing

member.

9. The air conditioning system of claim 5, wherein the flow passage includes a non-

convoluted section.

10. The air conditioning system of claim 5 further comprising:
a second vibration isolation apparatus,
wherein the compressor has an inlet, and the second vibration isolation apparatus

is attached to the inlet of the compressor.

11. A method of isolating vibration through a flow passage structure comprising;:
directing vibration through a convoluted conduit;
retaining the convoluted conduit with a structural supporting member; and
isolating the structural supporting member from the convoluted conduit and the

stabilizing member by a vibration isolation member.

12. The method of isolation vibration of claim 11 further comprising:

stabilizing the convoluted conduit with a stabilizing member;
13. The method of isolating vibration of claim 11 further comprising:
connecting the convoluted conduit to an outlet of a compressor of a refrigeration

System.

14. A vibration isolation apparatus comprising:
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a conduit having a first opening and a second opening forming a flow passage
therebetween, at least a portion of the conduit being convoluted;

a first stabilizing member attached to the conduit proximate the first opening;

at least one structural supporting member having a first end and a second end; and

a first vibration isolation member attached to the first end of the at least one
structural supporting member,

wherein the first end of the at least one structural supporting member is isolated

from the first stabilizing member by the first vibration isolation member.

15. The vibration isolation apparatus of claim 14 further comprising:
a second stabilizing member, wherein the second stabilizing member is attached

to the second end of the at least one structural supporting member.

16. The vibration isolation apparatus of claim 15 further comprising:
a second vibration isolation member, wherein the second end of the at least one
structural supporting member is isolated from the second stabilizing member by the

second vibration isolation member.

17. A vibration isolation apparatus of a compressor in a HVAC system, comprising:

a vibration impeding structure configured to receive a refrigerant compressed by a
compressor of the HVAC system; and

a supporting structure configured to retain the vibration impeding structure when
the vibration impeding structure receives the refrigerant compressed by the compressor of

the HVAC system.

18. A vibration isolation apparatus of a compressor in a HVAC system, comprising:
a convoluted flow passage;
a stabilizing member attached to the convoluted flow passage; and
a structural supporting member;
wherein the stabilizing member is configured to impede vibration along a

vibration path defined by the convoluted flow passage and the stabilizing member, and
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the convoluted flow passage and the stabilizing member are retained by the structural

supporting member.

19. The vibration isolation apparatus of claim 18, wherein the convoluted flow passage is
configured to receive a refrigerant compressed by a compressor of the HVAC system;
and the structure supporting member is configured to retain the convoluted flow passage
when the convoluted flow passage receives the refrigerant compressed by the compressor

of the HVAC system.

20. The vibration isolation apparatus of claim 18, further comprising
a vibration isolating member;
wherein the vibration isolation member is configured to isolate the structural

supporting member from the stabilizing member and the convoluted flow passage.
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