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Nuchereno BACKGROUND  [0001] The field of this
invention is compressors packaged with lubrication
systems  that typically include a lubricant reservoir,
circulation equipment, cooling equipment,  filtration
equipment and associated controls, for example. [0002]
Typically, compressors are packaged in one or more
skids to reduce  installation time in the field. A
typical assembly for a multi-stage centrifugal
compressor package will include the compressors and
the intercoolers for the  compressed gas, a
lubrication system for the compressors, as well as a
drive system  and associated gearbox to drive the
various stages, for example. These assemblies  can
also feature redundant equipment so that maintenance
can go on with the  compressor running. For example,
in the lubrication system there can be dual
circulation pumps, coolers, filters and associated
controls. Even if prepackaged by  the original
equipment manufacturer, the lubrication system has
literally hundreds of  connections to complete the
lubrication piping as well as the coolant piping and
the  associated instrumentation and control
connections. Apart from the issue of the  sheer number
of connections is the question of how much space is
taken up by  various components. Frequently, because
of shipping requirements to remote  locations, the
physical size and footprint of the overall package and
its components  are factors. Moreover, such concerns
arise not only during transport but also because  of
space constraints at the ultimate destination. This is
particularly the,case in an  offshore rig environment.



[0003] Some space saving advances have been made.
Figure I illustrates a prior  design showing an oiI
tank 10 and two shell and tube oil coolers 12 and 14
and an oil  pump 16. Just some of the interconnecting
piping is shown in this view. While  some space has
been saved in more recent modules by replacing the
shell and tube  coolers with brazed plate designs that
take up considerably less volume, the number  I WO
2007/098059 PCT/US2007/004205  of connections has not
been markedly reduced, and opportunities exist to
economize  on space and reduce the number of
connections. SUMMARY OF THE INVENTION [0004] In
accordance with certain embodiments, the present
invention addresses  such issues and, as those skilled
in the art will appreciate, provides solutions for
rapid assembly with fewer connections while packaging
the components in a smaller  occupied volume. These
features will be readily understood by a review of the
description of exemplary embodiments and the drawings
that illustrate them, as well  as by a review of the
associated claims that define various aspects of the
invention.  [0005] By way of example, the present
invention provides a modular approach to a
lubrication package. Certain components such as the
filter and cooler are directly  connected to a block
that has connections to accept them and internal
porting to  establish the proper flow paths for
circulation, cooling and filtration of the circulating
lubricant. The block can accept one or more coolers
and one or more filters. The  isolation valving for
redundant equipment can also be integrated into the
block.  Many connections that had been used in past
designs for the piping network are  integrated into
the block. The block can also be close mounted to the
reservoir while  a submersible pump further saves
space and piping connections. 



BRIEF DESCRIPTION OF THE DRAWINGS [0006] These and
other features, aspects, and advantages of the present
invention  will become better understood when the
following detailed description is read with  reference
to the accompanying drawings in which like characters
represent like parts  throughout the drawings,
wherein: [0007] Figure 1 is a plan view of a prior art
lubricant circulation system showing the  myriad
connections and the space occupied; [0008] Figure 2
shows an exemplary block of the present invention used
with  tandem coolers and filters, in accordance with
an embodiment of the present  invention; 2 WO
2007/098059 PCT/US2007/004205  [0009] Figure 3 shows
an exemplary block of the present invention with a
single  -cooler and filter, in accordance with an
embodiment of the present invention;  [0010] Figure 4
shows an exemplary block of the present invention with
a single  cooler and dual filters, in accordance with
an embodiment of the present invention;  [0011] Figure
5 shows the block of Figure 2 mounted to a lubricant
tank having a  submersible pump within and supported
from a common plate as the block; and  [0012] Figure 6
illustrates a transparent view of an exemplary block
for receiving  various components, in accordance with
an embodiment of the present invention.  DETAILED
DESCRIPTION [0013] Turning to Figure 2, this figure
illustrates an exemplary block 20 that has  been
appropriately produced to include internal passages to
properly route lubricant  or coolant therethrough and
in the proper order to the connected components. There
are two filters 22 and 24 that are directly mounted to
the block with a gasket (not  



shown) that can be on the filter or on the block. The
mounting method, for example,  can be a spin on
technique where the block features a threaded nipple
that the filters  22 or 24 spin onto. In doing the
filter mounting this way, interconnecting piping that
used to connect the filters to the other components in
the lubrication package will be  eliminated. A valve
that isolates one filter and lines up the other,
preferably with a  90 degree turn of a handle 26
extending from multi-port valves (not shown) can be
used to block an inlet and outlet to one filter, such
as 22, so it can be pulled off the  block 20 while the
spare 24 is put in service. With proper alignment of
multi-port  valves in block 20, a 90 degree rotation,
for instance, can quickly switch flow  between filters
with no piping external to block 20. [0014] The
coolers 27 and 28 are shown flush mounted to block 20.
Figure 3 shows  how they can be connected quickly.
Here a cooler 30 has four extending bosses 32,  34,
36, and 38. Each boss has a ring gasket (not shown) at
its upwardly oriented face  for ultimate contact with
a recessed sealing surface (not shown) in the block
40. A  typical boss such as 38 can have a recess or a
flat 42 so that when the cooler 30 is  fully advanced
into the block 40 the retaining rod 44 can be advanced
to engage the  recess or flat 42 to hold the cooler 30
securely to the block 40. Those skilled in the 3 WO
2007/098059 PCT/US2007/004205  art will appreciate
that there are alternative ways to secure the cooler
30 to the block  40. The unique feature is that they
slide together with no interconnecting piping. That
way they fit up fast, take less space and provide
fewer joints for potential leakage.  [0015] Referring
back to Figure 2, when there are multiple coolers 27
and 28,  handles 46 and 48 can with a quarter turn
operate tandem valves respectively on the  oil side
and the coolant side of the coolers 27 and 28 to put
either one or the other in  



service and to allow the other one to be physically
removed with lubricant and  coolant still circulating,
for instance. Here again the valving between the
coolers is  internal to the block and is simple to
operate for a change over and involves less  space and
fewer connections than packaged designs in the past.
[00161 Another feature is the incorporation of the
thermal block 50 into the block 20.  Here again there
is no piping external to the block 20 to secure the
thermal block 50  which serves as a lubricant
temperature control with an internal bypassing of the
particular cooler that is in service done internally
within block 20. [0017] Additionally, pressure relief
can also be incorporated into the cooler that  allows
pressure on the discharge of the pump 52 go into a
passage leading to the  sump 54, both shown in Figure
5. What can go into block 20 is a relief valve 56 that
can have inlet and outlet ports lined up with
appropriate ports in the block 20 so that  no external
piping is required for the relief circuit. 10018] In
the end, as shown in Figure 2, there simply needs to
be four connections  made in the field for coolant in
and out, which are connections 58 and 60 and two
others for the lubricant, only one 62 being visible in
Figure 2. [0019] Figure 3 is simply a variation of
Figure 2 using 1 filter 64 and one cooler 30.  Using
this layout requires equipment shutdown for servicing.
The other Figure 2  concepts carry over to Figure 3.
The Figure 4 design actually shows the four
connections for coolant and lubricant and tandem
filters 66 and 68. In this design a  filter change can
be made on the fly but servicing the cooler 70 will
require the  equipment to be shut down. [00201 Figure
5 shows the variation of Figure 2 mounted on a support
plate 72 that is  secured to the sump 54 on sloping
panel 74 with a generally flat bottom 73 that 4 



WO 2007/098059 PCT/US2007/004205  defines its
footprint. A support member 76 extends from plate 72
into sump 54 to  support submersible pump 52. Having
pump 52 inside sump 54 saves space as does  the
sloping panel 74 that makes room for the equipment
described in Figure 2.  Because of the sloping panel
74 the equipment such as coolers 75 and 77 or filters
79  and 81 do not overhang the footprint 73.
Additionally, inlet piping to the pump 52 is
eliminated and the entire assembly is easy to service
as it all comes out in one piece  after the
connections, three of the four are shown. [0021]
Turing to Figure 6, this figure illustrates some of
the internal passages 90 of  an exemplary block 20. As
illustrated, the filters 22 (see Figure 2) can be
secured to  the filter receiving portion 92 of the
block, at which point the filters 22 will be  coupled
to the internal passages 90 of the block 20. Thus,
these passages facilitate  modularized assembly of the
unit without the need for unwieldy piping assemblies.
Indeed, with the primary plumbing network of the
assembly defined by the internal  passages 90 of the
block 20, parts can more easily be removed and
replaced when  damaged. Moreover, components, such as
the cooler 27 (see Figure 2), can be  removed from one
block 20 and placed on another block, as the
components are  modularized. [0022] Those skilled in
the art can see that the present invention allows for
space to  be saved when packaging components
particularly when redundant equipment is  called for.
While a lubrication system for rotating equipment is
illustrated, other  systems can benefit from the
modular concept illustrated. Using the block and
hooking up the equipment as described not only saves
space but reduces the number  of connections and
facilitates rapid assembly of the skid in the field
for hookup of  process or utility connections. Again,
the block concept is particularly suited to  



packages of equipment that are remotely assembled from
where the unit is ultimately  operated, While the
certain embodiment encompass a lubrication assembly
for a  multi-stage centrifugal compressor, those
skilled in the art will appreciate that the  block
concept can be adapted for lubrication systems for
other types of rotating,  reciprocating and mechanical
requiring lubrication. Alternatively, the block can be
integral to a process equipment skid delivered to a
remote location and can allow a  variety of process
equipment to be compactly packaged while minimizing
external 5 WO 2007/098059 PCT/US2007/004205
connections to the block while simplifying the piping
if not totally eliminating  external piping between
the components. Diversion valving between redundant
pieces of equipment can also be configured internally
to the block with extending  handles where each handle
can be used to turn inlet and outlet to one piece of
equipment while aligning its redundant into service.
In some cases this can be done  with a 90 degree turn
on a single handle to isolate lubricant or coolant
from one  cooler to another. Also possible is reducing
the conversion operations between  coolers to a single
handle that can operate valves on both coolant and
process sides  of an exchanger in a single motion
preferably 90 degrees. Filters or other pairs of
redundant equipment can be handled in the same manner.
As an alternative way to  switch between redundant
pieces of equipment shuttle valves can be used within
a  block. An integrated piston can be mounted to the
block to move a shuttle valve to  change alignment
between pieces of redundant equipment. [0023]
Referring again to Figure 5, the ability to support
all the equipment on a  single plate 74 allows for
rapid installation and assembly or when maintenance is
needed the entire module can be rapidly disconnected
and a replacement installed to  



get a system back in service. Thus, apart from the
space saving features of using a  block, the further
modularization of the components on a common base 72
facilitates  original assembly or subsequent
maintenance. [0024] It should be further noted that
the advantage of the block concept is that  process
equipment can be mounted "directly" to it. In this
context, mounting directly  means that the equipment
is received by the block in a sealing relationship by
bringing them together without the need to install
intermediate piping or fittings. The  process
equipment is abutted or spun on and at most fasteners
are used to secure the  two together. The need for
pipe fitters is reduced and the number of connections
is  also reduced as well as the volume occupied by the
module that comprises the block  and the process
equipment connected to it. [0025] While the preferred
embodiment has been set forth above, those skilled in
art  will appreciate that the scope of the invention
is significantly broader and as outlined  in the
claims which appear below. 6 WO 2007/098059
PCT/US2007/004205  [0026] Again, the above description
is illustrative of exemplary embodiments, and  many
modifications may be made by those skilled in the art
without departing from  the invention whose scope is
to be determined from the literal and equivalent scope
of the claims below. 7 CLAIMS:  1. A modular
lubrication system for rotating or reciprocating
equipment,  comprising: a sump having an opening
thereon; a base mounted over said  opening and
supporting lubricant circulation, cooling and
filtration equipment  



thereon. 2. The system of claim 1, wherein: said
circulation equipment is mounted to said  base within
said sump. 3. The apparatus of claim 1, wherein: said
sump comprises a generally flat  bottom defining its
footprint and said opening is disposed on a sloping
wall such  that said circulation cooling and
filtration equipment does not overhang said
footprint. 4. The apparatus of claim1, comprising: a
three dimensional solid object having  an exterior
surface adapted to sealingly directly accept at least
one of said  circulation, cooling and filtration
equipment said object formed having passages  therein,
with at least some extending to said exterior surface,
for fluid  communication to said equipment. 5. The
apparatus of claim 4, wherein: all said circulation,
cooling and filtration  equipment is directly
connected to said object. 6. The apparatus of claim
18, wherein: at least one of said circulation, cooling
and filtration equipment has a redundant counterpart
and said passages  comprising at least one valve to
allow changeover between redundant equipment
connected to said passages. 7. The apparatus of claim
6, comprising: said at least one valve comprising a
plurality of valves in said passages that are
operable from said exterior surface to isolate
passages leading into and out of  8 one of said
redundant counterpart equipment and opening other
passages for  inlet and outlet to another counterpart.
8. The apparatus of claim 7, wherein: said valves
comprise one of 90 ball or plug  



valve or a shuttle valve. 9 9. An apparatus for
assembling equipment in a module, comprising: a three
dimensional solid object having an exterior surface
adapted to sealingly directly  accept a plurality of
equipment, said object formed having passages therein,
with  at least some extending to said exterior
surface, for fluid communication to said  equipment.
10. The apparatus of claim 9, wherein: said passages
comprise at least one  valve. 11. The apparatus of
claim 9, wherein: said exterior surfaces is adapted to
accept redundant equipment and said at least one valve
comprises a plurality of  valves capable of isolating
one of at least two redundant equipment and put
another in flow communication with said passages. 12.
The apparatus of claim 11, wherein: said plurality of
valves are operable by at  least one actuator mounted
to said exterior surface of said object. 13. The
apparatus of claim 12, wherein: at least one control
device is mounted in  said passages with the ability
to selectively divert flow therein. 14. The apparatus
of claim 9, wherein: said block is connected to a
lubricant  sump and comprises at least one lubricant
cooler directly mounted thereto.  15. The apparatus of
claim 14, wherein: said block further comprises at
least one lubricant filter directly mounted thereto.
16. The apparatus of claim 15, wherein: said block
further comprises a thermal  block to control
temperature of circulating lubricant by diversion of
said cooler  through said passages therein. 17. The
apparatus of claim 16, wherein: said block further
comprises connections  



for coolant and lubricant and valves operated from
said exterior surface; said at  10 least one cooler
comprises a plurality of redundant coolers and said
valves place  different redundant coolers in flow
communication with said passages. 18. The apparatus of
claim 17, wherein: said at least one filter comprises
a  plurality of redundant filters and said valves
place different redundant filters in  flow
communication with said passages. 19. The apparatus of
claim 14, wherein: said block is mounted to a base
that is  secured to said sump, said base supporting at
least one pump thereon. 20. The apparatus of claim 19,
wherein: said pump is submersible and mounted  to the
opposite side of said base as said block and within
said sump. 21. The apparatus of claim 19, wherein:
said sump has a generally flat bottom  defining a
footprint and a sloping wall to accept said base such
that said cooler  does not overhang said footprint.
22. A modular lubrication system, comprising: a block
having a plurality of  passages extending internally
therethrough; at least one oil filter directly mounted
to the central block and in fluid communication with
the at least one of the  plurality of passages; and at
least one cooler assembly directly mounted to the
central block and in fluid communication with at least
one of the plurality of  passages. 11 


