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this invention is conpressors packaged with _
l'ubrication systems that typically include a |ubricant
reservoir, circul ation equi pnent, cooling equi pnent,
filtration equi pment and associ ated controls, for _
exanpl e. [0002] Typically, conpressors are packaged in
one or nore skids to reduce installation time in the
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centrifugal conpressor package w
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gas, a lubrication sygtem Rabndpg, Conpressor
as a drive system and associ ated gearbox to drlve the

various stages, for exanple. These assenblies can also
BAGKGR@UNEdundant equi pment so that maintenance can go
on wth the conpressor running. For exanple, in the
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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 1 illustrates a prior
design showing an oil 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



[ 0003] Sone space savi ng advances have been nade.
Figure 1 illustrates a prior design show ng an oi
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and an oil punp 16. Just sone of the interconnecting
piping is shown in this view Wile some space has
been saved in nore recent nodul es by replacing the
shell and tube coolers with brazed plate designs that
take up consi derably | ess vol une, the nunber of
connections has not been narkedly reduced, and
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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;



wi || becone better understood when the follow ng

detailed description is read with reference to the
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represent |ike parts throughout the draw ngs, wherein:

[0007] Figure 1 is a plan view of a prior art

| ubricant circulati on system show ng the nyri ad

connections and the space occupi ed; [0008] Figure 2

shows an exenpl ary bl ock of the present invention used

with tandem coolers and filters, in accordance mnth an
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filters to the other conponents in the

%g{z%&gnﬁnm doing the filter mounting this way, mterconnectmg 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. F igure 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



elimnated. A valve that isolates one filter and |ines

up the other, preferably with a 90 degree turn of a
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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. Wth proper

alignnment of multi-port valves in block 20, a 90

degree rotation, for instance, can quickly switch flow

betmeen filters with no piping external to block 20.
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[0018] 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 designa
filter change can be made on the fly but servicing the cooler 70 will require the

equipment to be shut down.

[0020] 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



whi ch serves as a lubricant tenperature control wth
an internal bypassing of the particular cooler that is
WO 0ogeespsTe done internally within block 20. [BOWL©$2007/004205

Additionally, pressure relief can also be incorporated
into the cooler that allows pressure on the discharge

of the punp 52 go into a passage |leading to the sunp

54, both shown in Figure 5. What can go into bl ock 20

is arelief valve 56 that can have inlet and outl et

ports lined up with appropriate ports in the block 20
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[(?Jﬁ] sljﬁlose skilled in the art can see that the present invention allows for space to
be saved when packaging components particularly when redunglant 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 lubricaﬁon systems for other typés 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



[0021] Turing to Figure 6, this figure illustrates

sone of the internal passages 90 of an exenplary bl ock
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be secured to the filter receiving portion 92 of the

bl ock, at which point the filters 22 will be coupl ed

to the internal passages 90 of the block 20. Thus,

t hese passages facilitate nodul ari zed assenbly of the

unit without the need for unw el dy piping assenblies.
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[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.



external piping between the conponents. Diversion

val vi ng between redundant pieces of equi pnent can al so
wheoocoofosgured internally to the bl ock with expPendsrg7/004205

handl es where each handl e can be used to turn inlet

and outlet to one piece of equipnent while aligning

its redundant into service. In sone cases this can be

done with a 90 degree turn on a single handle to

i solate lubricant or coolant fromone cooler to

anot her. Al so possible is reducing the conversion

ti ong between cpol ers.to a.single handl e that can
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val ves can be used within a block. An integrated

pi ston can be nounted to the block to nove a shuttle

val ve to change alignnent between pieces of redundant
equi pnent. [0023] Referring again to Figure 5, the
ability to support all the equipnent on a single plate
74 allows for rapid installation and assenbly or when

mai nt enance i s needed the entire nodul e can be rapidly

di sconnected and a replacenent installed to get a
system back in service. Thus, apart fromthe space
saving features of using a block, the further
nodul ari zati on of the conponents on a commopn base 72
facilitates original assenbly or subsequent

mai nt enance. [0024] It should be further noted that

t he advantage of the block concept is that process

equi pnent can be nounted "directly” to it. In this
context, mounting directly neans that the equipnent is
received by the block in a sealing relationship by
bringi ng them together wi thout the need to instal
internmedi ate piping or fittings. The process equi pnent

is abutted or spun on and at nost fasteners are used

to secure the two together. The need for pipe fitters

I's reduced and the nunber of connections is



al so reduced as well as the volune occupied by the

nodul e that conprises the block and the process
weoupogwnd connected to it. [0025] Wil e the ppref/e@sretdo04205

enbodi nent 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 clains

whi ch appear bel ow. [ 0026] Agai n, the above description

is illustrative of exenplary enbodi nents, and nmany

nodi fications may be nmade by those skilled in the art

W t hout departing fromthe invention whose scope is to
chendgtermned fromthe literal and equival ent scope of

t he clalns bel ow. CLAIMS: 1. An apparatus for

a$ s efvbappayatalg fopaseernblimg equipmienhtan agnogulesiongprising:hr ee

di mensi onal solid object having an exterior surface

adapt ed t atlyeatiimgyisiond] sodicitdbjecahaeipt aa gataoalsitfycedddapted to

equi pnent, said object formed havi ng passages therein,

wheatingly diemslly ssom aglinlic efeduipradittsatd bt Oformyd haﬁﬁg

for fluid communication to said equipnment. 2. The

appshgdsihierefn, atith dnldast YWHBE ektBndinditslsNASRAGRS sGPAR! ForQluid
at |east one valve. 3. The apparatus of claim 2,

weehfiunicatish Go 6248 @fiipment!r f aces is adapted to accept
redundant equi pnent and said at | east one val ve

CONPRd SarAudbiéiainh it ywhbreltftl ves capabl e of isolating
one of ‘at |east two redundant equi pment and put

anot her i id b CRUBHERLE RAMN AR O Passages. 4.

The apparatus of claim 3, erein: said plurality of

val %Qgracm@&a‘m&@ywﬁ&e east one actuator nounted
to said exterlor surface of ‘said object. 5. The

appar at usg,0f oAbt faclR'R Bted 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.
4. The apparatus of claim 3, wherein:

said plurality of valves are operable by at least one actuator mounted to
said exterior surface of said object.
5. The apparatus of claim 4, wherein:

at least one control device is mounted in said passages with the ability
to selectively divert flow therein.
6. The apparatus of claim 1, wherein:

said block is connected to a lubricant sump and comprises at least one
lubricant cooler directly mounted thereto.

7. The apparatus of claim 6, wherein:



at | east one control device is nmounted in said

passages with the ability to selectively divert flow
WO b@repseso 6. The apparatus of claiml, wherei nPCEEBZTNNT/004205

bl ock is connected to a lubricant sunp and conpri ses

at | east one lubricant cooler directly nounted

thereto. 7. The apparatus of claim®6, wherein:said

bl ock further conprises at |east one lubricant filter

directly nmounted thereto. 8. The apparatus of claim7,

wherein: said block further conprises a thermal - bl ock

to control_. I e.of circulating,l.ubricant

i ver i on-aiy BIRR M oSt kAl R ysttan e ibeony

th%fengh%enIhe apparatus of claim8, wherein: said

bl SR Furt'ver conpri ses connections for cool ant and

I ybricant and valves_operated fromsaid exterior

sgrf REaPRALATYS dP@%Zt“ﬁﬂ@“booler conpri ses a

plurality of eg ndant coo| ers and sai d val ves pl ace

i f 1 or ent SHEBlAHARFAISOMEISSE A U1ern) Dok pomc] Gmgretre of
saj d passages. 10. The_ apparatus of claim9, wherein:
ssirenlating ibsicaghy diversion ofsaidrqostss thropply seidipessages therein.
.redundant filters and said valves place different

r 8duReraanparatng ef gainh 85 whevesnmuni cation with said
passages. 11. The apparatus of claim6, wherein: said

bl ock is srmdbiask fudher domnsiseheenniestignschor eoblent awi lubricant and
sunp, said base supporting at | east one punp thereon.
1valveheperptod fecny said fextarmr mutdce; wher ei n:

said at least one cooler comprises a plurality of redundant coolers and
said valves place different redundant coolers in flow communication with said
passages.
10. The apparatus of claim 9, 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.
11. The apparatus of claim 6, wherein:

said block is mounted to a'base that is secured to said sump, said base
supporting at least one pump thereon.
12. The apparatus of claim 11, wherein:

said pump is submersible and mounted to the opposite side of said base
as said block and within said sump.
13. The apparatus of claim 11, wherein:

said sump has a generally flat bottom defining a footprint and a slopiﬂg

wall to accept said base such that said cooler does not overhang said footprint.



said punp is subnersible and nmounted to the opposite

side of said base as said block and within said sunp.
wdao7opsesappar at us of claim 11, wherein: said BOIpSiva®004205

a generally flat bottomdefining a footprint and a

sloping wall to accept said base such that said cooler

does not overhang said footprint.14. A nodul ar

| ubrication systemfor rotating or reciprocating

equi prent, conprising: a sunp having an opening

t hereon; a base nounted over said opening and

7R B4 Doty s i o SR@sg e eavomcab

14, wherein: said circulation equipnment is nounted to
sai FOOWERFthin said sunp. 16. The apparatus of claim
14, wherein: said sunp conprises a generally flat

bot t om det FHPRAGAYE P SHEPNEARET&PY sai d opening i s
di sposed on a sloping wall_ such that said circulation
cool i ng ahbayeimevEed Breragid sneaE AWesyPpoTting Bbrieasy circulation,
said footprint. 17. The apparatus of claim 14,
cepiingsanddfiltratiom egeipaiepethéiednal sol i d obj ect havi ng an
exterior surface adapted to sealingly directly accept
all 5| Eestystgmeobelagnild, whersin: at i on, cool i ng and
filtration equi prent said object formed having
passages sankredulation equipmentsastoustadgo sriddrrde mgthiosadisgmp.
exterior surface, for fluid comunication to said
e @61 Threeaptparai@s ofidlainappawireim: of clai m 17, wherein: al
said circulation, cooling and filtration equipnent is
directly sxadseapedmpisead gerehjlcflat bbBomldefirappits &3dsrint and
of claim 18, wherein:

said opening is disposed on a sloping wall such that said circulation cooling and

filtration equipment does not overhang said footprint.

17. The apparatus of claim 14, 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.
18. The apparatus of claim 17, wherein:

all said circulation, cooling and filtration equipment is directly
connected to said object.

19. 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.

20. The apparatus of claim 19, comprising;:

10



at | east one of said circulation, cooling and

filtration equi pnment has a redundant counterpart and
W@ an0d/opsassages conpri sing at | east one val ve tBCHUBZING/004205

changeover between redundant equi pnent connected to

sai d passages. 20. The apparatus of claim 19,

conprising:said at | east one val ve conprising a

plurality of valves in said passages that are operable

fromsaid exterior surface to isol ate passages | eading

into and out of one of said redundant counterpart

equi prent saihat legst pha galot Remppia % of ;

outl et to another counter parptpl. ﬁ%aé%.ﬂﬁ%lfrl}lgyg{)g%algést%&qb passages

cthat ane2peradirefromsaiBaiteriveduyRse fPIEBL 0 bal |

or plug valve or a shuttle v%l%e. Z%Féﬁasg%aﬁ%ard%gm?o and out

| efbsriecaftsaii vedyad@itowtERhit L IR ving a

plurality of passages g??gﬁgﬁ%ém?’ﬁ%‘?ﬁé?‘ﬁ@g otfdr Bassages for

t indstahb oatlgho aﬁbthle?@&Im&B%tPi | filter directly nounted

to the central block and i n fluid conmunication with

the e dpBRAatusVTL 1 jd’]%,}fa_é(jﬁ,al ity of passages; and at
| east one cool er assefbly directly nounted to the

central ' [ icafion with at | east
one of t %éﬂg\l}%&féaéﬁob‘g)r%%: %Bg gg gggé _1 or p}ug valve or a shuttle valve.
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.
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