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U.S. Provisional Patent Application No. 60/921 , 547,

entitled "Integral Scroll and Gearbox for a Conpressor

w t h INFTEGRABSEROLL AND, GEARBOXTQARrA ICOMPRESSOR

which is herein \WHH BPEEBCHANGE OPIMON in its
entirety. FIELD OF THE | NVENTI ON [ 0002] The present

i nvention generally relates to centrifugal
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refenepce §s s enBretyl plant air systens, to supply a notive
force for valve actuators and pneumatic cylinders used
in robotic applications, as one exanple. Centrifugal

FIEL'D)O?S'FHESIN\AHN'F@NV feature an impel l er nmounted in a
cl osel y-conform ng inpeller chanber. The chanber
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rotation of the inpeller propels the fluid through an

annul ar di ffuser passageway and into a surroundi ng
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The chamber features an axial inlet port to allow fluid entry toward the center of
the impeller. Fluid is drawn into the impeller due to its rotation at speeds that can
exceed 75,000 revolutions per minute (RPM). The rotation of the impeller propels
the fluid through an annular diffuser passageway and into a surrounding volute.
The energy imparted into the fluid by the impeller’s rotation increases the fluid’s
velocity and, consequently, pressure as the fluid passes the diffuser passageway
into the scroll or volute. The diffuser passage way has inside and outside radial
dimensions for each circumferential station of the impeller chamber and scroll. By
definition, the inside radius of the diffuser section corresponds to the distance to
the diffuser throat or the location at which the annular port or passageway has
the smallest axial width for the given station, the diffuser section extending

outwardly for the remainder of the annular passageway.



the smallest axial wdth for the given station, the

di ffuser section extending outwardly for the remai nder
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centrifugal conpressors have featured a bolt on

scrol I /volute cover, which enconpassed portions of the
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volutes,.i..e., 24 and 26, .S the extra space and nmass
ek h Y Spraficafib ot aLiuio &l EREi M Gafponents
wORCSRohperitiaatdimensidnuaid 6nshabeme $ds ef fe tolerance allowed.
installation and nmai ntenance is inportant to

serviceability. For exanple, as will be expl ained

w, f Lt I ch_a .
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each stage in a nulti-st a?e ski d coul d preclude a
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(such as 24 &ud B6hindbes dcoess to hiee driped dheft foeani aiigsumpe ol be
dilre%?lglldcri%teh.o?he %?(tra housing thickness for each stage in a multi-stage skid
could preclude a direct drive on the oil pump and may necessitate a separate
electrical drive for the oil pump. This would be undesirable in the event of an
electrical failure. In an electrical failure, the impeller bearings need lubrication, as
the impeller slows from its operating speed of 75,000 RPM or more. Bearing
failure could result with an electrically driven oil pump if it stopped delivering oil
too abruptly on power failure. A power takeoff from the main drive shaft, which
could involve gears or belts, adds to the complication of packaged systems and

tends to complicate access when maintenance is required.



the inpeller slows fromits operating speed of 75, 000

RPM or nore. Bearing failure coul d result wth an
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oil too abruptly on power failure. A power takeoff

fromthe main drive shaft, which could involve gears
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[0007] In accordance with certain enbodi nents, the
volute is cast integrally with the gearbox base to
SBMMARY oser radial tolerances to be used to inprove
efficiency. In one enbodi nent, conpressors for
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inlet and diffuser that can line up wiith the inpeller

effgigney g3ingdn theygany Sigescre $REMAYGIOEA if Igach sypgegiernt stage.
SPEPLRSnGethBlE BRange center distance between bull gear and pinion are
accommodated by an offset opening in the inlet and diffuser that can line up with
the impeller shaft as well as an offset opening in the fluid seal despite a pinion
gear change, by reorientation and remounting of those parts including the
bearings that support them. Either the pinion or the bull gear or both can be
moved to change the shaft center distance to accommodate the new gear pairing

to get the desired speed.

[0008] The presentinvention, in the exemplary context of and integral scroll
and gearbox, provides a way to accommodate the differing center to center
distances of the gear drive from a speed change by allowing the scroll to accept

an end plate with an eccentric opening that can be mounted in a variety of



gear change, by reorientation and renounting of those
parts including the bearings that support them Either
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change the shaft center distance to acconmpdate the
new gear pairing to get the desired speed. [0008] The
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present i nvention, depending on the new desired speed,
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is aclose up view of the first-stage vol ute-type
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[0011] FIG. 2 is a section view along line 2--2 of FIG. 1.

[0012] FIG. 3 is a close up view of the first-stage volute-type scroll housing
shown at the top of FIG. 2.

[0013] FIG. 4 is a close up view of a prior art bolt on volute-type scroll housing

typically used as an industry standard centrifugal compressor;

[0014] FIG. 5 shows an inlet assembly with the opening off center to address
a shifted impeller shaft position from a change in pinion gear size on the impeller
shaft;



shown at the top of FIG 2. [0013] FIG 4 is a close
up view of a prior art bolt on volute-type scroll
woewsiingss ypi cal |y used as andindustry standarRCT/US2008/059169
centrifugal conpressor; [0014] FIG 5 shows an inlet
assenbly with the opening off center to address a
[09hb] t eGP éd Beenshédw showirlg thie ihled of &I@H&aagsembled to a scroll:
pi ni on gear size on the inpeller shaft;[0015] FIG 6
is an end view showing the inlet of FIG 5 assenbl ed
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the inlet with the opening shifted right; [0017] FIG
8 shows the orientation of the inlet with the opening
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[0019] Referring to FIG 1, this figure, whichis in a
perspective view, has portions renoved for clarity.

109751 251 P FAEREER AR SR el FREGRIR sifigp size can be

addregeedl0, a second stage 12, and a third stage 14. In
essence, FIG 1 is a drawng of a casting, which
further conprises a first-stage intercool er housing
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e N . . . ;
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arzba $hird btageyl & omessenced HIG. i ri$ atdrawingTdiea pagiiwgnawhich further

i nvent i og t-i n cern&’%i n Ii ngt an.ces_l, rel at ea_ tto th? |
CBRYSERA HES &ﬁas;ﬁ' FRP'E" SeHaNe 764_aa§1e&°f‘ glage intercooler
hSUBR e8BAbaNY Iowerednd2éf thEhgdarB6X RDIAR AfiePiRo6RA (8btSShd¥h) can

used in second stage 12 and third stage 14 within the

bespegeatier thedhirdweage bh. Thobztplanes1d hasandnlayd2 oonitied from
FIRF ol hbestlbp oF ERGC2 Yool SR8 13,5 ARilstnty”
cdréfighredimtet (Selctions Raatsesbrnpared to the first stage inlet 22. Third stage 14
has an inlet 26 similarly configured to inlet 24. The present invention, in certain
instances, relates to the configuration of volute scroll 74 and its complementary
inlet 22. That configuration can also be used in second stage 12 and third stage

14 within the scope of the invention.

[0020] The first stage 10 has been configured differently than stages 12 and
14 to illustrate the difference between the prior-known technique (illustrated in
stages 12 and 14) from the technique of the present invention exemplified in the
first stage 10. It is also different than another known technique as described in
FIG. 4, item 90. It should be noted that the invention does not presuppose
multiple stages and the details of the first stage 10 can be employed in a single
stage installation or in a multi-stage installation, on one or more of the stages, all

within the scope of the invention.



stages 12 and 14) fromthe techni que of the present

invention exenplified in the first stage 10. It is
W@Db®e/12li464 er ent than anot her Known techni que aBCT/US2008/059169

described in FIG 4 , item90. It should be noted that

the invention does not presuppose multiple stages and

the details of the first stage 10 can be enployed in a
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g/g r@lds 40 the end of shaft 28 is an oil punp 52,
Irectly connected by a coupling 54. [0022] As seen in

FIGS. 1 and 2, the second and third stages, 12 and 14

di fferent t the first sta 10.., The housings 5
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dlﬁéﬂ%‘rﬁﬂ%r{ P firBl &k éC’I'OUtI'ﬁe%u%ﬂ'FéSZE% 56§ BS%‘ré‘éZthdnc%‘HVsﬁaped

respectively secure the conbinati
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ous, e cast

regBar G sprate BRETITRtGR st Bp o kgl 1 AGugi888 6 and
5&eko @My 56 BAdBRaRSca irtBgralif wilhl thetibRbegbebd 2Ofand the
known techni que and are included in the illustrated

lnt&ﬁ@@@%h@'@@“@@éﬁ@ﬁdﬂﬁ &Wﬂd@r&)ﬁhﬂdﬁ&ge%ﬂ and|1ddligstrate the
prﬁﬂ% gh@ﬁégfaﬁohfrqu& L3P e |uétr%?8 rtﬁr%%n tage system to

I nve ustra For ar

prberdbrnommt flmla:(tlealfeb\Undi@Estémﬂlhb@f tit®ativastgesdf the present
under st andi ng of the advantages of . the present

inyQftiQR: iFé_ﬁ: 41305a Hastrateg st priai %te@thawegwhdﬁh progides further
oI5 TIL RS- S Y 488, bt LA OfOEn o
inscdvestadey 90as FG. 4, the machlned scroll/volute 90 is a complicated
piece having numerous machined surfaces, each of which necessarily has a
tolerance on one or both sides of the ideal dimension. Impeller 92 has a plurality
of blades 96 extending radially from near its center. A clearance in the radial
direction is required as between the blades 96 and surface 98 on inlet/volute 94.
The location and orientation of this clearance is also seen in FIG. 3, which is a
close-up of first stage 10, illustrating the clearance in the case of the present
invention. The clearance 72 in the first stage 10 can be reduced to less than
0.020 inches as compared to the stage 90 where the counterpart clearance can
run in the range of 0.024-0.035 inches or greater. The clearance 72 is obtained

solely as a result of a casting followed by a machining process. To date,



tol erance on one or both sides of the ideal dinension.
I npeller 92 has a plurality of blades 96 extending
WO a8ab4454 from near its center. A clearance i nPETES2008/059169
radial direction is required as between the bl ades 96
and surface 98 on inlet/volute 94. The | ocation and
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mpl oyed i n_centrifugal conpressor applications for
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ape of blades 80. Since the volute is cast
surfacegrtalaldyl Ltpowhhe tm@uehutfgtym sanell is cast irftegratly sisrifousiyg 74.
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labbRgavifigs ittretilias@ nPAtHRaAGUBIe HiRatPadagefd? W8 second stage 12 is
thgggortumtl es for the accunul ated tol erances on the

y 60fbinied theevolyte Nt e mtetmoaacbthm_ensw@g\tm inlet 60 into
b TS el B APUR LoPBRLS Rl 818} fyeasea

disd @0 néflr dsulelg ofale vadliothickags® QStherpér&ﬂmﬁdTo illustrate the
machi ni TI%B The di sadvantage .of the second stage 12 is

canegpt MAdIHRHBINS! $1aoe AR lasn Lé'_t it $3HBe imAner é6 thagecond
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sh%tft éy gef\)/\(/eer trﬁ%rf?/rst a-ll_r?d L:ecounsdI ét%ggs 1Beand 12 respectively. As
previously stated, being able to power the oil pump 52 off of shaft 28 becomes an
issue if there is a power failure from the perspective of protecting the bearings
such as 42. The other alternative of simply making the entire casting larger adds

significant cost to the finished product.

[0024] It should be noted that with regard to the first stage 10, that the diffuser
plate 82 is secured to inlet 22 with bolts 84 before fitting up inlet 22 to the volute
type scroll housing 74 using bolts 86. The clearance 72 minimization allows the

first stage to achieve an efficiency improvement of 1-2% and slightly more. This



concept, had the first stage 10 been built in the sane
manner as the second stage 12 using the sane exterior
Wal2ewensidons for the casting sfown in FIG 1, tPEF/ES2008/059169
woul d have been no roomto nount the oil punp 52 and
coupling 54 to the shaft 28 between the first and
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up inlet 22 to the volute type scroll housing 74 using
begsings awshafhas §|Oe\;‘\€6r Qowe brpcontinueisAatdrive the odvinmh 2.
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a variety of selected driven speeds. Typically, the bull gear 32 is the largest gear
in the gearbox and is very expensive to produce in a variety of teeth count
configurations. If the bull gear 32 is not changed then a speed change involves
changing the teeth count of the pinion 34 to reduce teeth for a speedup or
increase teeth for a slowing down of the first stage 10 for example. However,
fitting a new pinion gear 34 changes the center to center distance between shafts
28 and 38 and the integral casting of the gearbox 20 and the housing 74 was to a

fixed center to center distance.
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to being in the same orlzonta plane. Alternatively, the end user that requires a

speed change can also buy a different inlet assembly 22’ with a diffuser 82

having a matching bore offset to accommodate the impeller 38 and just purchase

those components with a new air seal 40 and relocate the bearings 42 closer or

further away, as needed and everything can go back together and function in the

existing equipment that has the integral gear box 74 and housing 74.

[0028] As an alternative, offset bearing holders similar to those shown for the
pinion shaft 38’ can be used for the bull gear shaft 28. In that way, the bull gear

can be relocated closer or further from a pinion shaft 38 that itself can be moved



di ffuser 82 while the shaft 38" goes through an
eccentric opening relative to the center of seal 40 so
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and housing 74. [0028] As an alternative, offset

bearing holders simlar to those shown for the pinion
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eccentric capabilities that allow the origina
conmponents such as bearings and seals to be nounted in
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| ocation within an existing gearbox. Speed changes are
now possi ble for such precast units w thout nmjor
expense of obtai ning new gearbox with scrol

I ntegrated housings. [0029] Wile the invention has
been described and illustrated in detail in the



draw ngs and foregoi ng description, the same is to be
considered as illustrative and not restrictive in
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Claimskhe cl ainms below are the full scope of the
i nvention being protected.Clains: 1. Arotating
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digleane fy reptientadiep of saidoofesst @0evingt i ng equi prent
housi ng. 3. The assenbly of claim 2, wherein:
2. The assembly of claim 1, further comprising:
an inlet assembly further comprising an inlet opening located off center
thereto, said assembly adapted to be mounted to said rotating equipment
housing in a plurality of orientations to change the position of said inlet opening

with respect to said rotating equipment housing.

3. The assembly of claim 2, wherein:
said inlet assembly is mounted to said rotating equipment housing on a
side opposite from said seal assembly.

4. The assembly of claim 3,wherein:

said inlet opening and said offset opening in said seal assembly can be
aligned in more than one position with respect to said rotating equipment
housing.



said inlet assenbly is nmounted to said rotating
equi pnment housing on a side fposi te fromsaid seal
waewebisgs 4 . The assenbly ofZ cl ai m 3, wher ei NPPCEHEB08/059169
i nl et opening and said offset opening in said seal
assenbly can be aligned in nore than one position wth
respect to said rotating equi pment housi ng. 5. The
claim4 said inlet and offset

assenbl y of er
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offset openi ngs are above or l ow a plane t
|ntersects said shafts. 7. The assenmbly of claim 2,
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that both said openings nove a |ike anount on

sgi@¢shplidit ati on of said inlet assenbly with respect to
said rotating equi pnent housing. 8. The assenbly of
claim?7 , wherein: said offset opening is capable of

bel g al i omedsyermblysdicthinh 2 ffuarer esvdprisihgt openl ngs in
a plurality of orientations with respect to said
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rotating eq ment assenbly, conpri sing:
8. The assembly of claim 7, wherein:
said offset opening is capable of being aligned with said diffuser and inlet
openings in a plurality of orientations with respect to said rotating equipment
housing.

9. The assembly of claim 8, wherein:
said offset, diffuser and inlet openings are capable of alignment in a plane
defined by said shafts or above or below said plane.

10.  The assembly of claim 9, wherein:
said end element comprises an impeller and said rotating equipment
housing comprises at least a single stage centrifugal compressor.

11.  Arotating equipment assembly, comprising:

an integrally produced combination of a at least a portion of a gearbox
housing and at least a portion of a rotating equipment housing with openings at a
predetermined distance for a driving shaft into the gearbox housing and a driven

shaft from said gearbox housing into said rotating equipment housing;



an integrally produced conbination of a at |east a
portion of a gearbox housing and at | east a portion of
wa2008tiatsng equi pnent housi ngldi t h openi ngs at PEI/US2008/059169

predeterm ned di stance for a driving shaft into the
gear box housing and a driven shaft from sai d gearbox
houssaig rotating eguih meritatausn gefguihpmeotmphisingi ange s asdembly
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di ffuser conprising a diffuser opening and supported
Wil respegt [heaitl radisgiapipreanteHsifdiser openi ng al i gned
with said inlet opening such that both said openi ngs
nove a |i ke anount on reorientation of said inlet
assetthl y The bsseraplgalf ddlamstd ,dviiereat:i ng equi pnment
housi 13. The assenply of claim 12, wherein: saj
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sai d g’l ane. 14 . The assenbly of claim 13, wherein:
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can accommodat e sai d changed shaft to shaft center
13.  The assembly of claim 12, wherein:

said diffuser and inlet openings are capable of alignment in a plane
defined by said shafts or above or below said plane.

14.  The assembly of claim 13, wherein:

said seal assembly further comprising an offset opening with respect to a
center thereof, whereupon said first driven gear is replaceable with a second
driven gear of a different size that changes said shaft to shaft center distance and
said seal assembly can accommodate said changed shaft to shaft center

distance by reorientation of said offset opening.

15.  The assembly of claim 14, wherein:
said inlet assembly is mounted to said rotating equipment housing on a
side opposite from said seal assembly.



di stance by reorientation of said offset opening. 15.
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si de opposite fromsaid seal assenbly.16. The assenbly

of claim 15, wherein: said inlet opening and said
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rotating equi pment housing. 18. The assenbly of claim
17, wherein: said offset, diffuser and inlet openings

are tapabfige a§sathblguTRMim 16, aviidrafe defined by said
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héudirgd.i ng equi prent assenbly, conprising: an integrally
produced conbi nation of a at |east a portion of a
gear box housing and at |east a portion of a rotating
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conprising a first driven gear and an end el enent
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housing comprises at least a single stage centrifugal compressor.

20.  Arotating equipment assembly, comprising:

an integrally produced combination of a at least a portion of a gearbox
housing and at least a portion of a rotating equipment housing with openings at a
predetermined distance for a driving shaft into the gearbox housing and a driven
shaft from said gearbox housing into said rotating equipment housing;

said rotating equipment housing further comprising a seal assembly
through which a driven shaft enters, said driven shaft further comprising a first
driven gear and an end element disposed on said driven shaft and located in said
rotating equipment housing;

said gear box housing further comprising a driving shaft and a driving gear
engaged to said first driven gear;

said driving shaft comprising bearings with off-center mounts to allow said
driving shaft to be moved closer or further from said driven shaft to accommodate
a change in at least one of said gears.



engaged to said first driven gear; said driving shaft
conprising bearings with off-center nounts to all ow
W@ 200d/12l45vi ng shaft to be novEY closer or furtPET/US20081959169
said driven shaft to accommpdate a change in at | east
one of said gears.2 1. The assenbly of claim 20,
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of f set. openi n th respect to a center there
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sal d aft to shaft center distance a seal
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beari ngs novable within an o fset nount that all ows

said driven shaft to be noved closer or further from
sai rivy by reoridentation of said bearings
in t9i r ‘F}E%ﬁ?@gr%ﬁly of & é(?, Wkl
said driven shaft comprises a bearing assembly having bearings movable
within an offset mount that allows said driven shaft to be moved closer or further

from said driving shaft by reorientation of said bearings in their mount.



