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TWIN ROTOR DEVICES WITH INTERNAL CLEARANCES REDUCED
BY A COATING AFTER ASSEMBLY, A COATING SYSTEM, AND
METHODS

CROSKS-REFERENCE TO RELATED APPLICATION(S)

16081} This application is being filed on July 1, 2015, as a PCT International Patent
application and claims priority to ULS, Patent Application Serial No. 62/02(,494 filed on

July 3, 20414, the disclosare of which is incorporated herein by reference in is entirety.

TECHNICAL FIELD
106082} The present disclosure relates to twin rotor devices (e.g., Roots-style
superchargers, Roots-style expanders, scrow conpressors, screw expanders, ¢te.). Such
twin rotor devices can be used to pump and/or compress thads (e.g., gasses, air, mixiures,
ctc.) using shaft power and/or can be used to extract shaft power from fhiids (e.g., by

expanding compressed gas).

BACKGROUND

EEIRY The present inveniion relates to twin rotor blowers/compressors, twin rotor
expanders, etc. Such twin rotor blowers/compressors have been used for supercharging
miernal combustion engines {e.g., Diesel cyele engines, Otto cycle engines, ctc.). When
used on internal combustion engines, such twin rotor blowers/compressors may be a
component of a forced tnduction system that supplies air or an air/fuel mixture to the
internal combustion engine. Such forced induction sysicros supply the nternal
combustion engine with the air or the air/fuel mixtare at a higher pressure than
atmospheric pressore. In contrast, naturally aspivated internal combustion engines are
supplied with air or an air/fucl mixture at atmospheric pressure. By supplyiog pressurized
ait or a prossurized air/fuel mixture 1o the internal combustion engine, the engine is
supercharged. The twin rotor blowers/compressors may be known as positive
displacement superchargers. Suoch positive displacement superchargers displace a given

volume of gas for every revolution of an foput shaft at 3 given pressure and a given
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temperature. In contrast, certain other superchargers may be non-posttive displacement
superchargers.

0664 The twin rotor blowers/conpressors may take & form of a Roots-type device, a
form of a screw compressor, ete. The Roots-type device may have a pair of rotors that
intermesh with cach other. In particular, cach of the rotors may define a stmilar plurality
of lobes with valleys between adjacent lobes. The lobes and valleys of the pair of rotors
may be mirror images of cach other {c.g., if helically twisted). The lobes and valleys of
the pair of rotors may be 1dentical to each other {e.g., if straight along an axial direction of
the rotor). The lobes and valieys may be defined by alternating tangential sections of
hypocyeloidal or hypocyeloidal-like curves and epicyeloidal or epicycloidal-like curves.
When each of the pair of rotors 15 spun, fhid s trapped in the valleys and bounded by the
adjacent lobes and walls of 2 howusing and carried from an intake side to an exhaust side of
the Roots-type device. The twin rotor blowers/compressors (¢.g., the Roots-type dovice)
may move the fluid from the intake side 1o the exhaust side without compression urddd the
fluid s exposed to the exhaust side (e.g., an exhaust port). As the fluid is forced out of the
exhaust port, it may be compressed.

[0085] The scrow compressor {¢.g., a twin-screw type supercharger) may have a pair
of rotors that intermesh with cach other. In particular, the pair of rotors may include 2
male rotor and a foemale rotor that intermesh with each other. The male rotor and the
female rotor may have different numbers of lobes or 8 same number of lobes. A working
volame may be defined as an inter-lebe volure between the male and the fomale rotors.
When each of the pair of rotors is spun, fluid is trapped in the working volume bounded by
the adjacent lobes and walls of a housing and carried from an intake end to an exhaust end
of the screw compressor. The working volume may be larger at the inteke end. The
working volume may decrease along an axial length of the rotors toward the exhaust end.
Floid is drawn in at the intake end of the rotors between the male and female lobes. A
corresponding reduction in the working volume toward the exhaust end may reselt in
compression of the fluid that is trapped in the working volurse. For example, at the intake
end, the male lobes of the male rotor (and corresponding valleys of the female rotors) may
be larger than corresponding female lobes of the female rotor (and corresponding valleys
of the male rotors), and at the exhaust end, the male lobes (and corresponding valleys of
the female rotors) may be soaller than corresponding female lobes (and corresponding
valleys of the male rotors). Thus, relative sizes of the male and female lobes may reverse

proportions along axial lengths of both of the rotors {e.g., the male lobes become larger
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and the female lobes become smaller). The increase in volume of the fomale lobes may
result in a reduction in volume of the fluid carrying cavity and thereby cause the
compression of the thaid before the fluid camrying cavity s in thaid compumication with
the exhaust end.

[6666] Gther methods of reducing the working volume toward the exhaust end may
be used. In certain embodiments, a screw-compressor like device may not necessarily
reduce the working volume toward the exhaust end.

[B087] An example Roots-style sapercharger is disclosed at U.S. Patent No.
7,866,966, assigned to the assignee of the present disclosure, and incorporated herein by
reference i its entivety, Another example Roots-style supercharger is disclosed at U.S.
Patent MNo. 4,828,467, also assigned to the assignee of the present disclosure, and also
tncorporated herein by reference in its entivety. As such Roots-style superchargers {(and
other twin rotor superchargers) typically draw air in through an inlet at atmospheric
prossure and deliver compressed air from an outlet to an intake manifold of the internal
combustion engine at an elevated pressure, the clevated pressure from the outlet of the
Roots-style supercharger (and other twin rotor superchargers) typically tends to leak back
across clearances within the supercharger. Such clearances may be between lobes of 2
pair of rotors within the supercharger. Clearances may also exist between tips of the lobes
of the rotors and a housing of the supercharger. Clearances may further exist between an
end of the rotors of the supercharger and corresponding surfaces of the housing. Such
clearances are often determined, at least in part, by manufacturing tolerances of the rotors
and the housing of the supercharger. For example, a Roots-style supercharger made with a
collection of components at a mininmum material condition with respect to the
manutacturing tolerances will have leakage rates higher than another Roots-style
supercharger assembled from components at a maximum material condition with respect
to the manufacturing tolerances. This may lead to certain Roots-style superchargers that
are nominally identical having different performance characteristics that are caused by the
different leakage rates. Furthermore, it is generally desired o reduce such clearances and
thereby minimize leakage within the supercharger. However, increasing precision of the
manufactoring tolerances may increase manufacturing costs. Furthermore, a number of
different dimensions and corresponding dimensional tolerances together determine the
clearances that cxist at final assembly. It is desived 1o reduce the leakage rate within a

supercharger {and other twin rotor devices) without depending upon high precision
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dimensional tolerances from the set of individual components in the assembled
supercharger and/or twin rotor device.

[0668] Typical screw compressors bave similar leakage issues caused by clearances
between lobes of the pair of rotors, clearances between tips of the lobes of the rotors and a
housing, and clearances between an end of the rotors and corresponding surfaces of the
housing. Likewise, increasing precision of the manufacturing tolerances may increase
manufacturing costs, and a nunber of difforent dimensions and corresponding dimensional
tolerances together may determine the clearances that exist at final assembly. It is also
desired to reduce the leakage rate within a screw compressor without depending upon high
precision dimensional tolerances from the set of individual components in the assembled
SCTEW COMIESSOT,

18069} When Roots-style superchargers or similar twin rotor devices are run in
reverse (1.¢., when fluid pressure and flow are converted into shaft power), a Roots-type
device (and/or other twin rotor device) may serve as & Roots-style cxpander {and/or other
twin rotor expander). Such expanders may have similar leakage issues caused by
clearances between lobes of the pair of rotors, clearances between tips of the lobes of the
rotors and a housing, and clearances between an end of the rotors and corresponding
surfaces of the housing. 1t is also desired to reduce the leakage rate within a Roots-style
expander without depending upon high precision dimensional tolerances from the set of
individual components in the assembled Roots-styic expander.

10619 Similarly, when screw compressors or similar devices are run in reverse (i.e,
when fluid pressure and flow are converted into shaft power), a screw-type device may
serve as a screw expander. Such screw expanders may have similar leakage issues caused
by clearances between lobes of the pair of rotors, clearances between tips of the lobes of
the rotors and a housing, and clearances between an end of the rotors and corresponding
surfaces of the housing. It is also desired to reduce the leakage rate within a screw
cxpander without depending upon high precision dimensional tolerances from the set of

ndividual components in the assembled screw expander.

SUMMARY

{6011} An aspect of the present disclosure relates to various improvements made to
twin rotor devices {¢.g., Roots-style superchargers). The tuprovements may result from

reduced internal clearances between intermeshing lobes of the Roots-style supercharger,
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between tips of the lobes and corresponding surfaces of a housing of the Roots-style
supercharger, and/or from reduced clearances between cnds of the rotors and
corresponding surfaces of the housing. In particular, the twin rotor device may be
partially or fully assembled and a coating (e.g., an abradable coating) may be applied to
the assembled or partially assembled twin rotor device. If partially assembled, the pair of
rotors and the housing may be sub-assembled. The rotors may be rotating as the coating is
applied and/or as the coating is curing. The rotors may be driven by an input shaft of the
twin rotor device and/or may be driven by a pressure differential across an inlet and an
outlet of the twin rotor device. The coating may cure and adhere to some or all of the
mternal surfaces of the twin rotor device.

{8012 fn embodiments where differential pressure drives the rotors and/or otherwise
exists between the inlet and the outlet of the twin rotor device, leakage resulting from
internal clearances may draw a coating precursor material as the coating precursor
material passes through the twin rotor device. As the coating precursor material is
deposited on surfaces defining the mternal clearances, 4 coating is formed on the surfaces
defining the internal clearances, and the coating reduces the various clearances, and the
leakage 1s therchy reduced in arcas where the coating has been depostted/formed. Other
arcas with remaining clearances {¢.g., larger remaining clearances that result in greater
leakage rates) thereby attract the coating precursor material, and the remaining clearances
are also reduced as a coating is also formed on the surfaces defining the remaining
clearances.

{6013) By measuring and monitoring the pressure differential between the inlet and
the outlet and/or rotor speed of the rotors, the leakage rate (c.g., an overall mternal leakage
rate) may be monitored and the coating process may be continued until the internal
leakage rate 15 veduced to a desired level and/or a predeternuned level. The internal
leakage may be measured by various means that may include measuring the pressore
differential with pressure sensors and/or the rotor speed with a tachometer. A serics of
twin rotor devices from a given assembly line and/or multiple assembly lines across the
world can thereby be tuned to have identical or near identical performance characteristics
that are independent of the mancfacturing vaniability of the components.

{01 4] in methods using powder-coating tochuniques and/or other technigues that
require an electrical connection, portiors of the housing that cover a gear set of the rotors
may be left off during the coating process thereby allowing a grounding brosh to contact a

shaft of one or both of the rotors to provide an electrical ground and facilitaie electrostatic
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depositing of powder coating material on the rotors (e.g., while the rotors are spinning).
The other internal surfaces (¢.g.. of the housing) may also be grounded to facilitate
clectrostatic depositing of powder coating material. In certain embodiments, the rotors
and the housing may both be grounded. Tn other embodiments, the rotors and the housing
may be oppositely charged. In ceriain embodiments, the electric charge applied to the
rotors and/or the housing may be positive or negative. In other embodiments, the clectric
charge applied to the rotors and/or the housing may alternate between positive and
negative.

[B015] The coating may be cured by conventional means. For example, the coating
may be cured by evaporation of volatile organic compeunds, a chemical reaction of a two-
part epoxy, heat, ultraviolet energy, powder-coating curing methods, ete. A catalyst may
be apphied to the rotors and/or the housing prior to the coating material being applied (e.g.,
before assembly or sub-assembly). The catalyst may facilitate curing of the coating on the
rotors and/or the housing. The rotors and/or the housing may be coated or partially coated
{e.g., before assembly or sub-assembly) before a final coating s applied on the assembled
or sub-assembled twin rotor device. In certain embodiments, a dry low flash point solvent
may be used to carry the coating. The coating and/or the solvent may be entrained in a
fluid flow (e.g., an air flow) that 1s nm through the twin rotor device. In certain
embodiments, the coating is cured while the rotors are spinning. In certain embodiments,
the solvent may evaporate before the coating material touches the surfaces of the rotor
and/or the housing. In certain embodiments, multiple layers of the coating may be
deposited (i.e., applied).

G016} Another aspect of the present disclosure relates to improvements in reducing
leakage of a twin rotor device. In particular, a method of treating the twin rotor device
mchades providing an at least partially assembled twin rotor device that includes a pair of
rotors and a housing with a first port and a second port. The rotors and the housing define
a s¢t of working surfaces. The working surfaces are adapted to interface with cach other
and thereby interact with gas that passes through the twin rotor device. The method
meludes inducing a coating material to flow from the first port to the second port of the
housing and thereby depositing a coating on the working surfaces. In certain
crbodiments, the first port is an inlet of the twin rotor device, and the sccond port is an
outlet of the twin rotor device. In other embodiments, the first port is an outlet of the twin

rotor device, and the second port is an inlet of the twin rotor device.
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dispenscr. The coating material dispenser may be floidly comnected to the first port of the
housing. The coating material may be entrained in a carrier fluid by the coating material
dispenser. In other embodiments, the second port of the housing is fluidly connected to
the coating material dispenser.

{6018} In certain embodiments, a torque is applied {o at least one of the rotors and
therchy spins the rotors and thereby induces the coating material to flow through the twin
rotor device. In certain embodiments, a differential pressure may be applied across the
first port and the sccond port of the housing and thereby induce the coating material to
flow and further induce the rotors to spin. The differential pressure may be created by
applying a suction at one of the ports of the twin rotor device, and/or applying a pressure
to the other of the ports of the twin rotor device.

106019} A variety of additiona! aspects will be set forth in the description that follows.
These aspects can relate to individual features and/or to combinations of features. ltis to
be understood that both the foregoing general description and the following detailed
description are exemplary and explanatory only and are not restrictive of the broad

concepts upon which the embodiments disclosed herein are based.

BRIEF DESCRIPTION OF THE DRAWINGS

{66263 Figure 1 is a cross-sectional elevation view, including schematic clements, of
a Roots-type device and post-assembly coating system according to the principles of the
present disclosure, a first portion of the cross-section passes through a center-line of a
rotor of the Roots-type device and a second portion of the cross-section passes through a
center of an outlet flow handling assembly of the post-assembly coating systeny

0621} Figure 2 is the cross-sectional clevation view of Figure 1, but with additional
schematic elements and with a portion of a housing of 4 shaft drive of the Roots-type
device and a portion of the shaft drive of the Roots-type device removed therchy allowing
direct electrical and/or mechanical connection to a shaft of the rotor, according to the

principles of the present disclosure;

{66221 Figure 3 is a perspective view of the Roots-type device of Figure 1;
[0823] Figure 4 is the perspective view of Figure 3, bui partially exploded;
10624] Figure 3 1s another perspective view of the Roots-type device of Figure 1
{6025} Figure 6 is the perspective view of Figure 5, but exploded;

|
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[B026] Figure 7 is a graph illustrating performance characteristics of a Roots-type
device and improvements in the performance characteristics that may result gpon applying
a coating to intornal features of the Roots-type device according to the principles of the
present disclosure;

{66271 Figure 8 is a perspective vigw of a screw compressor finished with a post-
assembly coating system, similar (o the post-assembly coating system of Figure 1,
according to the prineciples of the present disclosure;

[6828] Figure 9 s the perspective view of Figure 8, but with a cut-away taken

through center-Enes of rotors of the screw compressor;

{0029 Figure 10 18 another perspective view of the screw compressor of Figure 8;
{80361 Figure 11 is the perspective view of Figure 10, but with a first cut-away taken

throvgh an exhaost port of the screw compressor and a second cut-away taken through a
rotor and 8 housing of the screw compressor; and
10631 Figure 12 is an exploded perspective view of the serew compressor of Figure

8.

DETAILED DESCRIPTION

10632] Reference will new be made in detail to example embodiments of the present
diselosure. The accompanying drawings ilustrate examples of the present disclosure.
When possibie, the same reference numbers will be used throughout the drawings to refer
to the same or like parts. Since many cmbodirents of the invention can be made without
departing from the spirit and scope of the invention, the invention resides in the claims
heremnafter appended.

0833} According to the principles of the present disclosure, clearances may be
reduced and thereby intomnal leakage may be reduced within a twin rotor device (e.g., a
Roots-type supercharger, a screw compressor, etc.) by applying a coating 1o internal
sorfaces of the twin rotor device after rotors and a housing assembly of the twin rotor
device have been assembled together. In certain cmbodimenis, the coating or coatings
may be applied at a factory and be part of a finishing process of the twin rotor device. In
certain embodiments, the twin rotor device may be refurbished by applyving the coatings to
a twin rotor device that has already been in service. Such refurbishment may refurbish the
coatings of the internal surfaces. In other embodiments, such refurbishment may apply a

coating to some ot all of the internal surfaces for the fivst time.  Such refurbishment may

PCT/US2015/038789
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be combined with other new or refurbished parts (e.g., new scals, new bearings, etc.).
Such refurbishment may be done in a factory setting or in a field sctiing.

{0034} Twrning now to Figures 1-6, a Roots-type supercharger is illustrated according
to the principles of the present disclosure. [n other embodiments, a Roots-type expander
may be subject to the same or similar treatment and/or finishing techniques deseribed
hercin., As illustrated at Figures 1-6, 3 Roots-type supercharger 200 inchudes an inlet 202
and an outlet 204, In operation on an intereal combustion cuging, air s drawn through the
indet 202 and pomped from the inlet 202 to the outlet 204. As a displacement of the
supercharger 200 may cxeced a displacement of the internal combustion engine, a pressuie
at the outlet 204 may be greater than a pressure at the joulet 202, The supercharger 200
thereby compresses air or an air-fucl mixture that it delivers to the internal combustion
engine. An amount of compression of the air may be referred to as a pressure vatio. In
graphs tllustrated at Figure 7, certain tests were conducted at a pressure ratio of 1.4:1
10635] The supercharger 200 further includes a set of rotors 220, The st of rotors
228 includes a fivst rotor 220A and a second votor 2208, As illustrated at Figures 1, 2, and
4, a drive shaft 294 may coaxially align with a rotor shaft 280 of the rotor 220A. The rotor
2208 may be powered by a gear set 286. The rotors 220A, 2208 include a phlurality of
lobes 230 and valleys 232, Each of the lobes 230 further inchudes a tip 228, As
ittustrated, the Iobes 230 and the valleys 232 extend along a helical path. In other
embodiments, the lobes 230 and the valleys 232 may be straight. As depicted, the lobes
230 and the valleys 232 define a screw surface 226, The lobes 230 and the valleys 232 of
the rotors 2204, 220B substantially extend between a first end 222 and a second end 224
(see Figures 4 and 6).

{6036} The supercharger 200 further includes a housing assembly 210, As depicted,
the housing assembly 210 includes a main housing 2 10a, an end cap portion 210b, and an
taput power portion 210¢. The housing assembly 210 defines the inlet 202 and the outlet
204. The housing assembly 210 includes an input end 212 and an output end 214 (see
Figure 13, As depicted, the input cud 212 and the output end 214 are substantially
perpendicular to each other. In other embodiments, the input end 212 and the output end
214 may be substantially parallel to each other. In still other embodiments, the nput end
212 and the output cnd 214 may be arranged at an angle with respect to each other. As
depicted, the housing assembly 210 further includes a drive end 216, As depicted, the
rotor shafts 280 generally longitudinally extend between the mput end 212 and the doive

end 216 of the housing assembly 210
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{6037 The housing assembly 218 includes a set of sealing surfaces 218, In the

depicted embodiment, the main housing 2102 of the bousing assembly 210 defines sealing

220A, 2208 when they are adjacent to each other (see Figures 3 and 4). By sealing with
cach other, as uvsed herein, it is understood that running clearances may exist between the
sealing surfaces 218a, 218b and the tips 228, and that leakage may occur between the
sealing surfaces 218a, 218b and the tips 228, As depicted, the tips 228 of the rotor 220A
seal with the circular sealing surface 218a, and the tips 228 of the rotor 220B sealed with
the circular sealing surface 218b. The circular sealing surfaces 218a and 218b may
mersect each other at a pair of cusps.

{88381 As depicted, the ends 222 of the lobes 230 of the rotors 220A, 2208 may seal
against a planar scaling surface 218d of the sealing surfaces 218 {see Figures 4 and 6).
Likewise, the ends 224 of the lobes 230 may secal against a planar scaling surface 218¢ of
the scaling surfaces 21¥ (see Figures | and 6). By scaling with cach other, as used herein,
it is undersiood that ronning clearances may exist between the sealing surfaces 218¢, 218d
and the ends 224, 222, respectively, and that leakage may occur between the sealing
surfaces 218¢, 2184 and the ends 224, 222,

{80394 Tuwning now to Figures 8-12, a screw compressor 1s illastrated according to
the principles of the present disclosure. In other embodiments, a screw expander may be
subject to the same or stmilar treatment and/or finishing techniques described herein. As
illustrated at Figures 8-12, a screw corapressor 1200 mcludes an indet 1202 and an outlet
1204, o operation on an internal combustion engine, atr 15 drawn through the inlet 1202
and pumped from the nlet 1202 to the outlet 1204, As a displacement of the serew
compressor 1200 may exceed a displacement of the internal combustion engine and/or as
compression may be imposed on a working fhid within the screw compressor 1200, a
pressure at the outlet 1204 may be greater than a pressure at the inlet 1202, The screw
compressor 1200 may therchy compress air or an air-fuel mixture that it delivers to the
internal combustion engine. As mentioned above, an amount of conpression of the aw
may be referred to as a pressure ratio.

{6640} The screw compressor 1200 further inchudes a set of rotors 1220, The set of
votors 1220 inchudes a first rotor 1220A and a second rotor 12208, In the depicted
embodiment, the fivst rotor 1220A is a male rotor, and the second rotor 12208 is a fomale
rotor. As illustrated at Figore 9, a drive shaft may coaxially align with a rotor shaft of the

rotor 1220A. The rotor 12208 may be powered by a gear set or directly by the rotor
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1220A. Therotors 12204, 12208 include a plurality of lobes 1230 and valleys 1232,
Each of the lobes 1230 further includes a tip 122¥ (see Figure 12). As illustrated, the
lobes 1230 and the valleys 12372 extend along a helical path. As depicted, the lobes 1230
and the valleys 1232 define a screw surface 1226, The lobes 1230 and the valleys 1232 of
the rotors 1220A, 12208 substantially extend betwoen a first end 1222 and a second end
1224 {sec Figures 11 and 12).

16041} The screw compressor 1200 further inchudes a bousing assembly 1210, As
depicted, the housing assembly 1210 includes a main housing 12104, a first end cap
portion 1210b, and a second end cap portion 1210c. The housing asscmbly 1210 defines
the inlet 1202 and the outlet 1204, The housing assembly 1210 includes an input end 1212
and an output end 1214 (see Figures 8 and 10). As depicted, the input end 1212 and the
output end 1214 are substantially parallel to cach other. In other embodiments, the input
end 1212 and the outpui end 1214 may be substantially perpendicular to cach other. In
still other embodiments, the input end 1212 and the ouiput end 1214 may be arranged at an
angle with respect to cach other. As depicted, the housing assembly 1210 further includes
a drive end 1216 (see Figure 8). As depicted, the rotor shafts generally longitudinally
extend parallel to the fnput end 1212 and the output end 1214 and exit perpendicular 1o the
drive end 1216 of the housing assembly 1210,

{68421 The housing assembly 1210 includes a set of sealing surfaces 1218 (see Figure
11}, In the depicted embodiment, the main housing 1210a of the housing assembly 1210
defines sealing surfaces 1218a, 1218b of the sealing surfaces 1218 that seal with the tips
1228 of the rotors 12204, 12208 when they are adjacent to each other. By sealing with
cach other, as used herein, it is understood that runoing clearances may exist between the
scaling surfaces 1218a, 1218b and the tips 1228, and that leakage may occur between the
sealing surfaces 121%a, 1218b and the tips 1228, As depicted, the tips 1228 of the rotor
1220A seal with the cireular scaling surface 1218a, and the tips 1228 of the rotor 12208
sealed with the circular sealing surface 1218b. The circular sealing surfaces 12182 and
1218b may intersoct cach other at a pair of cusps.

{60343} As depicted, the ends 1222 of the Iobes 1230 of the rotors 12204, 12208 may
scal against a planar scaling surface 1218d of the sealing surfaces 1218 {see Figure 1)
Likewise, the ends 1224 of the lobes 1230 may seal against a planar sealing surface 1218¢
of the scaling surfaces 1218 (see Figure ). By scaling with each other, as used herein, it

is understood that running clearances may exist between the sealing surfaces 1218¢, 1218d
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and the ends 1224, 1222 respectively, and that leakiage may occur between the scaling
surfaces 1218¢, 1218d and the ends 1224, 1222.

{00441 Asillustrated at Figures 4, 6, 9, 11, and 12, the lobes 230, 1230 and the valloys
232, 1232 of the rotors 2204, 2208, 12204, 12208 intermesh with and seal with cach
other, respectively. By sealing with each other, as used herein, it is understood that
running clearances may oxist between the lobes 230, 1230, incloding the tips 22¥, 1228
and the valleys 232, 1232 of the opposite rotor 2208, 2204, 12204, 12208, and that
leakage may occur between the lobes 230, 1230, inchuding the tips 228, 1228 and the
corresponding valleys 232, 1232, As the rotors 2204, 2208, 12204, 12208 rotate, the
screw surfaces 226, 1226 and the tips 228, 1228 move o and out of intermeshing with the
screw surfaces 226, 1226, and the tips 228, 1228 of the opposing rotor 2208, 2204,
1220A, 1220B and the tips 228, 1228 transition to sealing with the corresponding circular
scaling surfaces 218a, 218b, 1218a, 1218b.

1h645] As depicted, an inlet voluroe 240 1s defined by the circular scahing surface
218a, 218b, 1218a, 1218b, the planar sealing surface 218¢, 1218¢, and the screw surfaces
226, 1226, respectively. As defined herein, the tnlet volume 2440 is open to the inlet 202,
1202, Upon the rotors 2204, 2208, 12204, 12208 rotating, portions of aiv within the
supercharger 200 or the screw compressor 1200 become closed off from the inlet 202,
1202 and thercby are transferred from the nlet volume 240 to a transfor volame 242. The

transfer vohume 2472 is closed off from both the inlet 202, 1202 and the outlet 204, 1204,

supercharger 200 or the screw compressor 1200 that weve part of the transfer volume 242
are open to the outlet 204, 1204 and thereby become part of an cutlet volume 244, In this
way, air is moved through the supercharger 200 or the screw compressor 1200 by
transtferring through the mlet 202, 1202 and becoming part of the mlet volume 244,
passing from the inlet volume 2490 to the transtfer vohume 242, and further passing from the
transfer volume 242 to the outlet volume 244, As the pressure at the owtlet 204, 1204 i
typically higher than the pressure at the inlet 202, 1202, air (or other gas) within the outlet
volume 244 1s urged to leak to the transter volume 242, and air within the transfer volume
242 may be urged to leak to the inlet vohume 240.

[0846] According to the principles of the present disclosure, clearances between the
tips 228, 1228 of the rotor 220A, 1220A and the circular sealing surface 2183, 1218a,
clearances between the tips 228, 1228 of the rotor 2208, 12208 and the circular sealing

surface 218b, 1218b, clearances between the end 222, 1222 of the lobes 230, 1230 and the
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planar sealing surface 2184, 12184, clearances between the end 224, 1224 of the lobes
230, 1230 and the planar sealing surface 21¥c, 1218c¢, and clearances between the
mtermeshing lobes 230 1230 and valleys 232, 1232 of the rotors 2204, 2208, 1220A,
12208 are veduced and thereby leakage within the supercharger 200 and/or the screw
compressor 1200 is reduced.

{6047} In the embodiment depicted at Figure 1, an application assembly 100 is
formed by assembling the supercharger 200 to application hardware 300. The application
hardware 300 may include a holding fixture 400 to which the supercharger 200 may be
mounted. As depicted, the holding fixture 400 is holding the supercharger 200 with the
axes of the rotors 2204, 2208 extending in a horizontal plane. In other embodiments, the
holding fixture 400 may hold the supercharger 200 such that the axes of the rotors 220A,
2208 extend horizontally but a plane that tncludes both of the axes extends vertically. In

still other embodiments, the holding fixture 400 may hold the supercharger 200 such that

the holding fixture 400 may hold the supercharger 200 in other orientations. As depicted,
a mounting plate 450 may be included between the holding fixtme 400 and the housing
asserubly 210 of the supercharger 200, As depicted, the holding fixture inchuades a passage
402, and the mounting plate 450 includes a passage 452 that substantially aligns with the
outlet 204 of the supercharger 200. In other embodiments, the holding fixture 400 may be
arranged such that the passage 402 and/or the passage 252 align with the inlet 202, As
depicted, the holding fixture 400 further holds outlet side hardware 500 of the application
hardware 300. In other embodiments, the outlet side hardware 500 may mount directly to
the outlet 204 of the supercharger 200.

[848] in the embodiment depicted at Figure 2, an application assembly 100/ is
formed by assembling certain parts of the supercharger 200 to the application hardware
300. In the depicted embodiments, the apphcation assembly 100 is similar to the
application assembly 100, except the input power portion 2 10¢ of the bousing assembly
210, the drive shaft 294, a drive pulley 292, and other parts of a drive assembly 290 arc
removed to provide access to the rotor shafts 280, fn particular, by removing the portion
210¢ of the housing assembly 210, a first end 282 of cach of the rotor shafts 280 is
exposed. In other cmbediments, provisions may be made o exposc a second end 284 of
cach of the rotor shafts 280, Removing the portion 210¢ of the housing assembly 210 may

also expose the gear set 286 and interfere with a lubrication system that otherwise
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lubricates the gear set 286, However, a temporary lobrication system 800 with a
tubrication nozzle %02 may be directed at the gear set 286 to provide hubrication.

[0849] An application assembly, similar to the application assemblics 160, 1060/, may
be formed by assembling the screw compressor 1200 to application hardware similar to or
the same as the application hardware 300. Furthermore, an application assembly, similar
to the application assemblies 100, 100, may be formed by assembling a twin rotor device
to application bardware similar to or the same as the application hardware 300.

[6858] The outlet side hardware 500 may include a coating material collector S28; a
flow device 530; a heat exchanger 540; a contoured flow passage 550; and/or flow control,
mstrument, and/or material injection/recovery equipment 560,

{8051 As schematically depicted, the equipment 560 is arranged in a housing with a
first port 562 and a second port 564, The contoured flow passage S5 includes a first port
552 and a sccond port 554, A passage 556 connects the first port 552 to the second port
554, As depicted, the first port 552 15 mounted to the passage 402 of the helding tixture
400, In other embodiments, the contoured flow passage 550 may comnect directly to the
outlet 204, 1204 of the supercharger 200, the screw compressor 1200, or other twin rotor
device. The second port 554 of the condoured flow passage 550 may be fluidly connected
to the first port 562 of the housing of the equipment 560.

{0521 The application hardware 300 may further inchude inlet side hardware 600. Asg
depicted, the nlet side hardware 600 may mount directly to the inlet 202, 1202 of the
supercharger 200, the screw compressor 1200, or other twin rotor device. In other
embodiments, the holding fixture 400 holds the inlet side hardware 600 of the application
hardware 300. The inlet side hardware 600 may mclude a material dispenser 616; a flow
device 630; a heat exchanger 64{; a contourcd flow passage 650; and/or flow control,
mstrument, and/or material injection/recovery equipment 660,

[6683] As schematically depicted, the equipment 660 1s arranged in a housing with a
first port 662 and a second port 664, The contoured flow passage 65{ includes a first port
652 and a sccond port 654, A passage 656 connects the fivst port 652 to the second port
654, As depicted, the first port 652 1s mounted divectly to the inlet 202, 1202 of the
sapercharger 200, the screw compressor 1200, or other twin rotor device. In other
cmbodiments, the contoured flow passage 650 may connect to the passage 402 of the
holding fixture 400, The second port 654 of the contoured flow passage 650 may be

fluidly comnected to the first port 662 of the housing of the equipment 660,
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{8054} In alternative embodiments, a material dispenser 10 may be mchided with the
outlet side hardware 50, and/or a material collector 620 may be included with the inlet
side hardware 600 (see Figure 2.

{08551 fn certain embodiments, a coating material 102 is entrained by a carrier
material 104 (e.g., air, nitrogen, argon, etc.) by the material dispenser 510 or the material
dispenser 610 (see Figures 1 and 2). I the coating material 102 is supplied by the material
dispenser 510, the supercharger 200, the screw compressor 1200, or other twin rotor
device is run in reverse and therchy the coating material 102, enirained in the carrier
material 104, is moved first into the outlet 204, 1204 of the supercharger 200, the screw
compressor 1200, or other twin rotor device and backward through the supercharger 200,
the screw compressor 1200, or other twin rotor device toward the nlet 202, 1202, ifthe
coating material 102 is supplicd by the material dispenser 610, the supercharger 200, the
screw compressor 1200, or other twin rotor device is run in a normal direction and thercby
the coating material 102, entrained in the carrior material 104, 1s moved first into the inlet
202, 1202 of the supercharger 200, the screw compressor 1200, or other twin rotor device
and forward through the sapercharger 200, the screw compressor 1200, or other twin rotor
device toward the outlet 204, 1204.

{08561 n certain backward running embodiments, excess coating material of the
coating material 102 that passes through the supercharger 200, the screw compressor
1200, or other twin rotor device without adhering may be collected by the material
collector 620 within the housing of the inlet side hardware 600, Likewise, in certain
forward running embodiments, excess coating material of the coating material 102 that
passes through the supercharger 200, the screw compressor 1200, or other twin rotor
device without adhering may be collected by the material collector 520 within the housing
of the outlet side hardware S00.

168571 In certain embodiments, reciraudation plumbing 310 is connected between the
second port 664 of the housing of the equipment 660 and the second port 564 of the
housing of the equipment 560. Yo particular, 2 first port 312 of the recirculation plumbing
310 may be connected to the second port 664 of the housing of the equipment 660, and a
second port 314 of the recirculation plombing 310 may be conmected to the second port
564 of the housing of the equipment 360. 1o certain embodiments, the carrier material 104
18 recirculated. In cortain embodiments, the carrier material 104 along with unused

coating material of the coating material 102 may be recirculated. In still other
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embodiments, the recirculation phumbing 310 is not used, and instead fresh coating
material 102 and/or fresh carrier material 104 is used.

[0858] As the coating material 102 passes through the supercharger 200, the screw
compressor 1200, or other twin rotor device, a portion of the coating material 102 will
adhere to the sealing sorfaces 218, 1218 of the housing assembly 216, 1210 and the ends

222,224, 1222, 1224, screw surfaces 226, 1226, and tips 228, 1228 of the rotors 2204,

1218, 1222, 1224, 1226, 1228 may create leakage between the adjoining surfaces 218,
222,224, 226,228, 1218, 1222, 1224, 1226, 1228, Such leakages will encourage the
coating material 102 and/or the carrier material 104 to pass through the clearances and
deposit the coating material 102 on the swrfaces 218, 222, 224, 226, 228, 1218, 1222,
1224, 1226, 1228, As the coating material 102 collects on the surfaces 218, 222, 224, 226,
228, 1218, 1222, 1224, 1226, 1228, a coating 206, 1206 is formed on the surfaces 218,
222,224, 226,228, 1218, 1222, 1224, 1226, 1228, As will be described hereinafter, the
coating 206, 1206 may cure into a solidified coating surface 206, 1206, The coating 206,
1206 may form a permanent or a seni-permanent coating on the surfaces 218, 222, 224,
226,228, 1218, 1222, 1224, 1226, 1228,

{8859 n certain embodiments, the coating 206, 1206 is cured while the rotors 2204,
2208, 1220A, 12208 are spinming. In ceortain embodiments, the coating 206, 1206 may
further wear-in and thereby further finish ttsclf over a wear-in period. In certain
embodiments, the coating material 102 and/or the carrier material 104 may be run through
the supercharger 200, the serew compressor 1200, or other twin rotor device in a first
direction from the inlet 202, 1202 to the outlet 204, 1204 and additional material may be
applied by running the supercharger 200, the scrow compressor 1200, or other twin rofor
deviee in reverse with the coating material 102 and/or the carvier material 104 generally
passing from the outlet 204, 1204 to the mmdet 202, 1202, In certain embodiments, the
coating material 102 may be first applied by running the supercharger 200, the scrow
compressor 1200, or other twin rotor device io the reverse divection.

Y] Turning again 1o Figures | and 2, a control system 900 may be used
applying the coating material 102, emitting the carrier material 104, and/or curing the
coating material 102 into the coating 206, 1206. As depicted at Figures 1 and 2, the
contrel system 960 may inchude and/or interface with one or more flow monttors 210 (ic.,
flow sensors), pressure monitors 920 (i.e., pressure sensors), temperature monitors 930

(i.e., temperature sensors), state sensors 940, tachometers 950, rotary inputs 960 (e.g.,
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motors, speed controllers, torque controllers, eic.), electrostatic generators 700, ete, As
meuntioned above, the supercharger 200, the screw compressor 1200, or other twin rotor
device may be run i the forward direction ot in the reverse direction. The various
components of the control system 900 and equipment 560, 660 may be arranged to match
the direction chosen to run the supercharger 200, the screw compressor 1200, or other twin
rotor device when applying the coating material 102, The supercharger 200, the screw
compressor 1200, or other twin rotor device may also be vun in both the forward and the
reverse rotational divections when applying the coating material 102 to form the coating
206, 1206.

{88611 As depicted, various sensors and application hardware are schomatically
illustrated m the outlet equipment group 560 and the inlet equipment group 660, In certain
embodiments, the varions sensors and application equipment may only be located in the
outlet equipment group 560 or the inlet equipment group 660, Certain equipment and/or
cerfain sensors may be located in both the outlet equipment group 560 and the inlet
cquipment group 660, In particalar, the flow momtor 916 may include an outlet flow
monitor 9100 and an inet flow monitor 911, Likewise, the pressure monitor 920 may
melude an outlet pressure monitor 9200 and an inlet pressure monitor 9201, The pressure
monttors 9200, 9201 may be used 1o measure a differential pressure across the outlet 204,
1204 and the inlet 202, 1202 of the supercharger 200, the screw compressor 1200, or other
twin rotor device. The temperature monitor 930 may inciude an outlet temperature
monitor 9300 and an inlet tomperature monttor 9301 The state sensor 940 may include an
outlet state sensor 9400 and an inlet state sensor 9401, The state sensors 940, 9400, 94
may be used to measure an amount of the coating material 102 and/or the carrier material
104 and = percentage (¢.2., by weight) of the coating material 102 and/or the carrier
material 104 that are in solid, hquid, and/or gaseous form.

{0062} The control system 800 may send commands to the flow device 530 and/or the
flow device 630 and thereby generate differential pressure across the inlet 202, 1202 and
the outlet 204, 1204 of the supercharger 200, the screw compressor 1200, or other twin
rotor device. The control system may further initiate coating material 102 and/or carrier
material 104 being dispensed from the material dispenser 510 and/or the material
dispenscr 610

{08631 By monitoring a rotational speed of the rotors 2204, 2208, 12204, 12208
with the tachometer 950, the development of the coating 206, 1206 may be estimated. In

particular, as the coating material 102 is converted into the coating 206, 1206, the various
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clearances within the supercharger 200, the screw compressor 1200, or other twin rotor
device may be reduced and the leakage across the clearances may be reduced. Undera
given differential pressure gencrated by the flow device 530 and/or the flow device 630,
the speed of the rotors 2204, 2208, 12204, 12208 may increase with decreasing internal
clearances. By monitoring the increase i the rotor speed, the condition of the coating
206, 1206 may be estimated. Upon a certain condition of the coating material 206, 1206
being reached, the injection of the coating material 102 and/or the carrier material 104
may be suspended. As mentioned above, the supercharger 200, the screw compressor
1204, or other twin rotor device may continue to run after the suspension of the coating
material 102 and/or the carrier material 104, In particular, the coating 206, 1206 may be
allowed to cure while the supercharger 200, the screw compressor 1200, or other twin
rotor device 1s running (1.e., the rotors 220A, 2208, 12204, 12208 arc spinning).

{68641 In certain embodiments, the rotary input 960 may be connected to the rotors

rotary fnput 960 is conmected to the drive pulley 292 by a drive belt 962. The rotary input

960, under the control of the control system 900, may apply a resisting torque that slows

supplied by the rotary foput 960 may vary as the coating material 102 is applied to form
the coating 206, 1206, The rotary input 960 may be set to maintain a given speed of the
rotors 220A, 2208, 12204, 12208 while allowing the drag torque (.., the resisting
torque) to vary. In general, the drag torque will be increased as the coating 206, 1206 15
formed and the differential pressure across the inlet 202, 12072 and the outlet 204, 1204 18
maintained. Feedback from the rotary input 960 may thereby be used to indicate when the
coating 206, 1206 has reached various states including a state where emission of the
coating material 102 is suspended.

{80s5] In certain embodiments, the rotary input 960 may drive the supercharger 200,
the screw compressor 1200, or other twin rotor dovice and induce flow through the
supercharger 200, the screw compressor 1200, or other twin rotor device and create a
pressure differential across the supercharger 200, the serew compressor 1200, or other
twin rotor device (i.e., across the inlet 202, 1202 and the outlet 204, 1204}, The flow
created by the rotary input 960 when driving the sepercharger 200, the screw compressor
1200, or other twin rotor device may entrain the coating material 102 and/or the carrier
material 104 and thereby form the coating 206, 1206, The coating 206 may reduce

internal clearances and thereby result in an increase in the pressure differential across the
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sapercharger 204}, the screw compressor 1200, or other twin rotor device. By monitoring
the prossure differential across the supercharger 200, the screw compressor 1200, or other
twin rotor device, the state of the coating 206, 1206 may be cstimated. When a state of the
coating 206, 1206 reaches a predetermined level, further application of the coating
material 102 and/or the carrier material 104 may be suspended.

[0866] In addition to the aforementioned parameters of rotor rotational speed, rotor
retarding torque, and pressure differential being used as foedback to monitor the state of
the coating 206, 1206, leakage across the supercharger 200, the screw compressor 1200, or
other twin rotor device may also be measured and/or estimated. The leakage may likewise
be used to suspend further application of the coating material 102 and/or the carrier
material 104 when a state of the coating 206, 1206 reaches a predetermined level.

{80571 As the coating material 102 and/or the carmier material 104 flow through the
supercharger 200, the screw compressor 1200, or other twin rotor device, the coating
material 102 and/or the carrier material 104 will generally follow a path of least resistance.
The coating material 102 and/or the carrier material 104 will therefore seck out larger
clearances between the surfaces 218, 222, 224, 226, 228, 1218, 1222, 1224, 1226, 1228
and pass through and fill the larger clearances first. In certain crubodiments, as the coating
material 102 and/or the carrier material 104 flow through the clearances, thermodynamic
properties of the coating material 102 and/or the carrier material 104 may change and
thercby assist in depositing the coating material 102 as the coating 206, 1206. In certain
embodiments, leakage across the clearances produces heat from work being provided by
the afr, the coating material 102, and/or the carrier material 104 flowing across 8 pressure
drop. The heat from the leakage may be used to assist in depositing the coating material
102 as the coating 206, 1206.

{80638 The supercharger 200, the screw compressor 1200, or other twin rotor device
may be run without the coating material 102 and/or without the camier material 104 fora
given period to heat the supercharger 204, the screw compressor 1200, or other twin rotor
device. Upon a desived temperature profile of the supercharger 200, the screw compressor
1200, or other twin rotor device being reached, the coating material 102 and/or the carrier
material 104 may be applied.

[00469] As mentioned above, the coating material 102 may include powder coating
componeuts or other compounents that oay be activated or otherwise affected by
application of electricity (e.g., electric charge). As illustrated at Figure 2, the electrostatic

generator 700 is connected o one or both of the rotor shafis 280 by a conductive lead 702
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{(e.g., a brush}. A conductive lead may also be connected to one or more parts of the
housing assembly 210, The rotor shaft 280 and the rotors 220A, 2208, 1220A, 12208
may be made of 2 conductive material and thereby charge the surfaces 218, 220, 224, 226,
228, V218, 1222, 1224, 1226, 1228 with electricity (e.g., static electricity). Such static
electricity may draw the coating material 102 to the surfaces 218, 222, 224, 226, 2238,
1218, 1222, 1224, 1226, 1228 and therehy assist in converting the coating material 102 (o
the coating 206, 1206, In certain embodiments, the coating material 102 and/or the carrier
material 104 may be electrically charged.

[6070] The carricr material 104 may inclode a fow flash point solvent. The coating
material 102 may be carried by the carrier material 104, and the carrier material 104 may
evaporate prior to the coating material 102 reaching the surfaces 218, 222, 224, 226, 225,
1218, 1222, 1224, 1226, 1228. The coating material 102 may thereby be applied to the
surfaces 218, 222, 224, 226, 228, 1218, 1222, 1224, 1226, 1228 dry.

16071} Turning now to Figure 7, a graph 1000 showing experimental results of
applying a particular coating material 102 to a particular supercharger 200 1s illastrated.
In particelar, the graph 1000 Hlustrates a relationship between a baseline performance
1030 of the supercharger 200 and an enhanced performance achieved with the coating
material 102 freshly applied as the coating 206, as illustrated at curve 1040, A curve 1050
illustrates a performance of the coating 206 after the coating 206 has worn-tn. The graph
1000 plots the rotational speed of the rotors 220A, 2208 along an X-axis 1020 and plots a
volumetric efficiency 1010 of the supercharger 200 along a Y-axis 1010, As can be seen,
mitial application of the coating material 102 increased the volumetric efficiency of the
sapercharger 200 between the speeds of 4,000 and 8,000 revohstions per minute. The
experimental coating 206 was applicd via a spray-on dry graphite material 102, The
experiment illustrates that the coating 206 of the coating material 102 was effective n
tncreasing the volometric efficiency of the supercharger 200.

0872} In various embodiments, twin rotor devices with coatings such as the coatings
206, 1206, described above, may be used to pump compressible and/or non-compressibie
fluids. In varions embodiments, twin rotor devices with coatings such as the coatings 206,
1206, described above, may be used to extract shaft power from compressible and/or non-
compressible fluids.

[0673] From the forgoing detailed description, it will be evident that modifications

and vartations can be made without departing from the spirit and scope of the disclosure.
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WHAT IS CLAIMED IS:

1. A method of treating a twin rotor device (200, 1200), the method comprising:

providing the twin rotor device, the twin rotor device including 2 pair of rotors
(220, 1220) and a housing (210, 1210) with a first port (202, 204, 1202, 1204)and a
sccond port (204, 202, 1204, 1202), the rotors and the housing defining a set of working
surfaces (218, 222, 224,226, 228, 1218, 1222, 1224, 1226, 1228) adapted to interface with
each other; and

mducing a coating material (102} to flow from the first port toward the second port
of the housing and therchy depositing at least some of the coating material as a coating

(206, 1206) on at least some of the working surfaces.

2. The method of claim 1, wherein the first port 1s aninlet (202, 1202) of the twin

rotor device and wherein the second port s an outlet (204, 1204) of the twin rotor device.

3. The method of claim 1, wherein the first port is an outlet (204, 1204) of the twin

rotor deviee and wherein the second port is an inlet (202, 1202) of the twin rotor device.

4. The method of claim 1, forther comprising:
providing a coating material dispenser (510, 610);

fluidly connecting the coating materiaf dispenser to the first port of the housing;

and

entraining the coating material in a carrier fluid (104) with the coating material
dispenser.
5. The method of claim 1, further comprising:

applying a torgue to at fcast one of the rotors thereby spinning the rotors and
therchy inducing the coating material to flow from the first port toward the second pott

of the housing.

6. The method of claim 1, forther comprising:
applying a pressure differential across the first port and the second port of the
housing and thereby inducing the coating material to flow from the first port toward the

second port of the housing.

7. The method of claim 6, wherein the pressure differential further spins the rotors.
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8. The method of claim 1, futher comprising:
measuring an operating parameter of the twin rotor device as the at least some of
the coating material is deposited on the at least some of the working surfaces; and
discontinuing the depositing of the at least some of the coating material upon the

operating parameter reaching a predetermined valuoe.

9. The method of claim &, wherein the operating parameter is a rotational speed of at

least one of the rotors.

10, The method of claim 8, wherein the operating parameter is a torque applied on at

feast one of the rotors.

11, The method of claim &, wherein the operating parameter is a pressure differential

value across the first port and the second port of the housing.

12, The method of claim 8, wherein the operating paramcter is a net internal leakage of

the twin rotor device.

13, The method of claim 1, wherein the twin rotor device 15 a Roots-type device.
14, The method of claim 1, wherein the twin rotor device is 2 screw-type device.
1S The method of claim 1, wherein the twin rotor device is adapted to pump a

compressible fluid.

16.  The method of claim 1, wherein the twin rotor device is adapted to purmp a non-

compressible fluid.

17, The method of claim 1, wherein the twin rotor device is adapted to extract shatt

power from a compressible thid.

18, The method of claim 1, wherein the twin rotor device is adapted to extract shaft

power from a non-conpressible fhud.

19, Atwin rotor device (200, 1200) comprising:
a pair of rotors (220, 1220} with a set of surfaces having rotor component
tolerances;

& housing (210, 1210) with a set of surfaces having housing compounent folerances;

)
]



WO 2016/004179 PCT/US2015/038789

a set of inttial clearances defined among the sets of surfaces as the pair of rotors
rotate through a cycle of the twin rotor device;

a coating on at least some of the surfaces of the sets of surfaces, the coating
forming working surfaces within the twin rotor device;

a set of finished clearances defined among the working surfaces as the pair of
rotors rotate through the cycle of the twin rotor device; and

& sct of clearance magnitudes of the set of finished clearances, the set of clearance
magunitudes established independently of the rotor component tolerances and the housing

component tolerances.

20.  The twin rotor device of claim 19, wherein the coating is applied on the at least
some of the surfaces of the sets of surfaces after the pair of rotors and the housing are

assembled together.

21, The twin rotor device of claim 19, further comprising:

a material condition of the pair of rotors between a maximum material condition
and a minimum material condition defined by the rotor component tolerances;

a material condition of the housing between a maximum material condition and a
minimurm material condition defined by the housing componeut tolerances; and

an internal leakage rate that is independent of the material conditions.

22.  The twin rotor device of ¢laim 19, further comprising:

a material condition of the pair of rotors between a maximum material condition
and a minimum material condition defined by the rotor component tolorances;

& material condition of the housing between a maximum material condition and a
minimm material condition defined by the housing component tolerances; and

a volumetric efficiency that is independent of the material conditions.

23. The twin rotor device of claim 19, wherein the twin rotor device is a Roots-type

device.

24, The twinrotor device of claim 19, wherein the twin rotor device 1S a screw-type

device.

A method of assembling a twin rotor device (200, 1200), the method comprising:

N2
W

-]
(8]
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providing the twin rotor device, the twin rotor device including a pair of rotors
(220, 1220} and 8 housing (210, 1210) with a first port (202, 204, 1202, 1204 and 2
sccond port (204, 202, 1204, 1202), the rotors and the housing defining a set of working
surfaces (218, 222,224, 226, 228, 1218, 1222, 1224, 1226, 1228) adapted to interface with
each other;

assembling the pair of rotors and the housing to each other; and

applying a coating material (102) to the set of working surfaces afier the
assembling of the pair of rotors and the bousing and thereby building-up the set of

working surfaces.

26. The method of ¢laim 25, further comprising:
tening the twin rotor device by discontinuing the applying of the coating material

when a predeternuned value of a parameter of the twin rotor device is achieved.

27.  The method of claim 26, wherein the parameter includes a votational speed of at
least one of the pair of rotors, a torque applied on at least one of the pair of rotors, &
pressore differential valie across the first port and the second port of the housing, and/or a

net internal leakage of the twin rotor device.

28, The method of claim 26, wherein manufacturing variations of the patr of rotors and
the housing are compensated by the applying of the coating material thereby substantially
removing mfhience of the manufactoring variations on a performance characteristic of the

twin rotor device.
29, The method of claim 25, wherein the twin rotor device 1s a Roots-type device.

30, The method of claim 25, wherein the twin rotor device is 8 screw-type device.



PCT/US2015/038789

1/8

WO 2016/004179

OCE

142"

L Old



218

PCT/US2015/038789

WO 2016/004179

&\%N
| 0v9 | [ 029 ) o0z
L0701 | 019 |

099 | 056
L T0V6 | | 1056 |
{1026 | | 1676 |
Y,
AT
00v
| 0vS | [ 0%% ] o
\ L 025 1 | DIG |
098 .
a0 5 [55E ¢ Sl
\\\\owm E\m/f_ommmm mogmm



3/8
WO 2016/004179 PCT/US2015/038789




4/8
WO 2016/004179 PCT/US2015/038789




PCT/US2015/038789

5/8

WO 2016/004179

{ugy) pends sslmysiadng @
0008 0009t 0u0'PY 0u0'7Y 00001 000’8 000’9 ono'y oo’
#
\\\\\\\\\\\\\\\\ U-UIOAA
Jueor) 1593 30UeI0LEY S101dWoD SUD JOLE 1591 DY - UM PBIETT « » memw
................ w
s1uRUOdLICS FRUISIU IN0YSNoIYY Wi 35eRu5 a1r)d 0coL \ -
Buriag pue BUISNoY Paleo)) 'S10104 PBIB0D SjGRERINY - HU PBIESS v v /V\ V4
£,
.7 N
TAUO 510104 POYRCD BIQBEPEIQY - $BIUEIESD DIvpURS V4 0501
Nl
o
;ﬁa\&\&\.\l )
g&%:a!n‘!aﬂlﬂlﬁln ~ \\1
ORITnEIIOIR EVs
a8 e
™
ennr bl -

Hdt'T @ ADUDIDILT SLIDWINJOA

G001

L
7))

<
W

0g

06

"}
O

i

{95} 533

~(E01




6/8
WO 2016/004179 PCT/US2015/038789

12100 AT\ 2% FIG. 9

1200




78

PCT/US2015/038789

WO 2016/004179

1210

1200

¥
1210b

1210

.

FIG. 10



8/8
WO 2016/004179 PCT/US2015/038789




International application No.

A A AR
INTERNATIONAL SEARCH REPORT PCT/US2015/038789

A. CLASSIFICATION OF SUBJECT MATTER
F04C 18/18(2006.01)i, F04C 29/00(2006.01)i

According to International Patent Classification (IPC) or to both national classification and [PC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
F04C 18/18; F02B 39/00; FO4C 29/00; FO2B 33/36; B29C 39/10; FO4C 15/00; FO4C 18/16

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
cKOMPASS(KIPO internal) & Keywords: twin rotor, port, coating, dispenser, root, and screw

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X JP 10-299676 A (KOBE STEEL LTD.) 10 November 1998 1-30
See paragraphs [0028], [0029] and figure 8.
A WO 2013-137266 A1 (NISSAN MOTOR CO., LTD.) 19 September 2013 1-30
See paragraphs [0013]-[0026] and figures 1-4.
A JP 06-170862 A (HONDA MOTOR CO., LTD.) 21 June 1994 1-30
See paragraphs [0008]-[0019] and figures 1-6.
A US 2008-0292486 A1 (OUWENGA, DANIEL R.) 27 November 2008 1-30
See paragraphs [0012]-[0018] and figures 1-3.
A JP 2002-213381 A (TOCHIGI FUJI IND. CO., LTD.) 31 July 2002 1-30

See paragraphs [0061]-[0066] and figures 1-3.

|:| Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
"E" carlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
"L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
"O" document referting to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art
"P"  document published prior to the international filing date but later "&" document member of the same patent family
than the priority date claimed

Date of the actual completion of the international search
24 September 2015 (24.09.2015)

Date of mailing of the international search report

24 September 2015 (24.09.2015)

Name and mailing address of the [SA/KR

International Application Division

Korean Intellectual Property Office

189 Cheongsa-10, Seo-gu, Daejeon Metropolitan City, 35208,
Republic of Korea

Facsimile No, +82-42-472-7140

N

Authorized officer

LEE, Chang Ho

Telephone No.

N
DI

3
3R

+82-42-481-8398

Form PCT/ISA/210 (second sheet) (January 2015)



INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members PCT/US2015/038789

Patent document Publication Patent family Publication

cited in search report date member(s) date

JP 10-299676 A 10/11/1998 None

WO 2013-137266 Al 19/09/2013 WO 2013-137266 Al 19/09/2013

JP 06-170862 A 21/06/1994 None

US 2008-0292486 Al 27/11/2008 CN 101680448 A 24/03/2010
CN 101680448 B 10/10/2012
EP 2148989 A2 03/02/2010
JP 2010-528209 A 19/08/2010
KR 10-1491187 B1 06/02/2015
KR 10-2010-0023808 A 04/03/2010
US 8075293 B2 13/12/2011
WO 2008-142533 A2 27/11/2008

JP 2002-213381 A 31/07/2002 None

Form PCT/ISA/210 (patent family annex) (January 2015)



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - wo-search-report
	Page 35 - wo-search-report

