wO 2016/16429°7 A1 [N I N0F 00 000 O O 0O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

13 October 2016 (13.10.2016)

WIPOIPCT

(10) International Publication Number

WO 2016/164297 Al

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

31

International Patent Classification:
FO01D 25/24 (2006.01) F02B 37/00 (2006.01)
FO01D 25/18 (2006.01)

International Application Number:
PCT/US2016/025841

International Filing Date:
4 April 2016 (04.04.2016)

Filing Language: English
Publication Language: English
Priority Data:

62/145,691 10 April 2015 (10.04.2015) US

Applicant: BORGWARNER INC. [US/US]; Patent De-
partment, 3850 Hamlin Road, Auburn Hills, Michigan
48326 (US).

Inventors: LUCAS, Evan; 5335 East Fork Road, Mar-
shall, North Carolina 28753 (US). MOSCETT]I, Jason P.;
106 Braemar Dr., Hendersonville, North Carolina 28791
(US). LONGACRE, Christian; 112 Mulberry Pl., Arden,
North Carolina 28704 (US).

Agents: BROOKS, Cary W. et al.; Brooks Group, 48685
Hayes, Shelby Township, Michigan 48315 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,

(84)

BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant'’s entitlement to apply for and be granted a
patent (Rule 4.17(i1))

as to the applicant's entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

of inventorship (Rule 4.17(iv))

Published:

with international search report (Art. 21(3))

(54) Title: SYSTEM AND METHOD FOR DISTRIBUTING AND CONTROLLING OIL FLOW

FIG. 2

(57) Abstract: An exhaust gas turbocharger (10) including a turbine section (14), a compressor section (12), a bearing housing (16)
disposed between an fluidly connected to the turbine section (14) and the compressor section (12), and an oil flow means connected
to the bearing housing (16) for controlling and metering oil flow to the bearing assembly (42).



10

[V,
(]

30

WO 2016/164297 PCT/US2016/025841

SYSTEM AND METHOD FOR DISTRIBUTING AND CONTROLLING QIL FLOW
CROSS-REFERENCE TO RELATED APPLICATION

This application claims priority to and all the benefits of U.S. Provisional Application
No. 62/145 691 filed on Aprid 10, 2013, and entitled “System And Method For Distributing And

Controlling Gl Flow™

FIELD OF THE DISCLOSURE
This invention is directed to a turbocharging system for an mternal combustion engine
and more particularly to a system and method for distributing ol flow to joumal and thrast
bearings o improve overall turbocharger performance, where cil flow is actively metered using

an o1l flow conirol device.

BACKGROUND

A turbocharger is a type of forced induction system used with internal combustion
engines. Turbochargers deliver compressed air to an engine intake, allowing more fuel to be
combusted, thus boosting the horsepower of the engine without significantly increasing engine
weight, Thus, turbochargers permit the use of smaller engines that develop the same amount of
horsepower as larger, normallv aspirated engines. Using a smaller engine in a vehicle has the
desired effect of decreasing the mass of the vehicle, increasing performance, and enhancing fucl
cconomy. Moreover, the use of turbochargers permits more complete combustion of the fuel

delivered to the engine, which contributes to the highly desirable goal of a cleaner environment.

Turbochargers typically mclude a turbine housing connected to the exhaust manifold of
the engine, a compressor housing connected to the intake manifold of the engine, and a center or
bearing housing disposed between and coupling the turbine and compressor housings together,
The turbine housing defines a generally anmular chamber, consisting of a seroll or volate, which
surrounds the turbine wheel and receives exhaust gas from an exhaust supply flow channel
lcading from the exhaust manifold of the engine. The turbine housing generally inchides a
nozzle that leads from the generally annular chamber, consisting of the scroll or volate, mto the
turbine wheel. The turbime wheel, in the turbine housing, is rotatably driven by an inflow of
cxhaust gas supplied from the exhaust manifold. A shaft rotatably supported in the center or
bearing housing connects the turbine wheel to a compressor mmpeller in the compressor housing
so that rotation of the tarbine wheel causes rotation of the compressor impeller. The shaft
connecting the turbing wheel and the compressor impelier, defines a hine which 5 the axis of

rotation.
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Exhaust gas flows into the generally annular turbine chamber, consisting of the scroll or
volute, through the nozze, to the turbine wheel, where the turbine wheel is driven by the exhaust
gas. The turbine wheel spins at extremely high specds and temperatures. As the turbine wheel
sping, the turbine extracts power from the exhaust gas to drive the compressor. The compressor
reccives ambient air through an imlet of the compressor housing and the ambient air is
compressed by the compressor wheel and is then discharged from the compressor housing to the
cngine air intake. Rotation of the compressor napeller ncreases the air mass flow rate, airflow
density and air pressure delivered to the cylinders of the engine via the engine intake mamfold
thus boosting an ocutput of the engine, providing high engine performance, reducing fuel

consumption, and environmental pollutants by reducing carbon dioxide (CG2) emissions.

The turbocharger center or bearing housing inclodes a bearing system that is used to support
the shaft and keep the shaft spinning freely. The bearing system also aids in resisting radial and
thrust loads created by the compressor and turbine wheels., Thrust loading 1s created by pressure
differentials between the compressor and turbine housings. Thrust loads are imposed along the
axis of the shaft and tend to push the shaft back and forth, Radial loads act perpendicularly to
the axis of the shaft and are a cause of the back and forth shaft motion. A bearing svstem
commonly used m turbochargers, tvpically consists of a journal bearing assembly that are
cvlindrical bearings which contain the radial loads and a thrust bearing assembly that is gengrally
a flat circular disk which manages the thrust loads. il 15 used to keep rotating paris of the
turbocharger from rubbing, preventing metal-to-metal contact, and decreasing friction. Each end
of the shaft is sealed, at a location at which the shaft passes through the bearing housing, in order
to limit contact between the beaning lubnicant and the gas. I lubricant is allowed to leak udo the
hot gas path, it can vaporize and bum, causing the creation of harmful soot and mereased

Ermissions.

In order to properly lobricate the turbocharger and rotating parts, a reliable and clean
supply of oil must be provided. If the oil supply is insufficient, drops too low, or becomes
contaminated with debris, the bearing svstom operating temperatures are drastically increased,
severely diminishing the beanng system bifetime, creating an environment where it is highly
likely that the turbocharger may become damaged and may ultimately fail. However, excessive
oil flow can result in increased oil keakage through the turbocharger shaft and seals. The flow of
air and o1l crossing the seals of the turbocharger can be a significant source of mefficiency, and

in severe cases destructive to the operation of the twrbocharger and engine air system.

SUMMARY OF THE INVENTION
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In some aspects, the system for distributing od flow includes a turbocharger bearing
housing, an ol inlet, and air chaonel, an oil channel, and a valve assembly. The oil inlet ig
connected to the air channel and the od channel. The oil channel directs a flow of oil 1o the
thrust and joumal bearings. Gil flow to components of the bearng housing may be hnuted by
the valve assembly. The valve assembly is operated using mechanical linkages and actuators,
The valve assembly may be specifically manipulated to boost pressure, comprossor pressure
ratio, turbine speed, engine control unit (HCU) data, engine condition, and/or any variation of

these charactenstics.

In some aspects, the valve assembly can be integrated mito the bearing housing and may
function to hmit oil flow to the joumnal bearings and/or the thrust beanngs. The valve assembly
may include a variable position valve having a valve member with a stop positioned at a first end
and a through-port and spring positioned at a second end. The varable position valve may

include any type of vanable position valves such as globe, needle, gate or rotary valves.

In some aspects, the variable posttion valve is controlled by the pressure behind the
compressor wheel, The pressure from behind the compressor wheel is transmitted to the varnable
position valve through the air channel.  Air pressure through the air channel moves the valve
member. Movement of the valve member is resisted by the spring.  The stop deternuines the
munimum amount of flow through the through-port. The stop also functions to encapsulate and
externally seal the valve assembly. The spring may be a conical spring, an air spring, or any
spring device that would alter the stiffhess of the valve member while allowing for a prescribed

amount of displacement of the valve member.

The valve assembly may be connected to a pneumatic actuator or hvdraulic actuator. The
pneumatic actuator or hydrauhc actuator would be connecied to the compressor such as at the
compressor outlet or behind the compressor wheel. At low compressor pressures, the oil channel
to the thrust bearing would be restricted by the valve assemblv. At high pressures, flow through

the o1l channel would be fully open, without restriction from the valve assembly.

In some aspects, the valve assembly may be controlled electronically. Instead of using
springs, an clectronic actuator can be connected directly to the piston. Electronic actuators can
factor in the rotational speed of the turbocharger to balance the optimal performance of the
bearing assemblics with minimal blow-by. Elecironic actuators may also assist with preventing

tssues associated with start-up by throttling thrust bearing o1l supply only after ignition.
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Advantages of electronic actuators may include the ability to differentiate between a
warm enging and an cngine at cold-start. At cold-start, oil is more viscous than warm
temperature oil. The elevated viscosity can reduce or delay o1l flow {o the beanng components
causing premature wear. Hence, colder environments, such as during cold start, premature wear
caused by reduced or delayed oil to bearing components is worsened. Electronic actuators can
also accownt for the temperature of the engine and make the necessary adjustmenis by leaving

the oil channel fully open during those conditions when the ¢il is not warm enough.

In some aspects, turbocharger oil flow 18 actively metered to the bearing housing based
upon operating parameters such as oil temperature, compressor discharge pressure, and/or
turbing mlet pressure.  Similarly, the o1l flow may also be metered using a pneumatic actuator,
based upon turbocharger pressure differential (dP), which is the pressure difference between the
turbine inlet pressure and the compressor discharge pressure. The turbine inlet pressure and
compressor discharge pressure create an axial load on the shaft which is supported by an axial
bearing. During engine idle scenarios, both the turbine mlet pressure and the compressor
discharge pressure are low, subscquently generating a low axial bearing load. Little oil flow is
required under low compressor discharge and low axial beanng load conditions. However, if the
oil flow during engine idle is excessive, oil will leak bevond the shaft seals, causing emissions
problems, and decreased engine durability and effective operation.  The pnoumatic actuator is
coupled to an oil flow control device which permuts the least amount of ol flow at a neutral
turbocharger pressure differential (dP). Oil flow 1s adequately suppressed during engine idle or

under operating conditions with a low turbocharger pressure differential (dP}.

The oil flow control device would involve a retrofit design, where the o1l flow control
device replaces the conventional oil inlet fitting. As such, the oil flow control device may be
positioned in-line with an existing turbocharger oif inlet. Other designs such as a permanent

feature built into the turbocharger o1l circuit or bearing housing may also be feasible.

The o1l flow control device mclades an actuating member and a throttle. The actuating
member includes a rod having a piston at one ¢nd and a spherical valve disposed at an opposing
cnd thereof. The throttle includes an oil-in passage and a shaped oil passage. The spherical
valve inchides a ball portion shaped to be positioned within a shaped o1l passage formed in the
throttle. The shaped oil passage can be an hourglass shape and the ball portion is sized to be able

to engage a protruding or contoured portion of the shaped oif passage, thereby obstructing oil



(]

10

30

WO 2016/164297 PCT/US2016/025841

flow therethrosgh. While a spherical valve containing a ball portion and an hourglass shaped o1l
passage are feasible design options for the ol flow control device and oil passage, other designg
are casily imagined. The spherical valve can operate uni-directionally or hi-directionally. In
cither instance, the spherical valve and hourglass shaped passage ensures that the oil tlow

moereases as the absolute value of axial load increases.

Additionally, the actuating member of the oil flow control device includes a positive
pressure chamber. The piston of the rod divides the posiive pressure chamber into a first
chamber and a second chamber. The first chamber inchides a connection to the compressor
discharge pressure and the sccond chamber includes a connection to the turbine nlet pressure.
The actuating member moves upward and downward according to the pressure differentials (dP)

between the upper and lower chambers.

The oil flow control device may also inchlude return springs that aid in moving the
spherical valve within the shaped oil passage. The clearance between the ball portion of the
spherical valve and the shaped oil passage, the diameters of the passages, and the spring return

rate can all be adjusted to accommaodate various turbocharger applications.

In some aspects, particularly during non-idle scenarios, the load supported by the awal
bearing and the o flow associated therewith 1s proportional to the turbocharger pressure
differential (dP) and the tmpeller diameteors, which 1s a constant parameter. Under these
operating parameters, more oil flow 1s provided to the twrbocharger dunng high load conditions,
and less oil flow is provided during low load conditions. The oil flow is governed by the
absolute value of the displacement of the actuating member. Proficient oil flow control resulis in
cffective bearing operation at high load, and decreases parasitic losses that occur from excessive

oil flow during low axial load conditions.

In some aspects, oil flow can be metered based upon o1l inlet tomperature. To do s0, a
simple thermostat can be added to the flow conirol valve assembly. During start up conditions,
the thermostat would be open to maximize ol flow. The thermostat would close as o1l mlet
temperature increases, chiminating excessive ol flow at normal operating temperatures. The

thermostat can be an additional feature, or could replace the pneumatic actuator,

While a pneumatic actuator has been described and proven to be effective, an electronic

actuator, hydraulic actuator or other similar devices are also known to work well.  An engine
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control module or a supplementary control module could be used to control actuation. An
additional passage can also be included. The additional passage can be controlled by any other
means such as a thermostat or a permanent bypass and would function to deliver a specified

amount of ot at 1die or during low axial load conditions.

in some aspects, the valve assembly can be used to control oil flow to a single bearing
component in addition to or ndependent of the entire bearing assembly. Also, onc or more valve
assemblies can be used to control oil flow to a single bearing, multiple bearings, or the entire
system. Morgover, the valve assembly and the ot flow control device can cach be used alone or

in combination with one another.

BRIEF DESCRIPTION OF THE FIGURES
The present disclosure is illustrated by way of example and should not be limited by the
accorapaniced drawings in which like reference numbers imdicate similar parts, and wherein:
Figure 1 1s a cross-sectional view of an exhaust gas turbocharger;
Figure 2 18 a cross-sectional view of the system for distributing o1l flow and valve
assembly;
Figure 3 1s a schematic diagram of the clectronic system for distributing oil flow;

Figure 4 is cross-sectional view of the oil flow control device

DETAILED DESCRIPTION

Figure 1 details an exhaust gas turbocharger (10) mncluding a compressor section (12), a
turbing section (14), and a beaning housing (16} disposed between and connecting the
compressor section {12} to the turbine section (14). The turbing section {14) includes a turbine
housing {18) that defines an exhaust gas inlet {20}, an exhaust gas outlet (22), and a turbine
volute (24) disposed n fluid communication with the exhaust gas miet (20) and the exhaust gas
outlet 223 A turbine wheel (26} is disposed in the turbine housing (18) between the volute (24)
and the exhaust gas cutlet (22). The turbime wheel (26) is fixed to a shaft {283 The shaft (28} is
rotatably supported within the beanng housimg (16), and extends mio the compressor section
(12). The compressor section {12) includes a compressor cover (30) that defines a compressor
atr inlet {32), a compressor air outlet (34), and a compressor volute {36). A compressor wheel
(38} is disposed in the compressor cover (30) between the compressor air inlet {32} and the

compressor voiute (36). The compressor wheel (38) is disposed on an opposed end of the shaft
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(28), and secured thercto by a nut (40).  The turbine wheel (26}, the shaft (28) and the

compressor wheel (38) are the main components of a rotating assembly of the turbocharger (10}

As detailed m Figure 2, the shaft (28) is supported by a bearing assembly (42). The

(]

bearing assembly (42) comprises bearing components such as a journal bearing assembly (43)
and a thrust bearing assembly (44) positioned about the shaft (28). The journal bearing assembly
{43} includes a pair of journal bearings (46} spaced bv a spacer (48).  The pair of joumal
bearings (46} can be floanng bearings (46) separated by the spacer (48). The thrust bearing
assembly {44} includes a circular disk thrust bearing (50) disposed between a valve assembly

10 (100} and the compressor wheel (38).

The bearing housing (16} includes an oil mlet (32}, an ol channel (54) and an air channel
{56). The ail channel (534} 15 fhadly connected to the oil indet {52} and extends towards the
floating journal bearings (46} and the circular disk thrust bearing (50). The air channel (56)
15 extends trom behind the compressor wheel (38) and is flndly connected to the compressor wheel
(38) and the valve assembly (100). The valve assembly {100} is positioned within an opening
(58) formed in the bearing housing (16). Opening (58) fluidly communicates with the air
channel (56) and oil channel (54). Alternately, the air channel (56) could fluidly communicate
with the compressor air cutlet (34) and the opening (58).
20
il distributed to the floating journal bearings (46} and/or the circular disk thrust bearing
(530} 1s controlled by the valve assembly (100). The valve assembly (100} includes a valve
member (102}, a stop (104}, and a spring (106). The valve member (102} is shaped to form a
cut-out {108}, and spring {106) is positicned within the cut-out {108}, Valve member {102} also
25 includes a through-port (110} for fluid communication of ol flow from the oil chamnel (54)
through to the circolar disk thrust bearing (503 Through-port (110} can have a cirealar imner
diameter, a tapered inner diameter or an inner diameter containing converging sides. The stop
(104} 1s a fixed stop and includes a head (104a) and stem {104b). The head (104a) 15 fixedly
connected to the beanng housing (16) and the stem (104b) functions to restram upward

30 movement of the valve member (102).

In some aspects, the valve assembly (100} is operated using an actuator such as a
pneumatic (not shown), hyvdraulic (not shown}, or an electric actuator {(shown in Figure 3, and
detailed more below). The actuaior can be operatively connecied to a portion of the compressor

35 section (12) such as the compressor air outlet (34, shown in Figure 1) or behind the compressor
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wheel (38). During operation of the turbocharger (10), and as the compressor wheel (38} spins,
air 13 extracted through the air channel (56). At neardy the samge time, ol is filtered through the
oil indet (52) to the oil channel (54). As pressure from behind the compressor wheel (38) is
transmitted through the air channel (56), the air 1s torced mto the opening (88) formed in the
bearing housing {16}, Air from the opening (58} acts upon valve member (102} causing the
valve member (102} to move in a downward or upward direction, thereby compressing or
cxpanding the spring (106), respectively. The valve assembly (100} can be used to control o1l
flow to a single beanng component such as the journal bearing assembly (43} or the thrust

bearing assembly (44) in addition to or independent of the entire bearing assembly {42).

Under higher pressure conditions, air from the opening (58) acts upon valve member
{102} causing the valve member (102} to move 1n a downward dirsction.  Downward movement
of the valve member (102} compresses the spring (106) forcing the spring (106} to make contact
with a cavity {112} formed in the bearing housing (16},  As the spring moves downwardly away
from the stem (104b) of the stop {104), there 1s no contact of the stem (104b) with the valve
member (1023, The spring (106} 1s compressed such that through-port (110) is in fluid
commumnication with otl channel (54} and oil is allowed to flow through to the circular disk thrust
bearing (50). Contact with the cavity {112} causes the spring (106) to resists forces from the air
pressure, adjusting the position of the valve member (102}, Fluctuations in the air pressure can
align the through-port (110} with the oil channel {54} wherein a maximum and/or a minimum
amount of oil flows through. A maximum amount of oil flows through the oif chanuel (54}
under higher pressure conditions where the spring (106) s fully compressed. A minimum
amount of oil flows through the through-port (110) under lower pressure conditions. During
fower pressure conditions, the air pressure through the air channel {56) is less. Hence, lesg
pressure is imposed upon the valve member (102) and the spring (106). As such, resistance of
the spring (106} is less, causing the spring {106} to expand. As the spring (106} expands, valve
member {102} 15 allowed toc move m an gpward direction. Upward movement of the valve
member {102} causes the valve member (102) to make contact with the stem (104b) of the stop
(104}, Contact of the valve member (102) with the stem (104b), halts and prevent any further
upward movement of the valve member (102}, As such, through-port (110} becomes misaligned
with the o1l channel (54} thereby limiting and/or restricting ol flow from the oil channel (54)

through to the circular disk thrust bearing (50).

Figure 3 details a schematic diagram depicting an electronucally controlled system (200}

for distributing oil flow. A wmicrocontrolier or computer (202} receives an mput from a
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combination of a boost pressure sensor (204); a controller arca network system (CAN) or other
ECU communications device (206); and/or a turbocharger speed semsor (208).  The
microcontroller or computer (202} applics the inputs received from the boost pressure sensor
(204). controller area network system (CAN) or other ECU communications device {(206), and/or
a turbocharger speed sensor (208) to an algorithm or look-up table on a computer readable
memory which generates a signal. The signal is sent to a valve controller (210} which activates
the system for distributing oil flow (212).  The electrically controlled system (200} for
distnbating oil flow can be controlled using feedback parameters such as turbocharger speed,
compressor discharge pressure {or boost pressure), turbine inlet pressure {or backpressure),

ambient termperature, engine speed, or enging torque.

Figure 4 details an oil flow control device (300) for metering oil flow to the beanng
housing {16} and circular disk thrust bearing (50). The oil flow condrol device (300} comprises
an actuating member (302) and a throtile (304). The oil flow control device (300} is retrofit into
the bearing housing (16) and replaces the conventional oil mnlet fitting. The actuating member
(302} includes a rod (306) disposed within a housing (308). Rod {306) mcludes a piston (3103 at
a first end and a spherical valve (312) disposed at an opposing second ond thereof. The spherical
valve (312} includes a ball portion (312a} shaped 1o be positioned within the throttle (304). The
throttle (304} includes an otl-in passage (314} and a shaped o1l passage (316). The shaped ol
passage {316} can be an hourglass shape and the ball portion is sized to be able to engage a
protruding or contoured portion {316a) of the shaped o1l passage (316). Housing (308) includes
a first (308a) and a second (308b) positive pressure chamber. The first (308a) and second {308b)
positive pressurg chambers are divided by the piston (310).  The first chamber (308a)
communicates with the compressor discharge pressure and the second chamber {308b)

communicates with the turbine inlet pressure.

In some aspeats, the oil flow control device (300} is operated using an actuator such as a
pneumatic (not shown), hvdraulic (not shown), or an electric actuator. The actuator can be
operatively connected to the oil flow control device (300} by any means known in the art.
Operation of the oil flow control device (300) is based upon the turbocharger pressure
differential (4P} or the pressure difference between the turbine mlet pressure and the compressor
discharge pressure and by thrust loading on the circular disk thrust bearing (50). The oil flow
control device (300} cnsures that there 1s encugh oil flow apon starting the engine. il flow 13
governed by the absolute value of displacement of the piston {310} pending the turbocharger

pressure differential {(dP) and loading on the circular disk thrust bearing (50).
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During engine idle conditions, the load on the circular disk thrust bearing (50} is low and
Iitle oil flow is needed. Under these conditions, a desired scenario is to have a neutral
turbocharger pressure differential (dP). When the turbocharger pressure differential (dP) is
neutral, the compressor discharge pressure and the tarbine nlet pressure into the, respective, first
(3082} and second (308b) positive pressure chambers are approximately equal. As such, the
approximately equivalent pressures within the first {(308a) and second (308b) positive pressure
chambers, counterbalances one another when acting upon the piston (310). This counterbalance
of pressures acting upon the piston (310}, causes the piston (310) fo be disposed in a neutral
position, approximately midway in the housing (308). When the piston (308} s disposed 15 a
neutral position, the ball portion (312a) of the spherical valve (312) 1s disposed between the
protruding or contoured portion (316a) of the shaped ofl passage (316). In this position, the
smallest or least amount of oil is permitied to flow through to the bearing housing (16) and

circular disk thrust bearing (50}.

During non-idle conditions, the load on the circular disk thrust bearing (50) 1s high and
more ol flow is required. The ol flow control device (300} would provide more oil flow at high
load conditions and less oil flow at low load conditions. When the pressure supplied to the first
positive pressure chamber (308a) from the compressor discharge is more than the pressure
supplied to the second positive pressure chamber (308b) from the turbine inlet pressure, the force
of pressure from the first positive pressure chamber (308a) causes the piston (310) to move in a
downward direction. A downward movement of the piston (310} pushes the ball portion (312a)
of the spherical valve (312) bevond the protruding or contoured portion {316a} of the shaped oi
passage (316), and a larger amount of o 1s allowed to flow 1 comparison to what is allowed
under a neutral turbocharger pressure differential (dP). When the pressure supphied to the first
positive pressure chamber (308a) from the compressor discharge is less than the pressure
supplied to the second posttive pressure chamber (308b) from the turbine mlet prossure, the
predominant pressure in the second positive pressure chamber (308b) acts upon the piston (310}
causing the piston to move in an upward direction. In this scenario, the ball portion (312a) of the
spherical valve (312) moves away from and can be positioned above the protruding or contoared
portion (316a} of the shaped o1l passage (316) thereby allowing a larger amount of oif to flow in

companson to ol flow under a neutral turbocharger pressure differential {(dP).

Movement of the piston (318} can be adjusted according to various tarbocharger designs.

In general, the closer the ball portion (312a) of the spherical valve (312} is to the protruding or

10
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contoured portion (316a) of the shaped oil passage (3163, smaller amounts of o1l is permitted to
flow through to the bearing housing (16} and the circular disk thrust bearing (503, Conversely,
the farther the ball portion (312a} of the spherical valve (312) is from the protruding or contoured
portion (316a} of the shaped o1l passage (316}, larger amounts of oil 1s permitted to flow through

to the bearing housing (16} and the circular disk thrust beaning (50).

In some aspects, o1l flow can be metered based on oil inlet temperature where a simple
thermostat can be added to the oil flow control device (300). The thermostat (not shown) would
open to maxinize o1l flow under cold start conditions. The thermostat {not shown} would ¢lose
as oil inlet temperature increases thereby climinating excessive oil flow under normal operating
conditions. The thermostat (not shown) would repiace the oil flow control device (300) or could

be an additional feature.

In other aspects, a permanent bypass (318} could be used to deliver a specified amount of
oil flow dunng idle or low thrust load conditions. The nunimum oil flow can be controlled
according to the diameter of the byvpass (318}, The smaller the diameter, lower amounts of oi
flow. The larger the diameter, more ol flows. At low turbocharger speeds, oil flow would
mostly be govermed by the bypass diameter. As speed and/or thrust load increases, the oil flow

control device {300} will open to allow more cil to flow to the bearing assembly (42).

Any combination of an oil flow control device {300} containing a piston (310) spherical
valve (312} and ball portion (312a), thermostat (not shown} and/or bypass (318} can be used to
control oil flow. The clearance (320} between the ball portion (3123} and the protruding or
contoured portion {316a} of the shaped oil passage (316}, the diameter of the bypass (318},
and/or the spring rate of return of the pneumatic actuator (not shown), can be adjusted to
custormmized turbocharger design requirements. (il flow control results n effective bearing
operation under high thrust loads, and decreases parasitic logses which occur from excessive oi

flow during low thrust loads.

11
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What is claimed is:
1. An exhaust gas turbocharger {10} comprising:
a turbine section {14) including a turbine housing (18) having an exhaust gas mlet (20},

an exhaust gas outlet (22}, a turbine volute (24), and a turbine wheel (26) configured to be

(]

disposed n fhind commumication with the exhaust gas inlet (20} and the turbine volute (24},

a compressor section (12} incloding a compressor cover {30) configured to define a
compressor air inlet (32), a compressor air outlet (34), and a compressor volute (36); and a
compressor wheel (38) configured to be disposed in fhind communication with the compressor
air indet {32} and the compressor vohite {36);

10 a bearing housing (16} configured to be disposed between an tluidly connected to the
turbine section (14} and the compressor section (12}, the bearing housing (16} mncluding an oil
mlet {52} configured to be floidly connected to an o1l channel (54}, and a bearing assembly (42}
for rotatably supporting a shaft configured to be connected io the turbine wheel (26) and the
compressor wheel {(38); and

15 an ol tlow means configured to be connected to the bearing housing (16} for controlling

and metering oil flow 1o the bearing assembly {42}

2. The exhaust gas turbocharger of claim 1| wherein the oil flow control means comprises a valve
assembly (100} configured to be positioned within an opening (58) formed in the bearing
20 housing {16} and an air channel {(56) configured to be in fluid communication with the opening

(58).

3. The exhaust gas turbocharger of claim 1 wherein the oil flow control means comprises an oil
flow control device (300) configured to be retrofit indo the o1l let (532} of the bearing housing
25 (16), such that a turbocharger pressure differential (dP) controls and meters ol flow; the oil flow

control device {300) further comprising an actuating member (302) and a throttle (304).

4. The exhaust gas turbocharger of claim 2 wherein the valve assembly comprises a stop (104)
configured to be connected to a valve member (102}, and a spring (106) configured to be

30 positioned within the valve member (102).

5. The exhaust gas turbocharger of claim 4 wherein the valve member (102) further comprises a
cut-out {108} such that the spring {106} 1s configured to be positioned within the cut-out {108},
and a through-port {110} configured to be n fluid communication with the bearing assembly

35 (42).

12
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6. The exhaust gas turbocharger of claim 4 wherein the stop (104} further comprises a head
{104a) having a stem (104b) configured to_cxtend therefrom, the head (104a) is configured to be
fixedly connected to the bearing housing (16} and the stem (104b) 1s configured to engage the
valve member {102} such that oil flows to a single bearing component in addition to the bearing

assembly (42}

7. The exhaust gas turbocharger of claim 4 wherein the stop (104) further comprises a head
{104a) baving a stem (104b) configured to extend therefrom, the head (104a) is configured to be
fixedly connected to the bearing housing (16} and the stem (104b) is configured to engage the
valve member (102) such that ol flows to a single beanng component independently of the

bearing assembly (42).

8. The exbaust gas turbocharger of claim 1 whercin the odl flow means comprises a valve
assembly (100} and an o1l flow control device (300} configured to be connecied to a pneumatic

actoator independently of one another.

8. The exhaust gas turbocharger of claim 1 wherein the 01l flow means comprises a valve
assembly (100} and an o1l flow control device (300} configared to be connected to a proumatic

actuator in combination with one another.

10. The exhaust gas turbocharger of claim 3 wherem the actuating member (302} further
comprises a housing (308} having a first (308a) and a second (308b} positive pressure chamber,
the first positive pressure chamber (308a} is configured to be connected to a compressor
discharge pressure and the second positive pressure chamber (308b) is configured to be

connected to the turbine inlet pressure.

11. The exhaust gas turbocharger of claim 10 wherein the actuating member (302) further
comprises a rod {306} having a piston (310} contigured to be_connected at a first end thereof and
a sphenical valve (312} configured to be_disposed at an opposing second end thersof, and the
throttle (304) further comprises an cil-in passage {314} and a chaped o1l passage (316) including
a protruding portion (316a); the rod (306} is configured to be disposed within the bousing (308)

and the spherical valve (312} 1s configured to be disposed within the shaped otl passage (316).

13



(]

10

WO 2016/164297 PCT/US2016/025841

12. The exhaust gas turbocharger of claim 11 wherein the spherical valve (312) s configured to
engage the protruding portion (316a) of the shaped ol passage (316) to permit a small amount of

oil to flow through to the bearing housing (16} and the bearing assembly (42).

13. The exhaust gas turbocharger of clamm 11 wherein the spherical valve (312} is configured to
extend beyond the protruding portion {316a) of the shaped oil passage (316) to permit a large

amount of otl to flow through to the bearing housing (16) and the bearing assembly (42).

14. The exhaust gas turbocharger of claim 11 wherein the oil flow control device (300} further
comprises a permanent bypass (318) configured to be connected to the oil-in passage (314) and a

shaped otl passage {316).
15. The exhaust gas turbocharger of claim 11 wherein the throttic (304} of the oil flow countrol

device (300} further comprises a thermostat configured to be connected to the oil-in passage

(314} and a shaped o1l passage (316).

14
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