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PLANETARY GEARSET FOR TURBOCOMPOUNDING APPLICATIONS

DESCRIPTION

TECHNICAL FIELD

[0001] The present disclosure relates to a gearset to connect a turbocompounder to an
engine to allow power produced by a turbine within exhaust of the engine to be converted to
mechanical energy at a geartrain of the engine, and more particularly to a planetary gearset to

connect a turbocompounder to the geartrain of the engine.

BACKGROUND

[0002] Turbocompounders are known for use with internal combustion engines to convert
a portion of the heat of exhaust into mechanical energy that is transferred back to a crankshaft
of an engine or a geratrain that is driven by a crankshaft of an engine. As this heat would
otherwise serve no useful purpose, turbocompounding has been viewed as a way to increase
the power output of the engine, without having to combust additional fuel.
Turbocompounders have a turbine that is placed in fluid communication with exhaust from
the engine. The flowing exhaust gas causes the turbine to rotate, thereby generating
mechanical energy. Typically the turbocompounder is disposed downstream of a
turbocharger within the exhaust from the engine.

[0003] Traditional turbocompounders have relied on a series of spur gears to allow the
mechanical energy produced by the turbocompounder to be transferred to a crankshaft of the
engine, a geartrain driven by the engine, a transmission coupled to the engine, or some other
device couple to the engine or geartrain driven by the engine to receive the mechanical
energy produced. The use of spur gears to transfer mechanical energy requires a plurality of
gears, based on the disparity in operating speeds between the internal combustion engine and
the turbocompounder. This plurality of gears takes a great deal of space to package, reducing
the number of applications for an engine with a turbocompounder, as the gearing conflicts
with space required for other components. Therefore a need exists for a system to connect a
turbocompounder to an engine, to transfer mechanical energy from the turbocompounder to

the engine, in a more compact manner.

SUMMARY
[0004] According to one embodiment, an internal combustion engine comprises a

plurality of cylinders, a crankshaft, an engine geartrain, a turbocompounder, and a planetary
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geartrain. The plurality of cylinders define a combustion chambers for combustion of fuel.
Each of the plurality of cylinders has a reciprocating piston. The crankshaft is connected to
each of the reciprocating pistons. The engine geartrain has a crankshaft drive gear. The
crankshaft drive gear connects to the crankshaft and at least one driven gear that receives
torque from the crankshaft drive gear. The turbocompounder is disposed in fluid
communication with an exhaust system of the internal combustion engine. The
turbocompounder has an output shaft. The planetary geartrain has a sun gear, a plurality of
planet gears, a planet carrier connected to each of the plurality of planet gears, and a ring
gear. The sun gear engages each of the plurality of planet gears. The plurality of planet gears
engage the ring gear. The sun gear connects to the output shaft of the turbocompounder. The
planetary geartrain couples to the engine geartrain.

[0005] According to another embodiment, a geartrain for connecting a turbocompounder
to an internal combustion engine comprises a sun gear, a plurality of planet gears, a planet
carrier, a ring gear, and an idler gear. Each of the plurality of planet gears engages the sun
gear. The planet carrier connects to each of the plurality of planet gears. The plurality of
planet gears engage the ring gear. The idler gear engages one of the planet carrier and ring
gear and engages a geartrain of an internal combustion engine. An output shaft of the
turbocompounder attaches to the sun gear.

[0006] According to a further embodiment, a turbocompounding assembly for an internal
combustion engine comprises a turbine, a rotatable output shaft, and a planetary geartrain.
The turbine is disposed in fluid communication with an exhaust system of the internal
combustion engine. The rotatable output shaft couples to the turbine. The planetary geartrain
has a sun gear, a plurality of planet gears, a planet carrier connected to each of the plurality of
planet gears, and a ring gear. The sun gear engages each of the plurality of planet gears. The
plurality of planet gears engages the ring gear. The sun gear connects to the output shatft.

The planetary geartrain engages a geartrain of the internal combustion engine.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1 is a schematic diagram showing an engine having a turbocompounder.
[0008] FIG. 2 is a schematic view of an engine having a turbocompounder and a

planetary gearset connecting the turbocompounder to the engine.

DETAILED DESCRIPTION
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[0009] FIG. 1 shows an engine 10 having an exhaust system 12. The exhaust system 12
has an exhaust gas recirculation (“EGR”) portion 13. The EGR portion 13 has an EGR
cooler 14 and an EGR valve 16. The EGR cooler 14 reduces the temperature of exhaust gas
within the EGR portion 13. The exhaust system 12 additionally is shown as having a
turbocharger turbine 18 and a turbocompounder 20. The turbocharger turbine 18 and the
turbocompounder 20 are disposed in fluid communication with exhaust gas passing through
the exhaust system 12. As shown in FIG. 1, the turbocompounder 20 is downstream of the
turbocharger turbine 18.

[0010] The engine 10 additionally has an air intake system 22. The air intake system 22
has a first turbocharger compressor 24. A charge air cooler 28 is additionally provided to
cool intake air within the air intake system 22. The turbocharger turbine 18 and the
turbocharger compressor 24 form a turbocharger.

[0011] Turning now to FIG. 2, a schematic view of a rear portion of the engine 10 and the
turbocompounder 20 are shown. The engine 10 has a crankshaft drive gear 30. The
crankshaft drive gear 30 is coupled to a crankshaft of the engine 10 to transmit mechanical
energy of the crankshaft to an engine geartrain 32. The engine geartrain 32 comprises an
idler gear 34 and a driven gear 36. The driven gear 36 of the engine geartrain 32 is utilized to
provide mechanical energy to a driven component such as a camshaft, a water pump, a fuel
pump, an oil pump, or other components that may be driven by the engine geartrain 32.
[0012] The idler gear 34 is provided to allow the driven gear 36 to rotate in an identical
direction, i.e., clockwise or counterclockwise, to the crankshaft drive gear 30. As the idler
gear directly engages both the crankshaft drive gear 30 and the driven gear 36, the idler gear
has no effect on a gear ratio between the crankshaft drive gear and the driven gear 36, but
rather allows the driven gear 36 to rotate in the same direction as the crankshaft drive gear.
[0013] A planetary gearset 40 is connected to the turbocompounder 20 (FIG. 1) to
transfer mechanical energy generated by the turbocompounder to the engine 10. As shown in
FIG. 2, the planetary gearset 40 is connected to the engine geartrain 32 via a
turbocompounder idler gear 38.

[0014] The planetary gearset 40 comprises a sun gear 42, a plurality of planet gears 44,
46, 48, a planet carrier 50, and a ring gear 52. The sun gear 42 is coupled to an output shaft
of the turbocompounder 20. The sun gear 42 simultaneously engages each of the planet gears
44, 46, 48. The planet carrier 50 is connected to each of the planet gears 44, 46, 48. The
planet carrier 50 engages the turbocompounder idler gear 38 to transfer mechanical energy

from the turbocompounder 20 to the engine 10.
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[0015] Each of the planet gears 44, 46, 48 also engage the ring gear 52. The ring gear 52
has teeth on an inner peripheral surface, while the sun gear 42, plurality of planet gears 44,
46, 48, and planet carrier 50 have tecth on an outer peripheral surface.

[0016] Depending on which of the sun gear 42, the plurality of planet gears 44, 46, 48
and the ring gear 52 are allowed to rotate, different gear ratios may be obtained from the
planetary gearset 40. For instance, the gear ratio is different if the ring gear 52 is held
stationary, the planet carrier 50, plurality of planet gears 44, 46, 48, and the sun gear 42 all
rotate, than if the sun gear 42 is held stationary and the rest of the gears of the planetary
gearset 40 are allowed to rotate. In this way, the planetary gearset 40 provides a compact
arrangement of gears that provide variable gear ratios, such that the output of the
turbocompounder 20 may be at a rotational speed that is generally equal to that of the engine.
[0017] Thus, a compact packaging solution for a geartrain to couple the turbocompounder

20 to the engine 10 is provided by the planetary gearset 40.
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5
CLAIMS
What is claimed is:
1. An internal combustion engine comprising:

a plurality of cylinders defining combustion chambers for combustion of fuel, each of
the plurality of cylinders having a reciprocating piston;

a crankshaft connected to each of the reciprocating pistons;

an engine geartrain having a crankshaft drive gear, the crankshaft drive gear being
connected to the crankshaft and at least one driven gear receiving torque from the crankshaft
drive gear;

a turbocompounder disposed in fluid communication with an exhaust system of the
internal combustion engine, the turbocompounder having an output shaft; and

a planetary geartrain having a sun gear, a plurality of planet gears, a planet carrier
connected to each of the plurality of planet gears, and a ring gear, the sun gear engaging each
of the plurality of planet gears, the plurality of planet gears engaging the ring gear, the sun
gear connected to the output shaft of the turbocompounder, the planetary geartrain being
coupled to the engine geartrain.
2. The internal combustion engine of claim 1, further comprising a planetary idler gear
that couples the planetary geartrain to the engine geartrain.
3. The internal combustion engine of claim 2, further comprising an engine idler gear,

the planetary idler gear directly engaging the engine idler gear.

4. The internal combustion engine of claim 2, wherein the planet carrier directly engages
the planetary idler gear.
5. The internal combustion engine of claim 1, further comprising a turbocharger, the

turbocharger being disposed in the fluid communication with the exhaust system of the
internal combustion engine, the turbocharger being disposed upstream in the exhaust system
of the turbocompounder.
6. The internal combustion engine of claim 1, wherein the engine geartrain is disposed
proximate a rear portion of the internal combustion engine.
7. The internal combustion engine of claim 1, wherein the planetary geartrain is coupled
to the engine geartrain at a driven gear.
8. A turbocompounding assembly for an internal combustion engine comprising:

a turbine disposed in fluid communication with an exhaust system of the internal
combustion engine;

a rotatable output shaft coupled to the turbine;



WO 2012/170002 PCT/US2011/022308

a planetary geartrain having a sun gear, a plurality of planet gears, a planet carrier
connected to each of the plurality of planet gears, and a ring gear, the sun gear engaging each
of the plurality of planet gears, the plurality of planet gears engaging the ring gear, the sun
gear being connected to the output shaft, wherein the planetary geartrain engages a geartrain
of the internal combustion engine.

9. The turbocompounding assembly for an internal combustion engine of claim §,
wherein a planetary idler gear engages the planetary geartrain and the engine geartrain.
10. The turbocompounding assembly for an internal combustion engine of claim 9,
wherein the planet carrier directly engages the planetary idler gear.

11. The turbocompounding assembly for an internal combustion engine of claim 8§,
wherein the planetary geartrain engages an engine geartrain at a rear portion of the internal
combustion engine.

12. The turbocompounding assembly for an internal combustion engine of claim §,
wherein the plurality of planet gears comprises three planet gears.

13. The turbocompounding assembly for an internal combustion engine of claim 8,
wherein the sun gear has a smaller diameter than at least on of the planet gears.

14. The turbocompounding assembly for an internal combustion engine of claim §,

wherein the sun gear has a smaller diameter than the ring gear.

15. A geartrain for connecting a turbocompounder to an internal combustion engine
comprising:
a sun gear;

a plurality of planet gears, each of the plurality of planet gears engaging the sun gear;

a planet carrier connected to each of the plurality of planet gears;

a ring gear, the plurality of planet gears engaging the ring gear; and

an idler gear engaging one of the planet carrier and ring gear and engaging a geartrain
of an internal combustion engine, wherein an output shaft of the turbocompounder attaches to
the sun gear.
16. The geartrain for connecting a turbocompounder to an internal combustion engine of
claim 15, wherein the engine geartrain is disposed at a rear portion of the internal combustion
engine.
17. The geartrain for connecting a turbocompounder to an internal combustion engine of
claim 15, wherein the sun gear has a smaller diameter than at least on of the planet gears.
18. The geartrain for connecting a turbocompounder to an internal combustion engine of

claim 15, wherein the sun gear has a smaller diameter than the ring gear
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19. The geartrain for connecting a turbocompounder to an internal combustion engine of

claim 15, wherein the plurality of planet gears comprises three planet gears.
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