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ABSTRACT

A planetary gear train 1s provided with a planetary

gear and a planetary pin inserted into the planetary gear.

The planetary gear includes: a gear member having teeth

on the outer face and a through hole; an intermediate

housing 1nse

rted into the through hole and having an insert

hole 1nto which the planetary pin 1s 1nserted; and a

plurality of sliding bearing members jointed onto the

insert hole

of the intermediate housing. The plurality

of sliding bearing members form a sliding bearing which

sustains the planetary pin and the planetary gear to be

rotatable with each other.
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DESCRIPTION
PLANETARY GEAR TRAIN, BEARING STRUCTURE,
WIND TURBINE GENERATOR, AND

MANUFACTURE METHOD OF PLANETARY GEAR

Technical Field
The present invention relates to a planetary gear
train, a bearing structure, and a wind turbine generator
using the same, more particularly, to a bearing structure

suitable for a planetary gear of the planetary gear train.

Background Art

grne

The planetary gear train is one of mechanisms widely

used as step-up gear boxes and a reduction gear boxes. The
planetary.gear train has an advantage that a large
reduction ratio can be obtained with a reduced number of
gears and a large torque can be transferred. Such an

advantage 1s preferable for a wind turbine generator, and

the planetary gear train 1s widely used as the step-up gear

box of the wind turbine generator.

One problem in applying a planetary gear train to a

wind turbine generator is the lifetime of bearings of the
planetary gears. When a planetary gear train is used as

the gear box of the wind turbine generator, large loads

are applied to the bearings of the planetary gears.

Currently, rolling bearings are often used as the bearings

of the planetary gears 1n the planetary gear train; however,
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the lifetime thereof will be reduced when large loads are

applied to the rolling bearings. The increase in the load
1s a serious problem, especially inhigh~-power wind turbine
generators which have been recently developed.

The 1nventors have been considering using sliding

bearings as bearings provided on the inner faces of the

planetary gears as an approach for achieving a long

lifetime and a reduced size of the bearings of the planetary
gears. The sliding bearing can sustain the large load,

since receiving the load with fluid oil filmpressure. Use

of sliding bearings, which can sustain a large load, may

make 1t possible to realize a maintenance-free planetary

gear train.

In the use of the sliding bearing, choice of material

and structure greatly influences the lifetime.

Especially for a sliding bearing applied to a planetary

gear of a planetary gear train of machinery subjected to
an extraordinary large load, such as a wind turbine
generator, i1t 1s required to choose the material and

structure so as to bear the load. For example, a sliding

bearing with a structure in which a surface layer made of

PEEK (polyetheretherketone) material or other materials

1s backed up by a back metal is one of sliding bearing

structures capable of bearing a large load.

1}

On the other hand, a sliding bearing capable o:

bearing a large load may have a restriction in the formable

shape 1n some cases, and this may cause difficulty in the
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assembly to the planetary gear. For example, manufacture

of a sliding bearing of the above-mentioned structure in

which the surface layer made of PEEK
(polyetheretherketone) material or other materials 1s
backed up by a back metal, espécially when the sliding
bearing 1s large, may cause difficulty in forming into a
cylindrical shape (or bush) 1in aspects of the technology
and the cost, and accordingly the sliding bearing having
such structure 1i1s, for example, formed in a half

cylindrical shape. On the other hand, there is a

difficulty 1n assembling a sliding bearing formed in a half
cylindrical shape onto the inner face of a planetary gear.
The assembly of a bearing onto the inner face of the

planetary gear 1s generally achieved by shrink fitting;

however, a sliding bearing formed in a half cylindrical

shape cannot be assembled with shrink fitting. Meanwhile,
1t 1s not preferable that a sliding bearing is jointed onto
the inner face of the planetary gear by welding, since heat
1s partially applied to the planetary gear to cause thermal

deformation and the sliding bearing cannot be replaced.

The restriction 1n the shape of the sliding bearing member
1s also described in Japanese Patent Application

Publication No. JP-A H11-201167.

Citation List
Patent Literature

Patent Literature 1: Japanese Patent Application
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Publication No. JP-A H11-2011e7

Disclosure of Invention

Therefore, an objective of the present invention 1s

to brovide a technique for achieving assembly of a sliding
bearing having a restriction in the formable shape as a
bearing of a planetary gear.

In an aspect of the present invention, a planetary
gear train 1s provided with: a planetary gear; and a

planetary pin inserted into the planetary gear. The

planetary gear includes: a gear member having teeth formed
on the outer face and provided with a through hole; an
intermediate housing inserted into the through hole and
having an 1nsert hole into which the planetary pin 1is

inserted; and a plurality of sliding bearing members

jointed onto the insert hole of the intermediate housing.
The plurality of sliding bearing members form a sliding
bearing which sustains the planetary pin and the planetary

gear to be rotatable with each other.

In one embodiment, the intermediate housing and the
sliding bearing member are jointed so as not to be

detachable, and the planetary gear and the intermediate
housing are jointed so as to be detachable. Here, it is
preferable that the intermediate housing and the sliding
bearing member are welded and the planetary gear and the

intermediate housing are jointed with shrink fitting.

It 1s preferable that the intermediate housing
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includes at least one thrust pad serving as a thrust bearing

provided on a surface opposed to a carrier which is jointed

il

to the planetary pin. When a plurality of thrust pads are

provided, 1t is preferable that the thrust pads are

circumferentially arranged to be separated from each

other.

In another aspect of the present invention, a bearing
structure 1s provided with: an intermediate housing to be

inserted into a through hole provided through a gear member

having teeth formed on the outer surface thereof and having

an 1nsert hole into which apin is inserted; and a plurality

of sliding bearing members jointed onto the insert hole

of the intermediate housing. The plurality of sliding

pearing members form a sliding bearing.

F

In still another aspect of the present invention, a

wind turbine generator is provided with: a wind turbine
rotor including a rotor head and a wind turbine blade
coupled to the rotor head; a gear box including an input

shaft jolnted to the rotor head; and a generator jointed

Lo an output shaft of the gear box. The gear box includes
a planetary gear train. The planetary gear train-

includes: a planetary gear; and a planetary pin inserted
into the planetary gear. The planetary gear includes: a

P
—

gear member having teeth formed on the outer face thereof

and provided with a through hole; an intermediate housing
inserted into the through hole and having an insert hole

into which the planetary pin is inserted:; and a plurality
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of sliding bearing members jointed onto the insert hole
of the intermediate housing and érranged in a
circumferential direction of the planetary pin. The
pluralityof sliding bearing members forma sliding bearing
which sustains the planetary pin and the‘planetary gear

to be rotatable with each other.

In further another aspect of the present invention,

a manufacture method of a planetary gear having a structure

in which a planetary pin 1s inserted through an insert hole

of a planetary gear train 1s provided. The manufacture
method includes steps of: providing an intermediate

housing through which the insert hole is provided; jointing
aplurality of sliding bearing members onto the insert hole
of the intermediate housing, the sliding bearing members
forming a sliding bearing; and fitting the intermediate
housing into a through hole of a gear member having teeth

formed on the outer face. In one embodiment, the

intermediate housing and the sliding bearing member are
jointed so as not to be detachable, and the planetary gear

and the intermediate housing are jJjointed so as to be

detachable. Here, 1t 1s preferable that the intermediate
housing and the sliding bearing member are welded and the
planetary gear and the i1ntermediate housing are jointed
with shrink fitting.

The present invention allows assembling a sliding

bearing having a restriction in the formable shape as the

bearing of a planetary gear.
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Brief Description of Drawings

Fig.l is an outline view showing the configuration
of a wind turbine generator to which a planetary gear train
of one embodiment of the present invention 1is applied;

Fig.2 1s a perspective view showing the internal
structure of a nacelle 1in one embodiment of the present
invention;

Fig.3 is a cross sectional view showing the structure

of a gear box 1n one embodiment of the present i1nvention;

Fig.4 is a front view showing the structure of a
planetary gear 1n one embodiment of the present invention;

FFig.5 is a cross sectional view showing the structure

of the planetary gear according to one embodiment of the
present invention; and

FFig.6 1s a partial cross sectional view showing the
structure of an intermediate -housing in one embodiment of

the present invention.

Embodiments of Invention

Fig. 1 is an outline view showing the configuration

of a wind turbine generator utilizing a planetary gear

F

train of one embodiment of the present invention. A wind

turbine generator 1 is provided with a tower 2 stood on
a base 6, a nacelle 3 1nstalled on the top of the tower
2, a rotor head 4 rotatably attached to the nacelle 3, and

wind turbine blades 5 attached to the rotor head 4. The
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rotor head 4 and the wind turbine blades 5 form a wind

turbine rotor.

As shown in Filig. 2, a gear box 11 and a generator 12

are provided inside the nacelle 3. The input shaft of the

gear box 11 i1s coupled to the main shaft (not shown in the
drawing) of the rotor head 4, and the output shaft of the
gear box 11 1s coupled to the rotor of the generator 12.

When the rotor head 4 is rotated by wind power, the rotation

thereof 1s stepped up by the gear box 11 and transferred

to the rotor of the generator 12, so that the generator

12 1s driven. As a result, electric power is obtained from

the generator 12.

Fig. 3 1s a cross sectional view showing the

configuration of the gear box 11. The gear box 11 includes

a planetary gear train 13, a parallel shaft gear train 14,

and a housing 15 accommodating the same. The planetary

gear train 13 includes a sun gear 21, a plurality of

planetary gears 22 (only one shown), an internal gear 23,

a plurality of planetarypins 24 (only one shown), a carrier

25, and a planetary output shaft 26. The planetary gears

22 are positioned between the sun gear 21 and the internal
gear 23, and supported by the carrier 25 by the planetary
p&ns 24 inserted into the planetary gears 22. As described
below, a sliding bearing is provided on the inner face of
the 1nsert hole provided through each planetary gear 22

to allow the planetary gear 22 to rotate with respect to

the planetary pin 24. The carrier 25 is rotatably
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supported by bearings 27 provided on the housing 15, and

1s used as the input shaft of the planetary gear train 13,
that 1s, the input shaft of the gear box 11. On the other

hand, the planetary output shaft 26 is coupled to the sun

gear 21 to be used as the output shaft of the planetary
gear train 13. When the carrier 25 is rotated, the

rotation is transferred to the sun gear 21 via the planetary

gears 22, and thus the planetary output shaft 26 connected

to the sun gear 21 1s rotated at an increased rotation

speed.

The parallel shaft gear train 14 includes a first

rotating shaft 31 coupled to the planetary output shaft

26, a first helical gear 32 coupled to the first rotating

shaft 31, a second helical gear 33, a second rotating shaft

34 coupled to the second helical gear 33, a third helical

gear 35 coupled to the second rotating shaft 34*, a fourth

helical gear 36, and an output shaft 37 coupled to the

fourth helical gear 36. The first rotating shaft 31, the
second rotating shaft 34, and the output shaft 37 are

rotatably supported by bearings 38, 39, and 40 provided

"ijrst

Ll

on the housing 15, respectively. Moreover,'the
helical gear 32 and the second helical gear 33 are engaged

with each other, and the third helical gear 35 and the

fourth helical gear 36 are engaged with each other. In

the parallel shaft gear train 14 having such structure,

when the planetary output shaft 26 is rotated, the rotation

1s transferred to the first helical gear 32, the second
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helical gear 33, the third helical gear 35, and the fourth
helical gear 36, and the output shaft 37 connected to the

fourth helical gear 36 is rotated at an increased rotation

speed. That 1s, the gear box 11 provides a step-up of the

rotation of the carrier 25 by using the planetary gear train

13 and the parallel shaft gear train 14 when the carriler
25 1s rotated, and the resultant rotation is outputted from
the output shaft 37. .

In the planetary gear train 13 of this embodiment,
sliding bearings are provided on the inter faces of the
planetary gears 22, and the planetary gears 22 are
rotatably supported by the planetary pins 24 with the

sliding bearings. Although use of a sliding bearing 1s

effective for increasing the bearable load and the lifetime,

a sliding bearing having a large bearable load has a

restriction in the formable shape as described above. One

feature of the planetary gear train 13 of this embodiment

1s use of a structure which allows assembly of sliding
bearings having a restriction in the formable shape onto

the planetary gears 22. The structure of the planetary'

gears 22 will be explained below in detail.

Fig. 4 is a front view showing the structure of a
planetary gear 22 in this embodiment, and Fig. 5 is the
cross sectlonal view thereof. The planetary gea£.22
schematically includes: a gear member 41 haviﬁg teeth
formed on the outer face; an intermediate housing 42 which

is a distinct member from the gear member 41; and a pair
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"

of halved sliding bearing members 43 which have a half

cylindrical shape. A cylindrical sliding bearing 1s

formed by jointing the halved sliding bearing members 43

having the half cylindrical shape at the end faces 43d.
A planetary pin 24 is inserted into the sliding bearing.
In this embodiment, the halved sliding bearing

members 43 have a structure in which a surface layer 43a

L]

EK material)

made of resin material (for example, the P!

is backed up by a back metal 43b. Since the structure 1in

P

which a surface layer made of resin material 1s backed up

by a back metal is hard to be formed 1n a cylindrical shape
as discussed above, a structure in which the sliding

bearing 1s divided into a pair of halved sliding bearing
members 43 having the half cylindrical shape 1s employed

in this embodiment.

In order to assemble the halved sliding bearing

members 43 i1into the planetary gear 22, the following
structure is employed: A through hole 1s provided through

the gear member 41, and the i1ntermediate housing 42 1is

fitted i1nto the through hole. In this embodiment, the

intermediate housing 42 1s fitted into the through hole
of the gear member 41 with shrink fitting so that the

intermediate housi-ng 42 1s detachable from the gear member
41. The halved slidiling bearing members 43 are jointed onto

ﬁ

the inter face of the intermediate housing 42. In this

embodiment, the back metal 43b of the halved sliding

bearing member 43 1s welded onto the intermediate housing
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42 with laser-spot welding. In Fig. 4, welded positions

at which the back metal 43b is welded onto the intermediate

housing 42 are denoted by reference numerals 43c.

Additionally, a thrust bearing 1s attached to a

_

surface opposed to the carrier 25 of the intermediate

housing 42, in this embodiment. Specifically, a circular

groove 42a 1s formed on the surface opposed to the carrier

25 of the intermediate housing 42, and a plurality of thrust

F

segments 44 of circular arc are circumferentially arranged,

more speclfically, arranged in the groove 42a at regular

intervals in the circumferential direction. On the other
hand, as 1llustrated 1n F1g. 3, ring-shaped thrust collars
28 are provlided on the surfaces opposed to the planetary

—

gear 22 of the carrier 25, and the planetary pin 24 1is

inserted i1nto the thrust collars 28. The thrust segments
44 and the thrust collars 28 form a thrust bearing for

supporting the planetary gear 22 1n the thrust direction.

In this embodiment, sixteen thrust segments 44 are formed.

The thrust segm'ents 44 are arranged to be separated from

one another. It 1s advantageous that the thrust segments

44 are separated from one another from the aspect of

providing a path for supplying or ejecting lubricant oil
to or from a space between the halved sliding bearing
members 43 and the planetary pin 24. In this structure,

a clearance between adjacent thrust segments 44 serves as

a path through which the lubricant o0il flows.

It should be noted that the thrust collars 28 are not
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necessarily required as components of the thrust bearing.

Instead of providing the thrust collar 28, portions of the

carrier 25 opposed to the thrust segments 44 may be

polished.

FF1g. 6 1s a partial cross sectional view showing the

structure for attaching the thrust segments 44 onto the

intermediate housing 42. The thrust segments 44 include

a surface layer 44a formed of resin material (for example,

PEEK material) and a back metal 44b; the thrust bearing

1s configured as the sliding bearing. Each thrust segment

44 1s positioned by embedding a pin 45 into the intermediate

housing 42 and into the thrust segment 44, and fixed by

caulking the intermediate housing 42 against the thrust

segment 44. In Fig. 4 and 6, portions of the intermediate

housing 42 deformed by the caulking are denoted by

reference numerals 44c. The thrust segments 44 are

prevented from separating from the i1ntermediate housing

42 by caulking the intermediate housing 42. In addition,

holes are provided on the bottom surface of the groove 42a

of the intermediate houSing 42 and on the rear surfaces
of the thrust segments 44, and the pins 45 are embedded

in the holes. 1In this manner, the thrust segments 44 are

prevented from moving in the circumferential direction.

It 1s important to employ the structure in which the
intermediate housing 42 is assembled onto the gear member
41 with the halved sliding bearing members 43 assembled

onto the intermediate housing 42; the halved sliding



CA 02730096 2011-02-08

14

bearing members 43 are not directly assembled onto the gear

member 41. The halved sliding bearing members 43 of the

half cylindrical shape cannot be directly assembled onto
the gear member 41 with shrink fitting. Meanwhile, the
sliding bearing cannot be replaced and heat is partially

app‘lied to the gear member 41 to cause thermal deformation

0of the gear member 41, 1f the halved sliding bearing members

43 of the half cylindrical shape are directly welded to

the gear member 41. In this embodiment, the thermal

deformation of the gear member 41 is avoided and the halved

sliding bearing members 43 are replaceable by employing

the structure 1n which the intermediate housing 42, which

1s detachable from the gear member 41, is inserted between

the gear member 41 and the halved sliding bearing member

43,

The 1nsertion of the intermediate housing 42 is also

groe

preferable 1n terms of reduction in the TAT

R—

(turn—around—time)<xftﬁmamanufacturecm:a.planetary'gear
22. The structure in which the halved sliding bearing

members 43 and the thrust segments 44 are attached onto

the intermediate housing 42, which is a distinct member

from the gear member 41, allows carrying out the steps of

— |

forming teeth around the gear member 41 and attaching the
nalved sliding bearing members 43 and the thrust segments

44 onto the intermediate housing 42 in parallel. This

effectively reduces the TAT of the manufacture of the

planetary gear 22.
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As thus described, the planetary gear train 13 of this

embodiment adopts the structure in which the intermediate
housing 42 1s assembled onto the gear member 41 with the

halved sliding bearing members 43 assembled onto the

intermediate housing 42. This achieves a structure for
assembling the sliding bearing having a restriction in the

formable shape as the bearing of the planetary gear.

It should be noted that although embodiments of the

present invention are specifically described in the above,
the present invention may be implemented with various

modifications obvious to the person skilled in the art.

For example, although the sliding bearing includes a pair

of halved sliding bearing members 43 in this embodiment,

the sliding bearing may include three or more sliding

bearing members divided in the circumferential direction.

In addition, although embodiments are presented in which

L

the planetary gear train is applied to the gear box 11 of

the wind turbine generator 1 in the above, the planetary

g

gear train of the present invention may be preferably

applied also to other power machineries in which a large

load 1s applied to a planetary gear.
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CLAIMS
1. A planetary gear train, comprising:

a planetary gear,; and

a planetary pin inserted into said planetary gear,

wherein said planetary gear includes:

a gear member having teeth formed on an outer
face thereof and provided with a through hole;

an intermediate houSing inserted 1nto said
through hole and provided with an insert hole into which

salid planetary pin is inserted; and

a plurality of slidin‘g bearihg members jointed

onto sald 1insert hole of said intermediate housing, and

wherein said plurality of sliding bearing members
form a sliding bearing which sustains said planetary pin

and said planetary gear to be rotatable with each other.

2 . The planetary gear train according to claim 1,

whereiln said intermediate housing and said sliding bearing
member are jointed so as not to be detachable, and

wherein said planetary gear and said intermediate

housing are jointed so as to be detachable.

3. The planetary gear train according to claim 2,

wherein said intermediate housing and said sliding bearing

member are welded, .and

wherein said planetary gear and said intermediate

housing are jointed with shrink fitting.
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4 . The planetary gear train according to any one of
claims 1 to 3, further comprising a carrier connected to
sald planetary pin,

wherein said intermediate housing includes at least
one thrust pad serving as a thrust bearing provided on a

surface opposed to said carrier.

5. The planetary gear train according to claim 4,
wherein the number of said at least one thrust pad is two
or more, and

whereln said thrust pads are circumferentially

arranged to be separated from each other.

6 . A bearing structure, comprising:

an 1intermediate housing to be inserted into a through

hole provided through a gear member having teeth formed
on an outer surface thereof and having an insert hole into

which a pin is i1nserted; and

a plurality of sliding bearing members jointed onto

said insert hole of said intermediate housing,

wherein said plurality of sliding bearing members

form a sliding bearing.

7. The bearing structure according to claim 6, wherein
sald intermediate housing and said sliding bearing member

are jointed so as not to be detachable, and



CA 02730096 2011-02-08

18

wherein said planetary gear and said intermediate

housing are jointed so as to be detachable.

8 . The bearing structure according to claim 6, wherein
"sald plurality of sliding bearing members include:
a surface layer made of resin material; and

a back metal backing up said surface layer.

9. The bearing structure according to claim 6, wherein
said intermediate housing includes at least one thrust pad

serving as a thrust bearing.

10. A wind turbine generator, comprising:
a wind turbine rotor including a rotor head and a wind
turbine blade coupled to said rotor head;

a gear pbox including an input shaft jointed to said

rotor head; and

a generator jointed to an output shaft of said gear
box,

whereilin said gear box 1ncludes a planetary gear
train,

wherein said planetary gear train includes a
planetary gear; and a planetary pin inserted into said
planetary gear,

wherein said planetary gear includes:

a gear member having teeth formed on an outer

surface thereof and provided with a through hole;
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an intermediate housing inserted into said
through hole and provided with an insert hole into which

said planetary pin is inserted; and

a plurality of sliding bearing members jointed

onto said insert hole of said intermediate housing and

arranged 1n a circumferential direction of said planetary
pin, and

wherein said plurality of sliding bearing members
form a sliding bearing which sustains said planetary pin

and said planetary gear to be rotatable with each other.

11. A manufacture method of a planetary gear having a
structure 1n which a planetary pin is inserted through an
insert hole of a planetary gear train, said method
comprising steps of:

providing an intermediate housing through which said
insert hole is provided;

jointing a plurality of sliding bearing members onto
sald insert hole of said intermediate housing, said sliding

bearing members forming a sliding bearing; and
fitting said intermediate housing into a through hole

of a gear member having teeth on an outer face thereof.

12 . The manufacture method according to claim 11,
wherein said intermediate housing and said sliding
bearing member are jointed so as not to be detachable, and

whereln said planetary gear and said intermediate
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housing are jolnted so as to be detachable.

13. The manufacture method according toclaiml1l2, wherein

sald intermediate housing and said sliding bearing member

are welded, and

wherein said planetary gear and sald i1ntermediate

housing are jointed with shrink fitting.



D TR PR f b ema e Tt e T el e

ot CTERERET O - 1 02730096 2011—02—08 RS L LA L BN LLl [ SEE TR R S R ey t: TR T T

: . . - . . . -~ - . .
| - - - + r s

O - b

L s

.
. amede wl et e

-

.
"vharaa. .

L LI ST

-y

=44y v riie S B Wi - Air e v m,

It ~Ps rea»

-4

2]

r® Be o a P

cemd ~uw.

-

e by S -

v tade oo



e e pee--CA 02730096 2011-02-08 0 o

3 NACELLE

TYE S My pa v e e T N —— -




L LCA 02730096 2011-02-08 - 1 NI e e

Filg. 3

{1.GEAR BOX

5 36 FOURTH HELICAL GEAR

AQ:BEARING
20:PLANETARY GEAR 40— T T IR 37 QUTPUT
03 INTERNAL GEAR BT e g NOPAFT

24 . PLANETARY

o B 3 ‘l §|!|>!ﬂl-
A‘ ‘ 1 /’ i .
rui\}}}_\\\\\\‘%\ 10" BEARING

L\S'”;A ‘
=34 SECOND

_V{ il
-|.i'¢ ROTATING

SHAF T

m§% 2 ! 35 THIRD

Ny,  HELIGAL

: GEAR
E %
..J 7

<SZE 431 FIRST
;;‘\S’///, ROTAT?NG

SHAFT

=

\ [4:PARALLEL SHAFT

l % W BEARING GEAR TRAIN

S N4 NN\
32 .FIRST HELICAL GEAR

13:PLANETARY
GEAR TRAIN 15 HOUSING

21:SUN GEAR
20 :PLANETARY OUTPUT SHAFT

J33.SECOND HELICAL GEAR



i ie. CA 02730096 2011-02-08 .., o oo

22:PLANETARY GEAR -1g. 4

2 )4 AT'GEAR MEWBER  42: |NTERMEDIATE HOUSING
44 THRUST
" SEGHENT

43 43a
. w—_/
43 HALVED SLIDING
BEARING MEMBER




... CA 02730096 2011-02-08 ... occooee ...,

Fig. b

22 :PLANETARY GEAR

A- A : 5

W/ 5PN

*i\\\\\\\\‘\

Y. . MY MR NN MY Y M MW A W % “

43a
“-_“““““““““““ 43h }43 HALVED SLIDING

// 42 INTERMED |ATE HOUSING

| :GEAR MEMBER



it pepeeeeCA 02730096 2011-02-08 | .o .. . .

B-B

F1g. 0

44 THRUST SEGMENT




22:PLANETARY GEAR

41:GEAR WEWBER -
i P 42 INTERMEDIATE HOUS NG

44 THRUST
SEGMENT

43, 43a

A< 43:HALVED SLIDING
BEARING WEMBER



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	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 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - abstract drawing

