WO 2006/070245 A2 | 0|00 000 0 000 T O O A

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

(19) World Intellectual Property Organization [ mj

25 O 0100

International Bureau

(43) International Publication Date
6 July 2006 (06.07.2006)

(10) International Publication Number

WO 2006/070245 A2

(51) International Patent Classification:
F16H 55/08 (2006.01) F16H 57/08 (2006.01)

(21) International Application Number:
PCT/IB2005/003844

(22) International Filing Date:
20 December 2005 (20.12.2005)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

2004-379910 28 December 2004 (28.12.2004) JP

(71) Applicant (for all designated States except US): TOY-
OTA JIDOSHA KABUSHIKI KAISHA [JP/JP]; 1, Toy-
ota-cho, Toyota-shi, Aichi-ken 471-8571 (JP).

(72) Inventors; and
(75) Inventors/Applicants (for US only): TANABE, Kenji

(81

(84)

[JP/JP]; c/o TOYOTA JIDOSHA KABUSHIKI KAISHA,
1, Toyota-cho, Toyota-shi, Aichi-ken 471-8571 (JP).
MIZUNO, Yota [JP/JP]; c/o TOYOTA JIDOSHA
KABUSHIKI KAISHA, 1, Toyota-cho, Toyota-shi,
Aichi-ken 471-8571 (JP). HATA, Hiroshi [JP/JP]; c/o
TOYOTA JIDOSHA KABUSHIKI KAISHA, 1, Toy-
ota-cho, Toyota-shi, Aichi-ken 471-8571 (JP).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, KE, KG,
KM, KN, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, LY,
MA, MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI, NO,
NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG, SK,
SL, SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ,
VC, VN, YU, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARTPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, 7ZM,

[Continued on next page]

(54) Title: PLANETARY GEAR SET AND METHOD FOR PRODUCING THE SAME

14 90 29114

(57) Abstract: A planetary gear
set (1) includes a sun gear (30);
pinions (20) that are positioned
around the sun gear (30) and that
mesh with the sun gear (30); and
a ring gear (40) that is positioned
on the outer side of the pinions
(20) and that meshes with the
pinions (20). Each pinion (20) has
a plurality of teeth (291) on the
outer surface thereof. Each tooth
(291) has a first tooth surface and
a second tooth surface on opposite
sides of the tooth (291), which can
contact tooth surfaces of the sun
gear (30) and the ring gear (40).
The deviation of the first tooth
surface from the corresponding
reference surface differs from
the deviation of the second tooth
surface from the corresponding
reference surface.



WO 2006/070245 A2 [N A0VOH0 AT YK 00 00 AR

ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:

—  without international search report and to be republished
upon receipt of that report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.



10

15

20

25

30

WO 2006/070245 PCT/IB2005/003844
1

PLANETARY GEAR SET AND METHOD FOR PRODUCING THE SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The invention relates generally to a planetary gear set and a method for
producing the same, and, more specifically, to such planetary gear set mounted in a vehicle
and a method for producing the same.

2. Description of the Related Art

[0002] A conventional type of planetary gear set and a method for producing the same
are described in, for example, Japanese Patent Application Publication No. JP-A-02-
278044 and Japanese Patent Application Publication No.JP-A-09-32891.

[0003] Japanese Patent Application Publication No. JP-A-02-278044 describes a
pinion where the center of gravity does not coincide with the center point. Japanese
Patent Application Publication No. JP-A-09-32891 describes a method for assembling a
Ravigneaux type planetary gear set where a pinion is placed in the appropriate orientation
by using a convex portion of a carrier and marking applied on the pinion.

[0004] However, even with the technology described in either of the above-mentioned
publications, the features required during acceleration and the features required during

deceleration cannot be sufficiently obtained.

SUMMARY OF THE INVENTION

[0005] The invention is made to solve the above-mentioned problem. It is, therefore,
an object of the invention to provide a planetary gear set which can satisfy the
requirements that vary depending on whether the vehicle is accelerating or decelerating,
and a method for producing such a planetary gear set.

[0006] A first aspect of the invention relates to a planetary gear set including a sun
gear; pinions that are positioned around the sun gear and that mesh with the sun gear; and a
ring gear that is positioned on the outer side of the pinions and that meshes with the
pinions. Each pinion has a plurality of teeth on the outer surface thereof. Each tooth has
a first tooth surface and a second tooth surface on opposite sides of the tooth, which can
contact the tooth surfaces of the sun gear and the ring gear. The deviation of the first
tooth surface froni the corresponding reference surface differs from the deviation of the
second tooth surface from the corresponding reference surface.

[0007] In the thus configured planetary gear set, because the deviation of the first
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tooth surface from the reference surface differs from the deviation of the second tooth
surface from the reference surface, the features for the first tooth surface and the second
tooth surface can be set independently of each other. As a result, if the first tooth surface
is used as the tooth surface used during one of acceleration and deceleration, and the
second tooth surface is used as the tooth surface used during the other of acceleration and
deceleration, it is possible to provide the planetary gear set having both the tooth surface
corresponding to the features for acceleration and the tooth surface corresponding to the
features for deceleration.

[0008] In the first aspect, each pinion may have a first face and a second face that are
apart from each other at a given distance in the thrust direction to define the length of the
pinion, and the distance between the first face of the pinion and the first face of the tooth
may be different from the distance between the second face of the pinion and the second
face of the tooth. In this case, because the distance between the first face of the pinion
and the first face of the tooth differs from the distance between the second face of the
pinion and the second face of the tooth, it becomes easier to discriminate between the first
face and the second face. Accordingly, the pinion can be accurately fitted to the planetary
gear set.

[0009] In the first aspect, the tooth of the pinion may be asymmetric in the right-and-
left direction, and the planetary gear set may further include reverse-fitting prevention
means for preventing the pinion from being fitted to the planetary gear set when reversed
left to right. In this case, due to the presence of the reverse-fitting prevention means, the
pinion cannot be fitted to the planetary gear set in the reverse orientation.

[0010] In the first aspect, the planetary gear set may further include a planetary carrier
that supports the pinions, and the reverse-fitting prevention means may include a
projection formed in the planetary carrier or the pinion.

[0011] In the first aspect, the projection may be formed on the face of the planetary
carrier, which faces one of the side surfaces of the tooth of the pinion.

[0012] In the first aspect, the projection may be formed on one of the side surfaces of
the tooth of the pinion, which faces the face of the planetary carrier.

[0013] A second aspect of the invention relates to a method for producing a planetary
gear set. The method includes fitting a planetary carrier to a jig; and fitting a pinion,
which has a plurality of teeth on the outer surface and in which each tooth has a first tooth
surface and a second tooth surface and the deviation of the first tooth surface from the

reference surface differs from the deviation of the second tooth surface from the reference
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surface, to the planetary carrier fitted to the jig. The jig prevents the pinion from being
fitted to the planetary carrier when reversed left to right.

[0014] According to such a method for producing a planetary gear set, because the jig
prevents the pinion from being fitted to the planetary carrier when reversed left to right, the
pinion cannot be fitted to the planetary carrier in the reverse orientation.

[0015] In the second aspect, whether the pinion is inappropriately fitted to the
planetary carrier may be determined based on whether the end of the jig in the axial
direction interferes with the side surface of the tooth of the pinion fitted to the planetary
carrier.

[0016] A third aspect of the invention relates to a method for producing a planetary
gear set. The method includes fitting a pinion, which has a plurality of teeth on the outer
surface and in which each tooth has a first tooth surface and a second tooth surface and the
deviation of the first tooth surface from the reference surface differs from the deviation of
the second tooth surface from the reference surface, to a planetary carrier; and determining
whether the pinion is fitted to the planetary carrier while being reversed left to right, by
measuring the distance between the side surface of the tooth of the pinion fitted to the
planetary carrier and the reference surface of the planetary carrier.

[0017] According to this method for producing a planetary gear set, because the
orientation of the pinion when fitted to the planetary carrier can be determined by
measuring the distance between the face of the tooth of the pinion and the reference
surface, fitting the pinion to the planetary carrier in the reverse orientation can be
prevented.

[0018] In the third aspect, the reference surface of the planetary carrier may be the
face that is orthogonal to the axis of the planetary carrier and that faces the pinion.

[0019] According to the above-mentioned aspects of the invention, it is possible to
provide the planetary gear set that can offer the appropriate features depending on whether

the vehicle is accelerating or decelerating.

BRIEF DESCRIPTION OF THE DRAWINGS
[0020] The features, advantages thereof, and technical and industrial significance of
this invention will be better understood by reading the following detailed description of
preferred embodiments of the invention, when considered in connection with the
accompanying drawings, in which:

FIG. 1 illustrates the front view of a planetary gear set according to a first embodiment
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of the invention;

FIG. 2 illustrates the cross sectional view taken along line II-II in FIG. 1;

FIG.3 illustrates the enlarged cross sectional view of a first face in FIG. 2;

FIG. 4 illustrates the enlarged cross sectional view of a second face in FIG. 2;

FIG. 5 illustrates the cross sectional view of a pinion;

FIG. 6 illustrates the front view of the pinion viewed in the direction shown by the
arrow VIin FIG. 5;

FIG. 7 illustrates the rear view of the pinion viewed in the direction shown by the arrow
VI in FIG. 5;

FIG. 8 illustrates the plan view of the pinion viewed in the direction shown by the arrow
VII in FIG. 5;

FIG. 9 illustrates the perspective view including the cross section taken along line IX-IX
in FIG. §;

FIG. 10 illustrates the cross sectional view for describing a method for producing a
planetary gear set according to a second embodiment of the invention; and

FIG. 11 illustrates the cross sectional view for describing a method for producing a

planetary gear set according to a third embodiment of the invention.

DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENTS

[0021] In the following description and accompanying drawings, the invention will be
described in more detail in terms of exemplary embodiments. The same or corresponding
portions will be denoted by the same reference numerals, and will be described only once.

[0022] First, a first embodiment of the invention will be described in detail. FIG. 1
illustrates the front view of a planetary gear set according to the first embodiment. As
shown in FIG. 1, a planetary gear set 1 includes a sun gear 30 that is positioned at the
center of the planetary gear set; pinions 20 that are provided around the sun gear 30 and
that mesh with the sun gear 30; a ring gear 40 that meshes with the pinions 20; and a
planetary carrier 10 that supports the pinions 20.

[0023] The planetary gear set 1 according to the invention is used as an automatic
transmission or a power split mechanism for a hybrid vehicle. When power is input in the
ring gear 40, the sun gear 30 is fixed, and the power is output from the planetary carrier 10,
the ring gear 40 and the planetary carrier 10 turn in the same direction. When power is
input in the planetary carrier 10, the sun gear 30 is fixed, and the power is output from the

ring gear 40, the ring gear 40 and the planetary carrier 10 turn in the same direction.
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When the planetary carrier 10 is fixed, power is input in the sun gear 30, and the power is
output from the ring gear 40, the sun gear 30 and the ring gear 40 turn in opposite
directions.

[0024] As described above, in the planetary géar set 1, one of the ring gear 40, each
pinion 20, and the sun gear 30 is fixed, and the power is transferred by the other two
components. Each pinion 20 has teeth 291 on the outer surface thereof, and the teeth 291
mesh with teeth 491 of the ring gear 40 and teeth 391 of the sun gear 30. The pinions 20
are supported by the planetary carrier 10. The planetary carrier 10 includes a first carrier
11, a second carrier 12, and a shaft 13. Projections 14 are formed in the first carrier 11 to
prevent the pinions 20 from being fitted to the planetary carrier 10 in the reverse
orientation.

[0025] The pinion 20 is placed in the planetary carrier 10 by being slid in the direction
shown by an arrow 292, while the planetary carrier 10 is fitted to the planetary gear set 1.
The pinion 20 placed in the planetary carrier 10 is positioned by the pin-shaped shaft 13,
and rotatably supported by the planetary carrier 10.

[0026] FIG. 2 illustrates the cross sectional view taken along line II-Il in FIG. 1. As
shown in FIG. 2, the planetary carrier 10 includes the disc-shaped first carrier 11, the disc-
shaped second carrier 12, and the shaft 13 that connects the first carrier 11 to the second
carrier 12. The pinion 20 is rotatably supported by the shaft 13. A washer 111 is
provided between the pinion 20 and the first carrier 11, and a washer 112 is provided
between the pinion 20 and the second carrier 12.

[0027] The teeth 291 are provided on the outer surface of each pinion 20. The tooth
291 may be formed of either of a spiral gear or a spur gear. The tooth 291 of the pinion
20 has a first face 21 and a second face 22. The first face 21 and the second face 22 are
different in shape. The first face 21 is closer to the projection 14 than the second face 22
is, and is formed so as not to interfere with the projection 14.

[0028] In contrast, the second face 22 is further from the projection 14 than the first
face 21is. If the pinion 20 in the reverse orientation (i.e., reversed left to right) is placed
in the planetary carrier 10 in the direction shown by the arrow 292, the projection 14
interferes with the second face 22. With this configuration, the pinion 20 cannot be fitted
to the planetary carrier 10 when reversed left to right. The distance between the end of
the projection 14 and the second carrier 12, that is, the window width of the carrier is “A”;
the thickness of each of the washers 111 and 112 is “B”, and the width of the pinion 20 is
“C”, Each of “A”, “B”, and “C” can be changed as required.
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[0029] FIG. 1 shows the structure where five pinions 20 are provided. However, the
number of the pinions 20 is not limited to five. Any number of pinions 20 may be
provided as appropriate. Also, double pinions may be used for the pinions 20.

[0030] FIG. 3 illustrates the enlarged cross sectional view of the first face 21 in FIG. 2.
FIG. 4 illustrates the enlarged cross sectional view of the second face 22 in FIG. 2. As
shown in FIG. 3, the first face 21 of the tooth 291 is the thrust surface of the pinion 20.
The distance between a first face 281 of the pinion 20 and the first face 21 of the tooth 291
is “D”, namely, the length of the step formed in the left face of the pinion 20 is “D”.

[0031] As shown in FIG. 4, the second face 22 in the rear side of the tooth 291 is the
thrust surface, and the shape of the second face 22 differs from the shape of the first face
21. The distance between a face 282 of the pinion 20 and the second face 22 of the tooth
291 is “E”.

[0032] The height of the projection 14 is “H”. The relationship among “A” to “E”
and “H” can be expressed as follows;

A-B-C+E<H<A-B-C+D
The projection 14 is formed at a position at which the projection 14 does not interfere with
the pinion 20 when the pinion 20 turns.

[0033] FIG. 5 illustrates the cross sectional view of the pinion 20. FIG. 6 illustrates
the front view of the pinion 20 viewed in the direction shown by the arrow VI in FIG. 5.
FIG. 7 illustrates the rear view of the pinion 20 viewed in the direction shown by the arrow
VIIin FIG. 5. Referring to FIGS. 5 to 7, the first face 21 may be painted as shown in FIG.
6 such that the worker can easily discriminate between the right side and the left side of the
pinion 20. The hatched portion in FIG. 6 depicts the painted portion.

[0034] As shown in FIG. 5, in the cylindrical pinion 20, the step formed on the first
face 21 side and the step formed on the second face 22 side are of different shapes.
Generally, such differences in shape enable the worker to make a discrimination between
the right side and the left side of the pinion 20. However, the worker sometimes makes
an erroneous discrimination. To prevent such an erroneous discrimination, the first face
21 may be painted. As shown in FIG. 7, the second face 22 is not painted. In addition, a
groove 295 may be formed in the tooth 291. Thus, a discrimination between the right
side and the left side of the pinion 20 can be easily made by touching the tooth 291. Itis
preferable to form the groove 295 in the end portion of the tooth 291.

[0035] FIG. 8 illustrates the plan view of the tooth 291 viewed in the direction shown
by the arrow VIII in FIG. 5.  As shown in FIG. 8, one tooth 291 has a tooth top surface
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7
201. The tooth top surface 201 is sandwiched by an acceleration side tooth top line 203
and a deceleration side tooth top line 253. Namely, the region defined by the acceleration
side tooth top line 203 and the deceleration side tooth top line 253 is the tooth top surface
201. The acceleration side tooth top line 203 and the deceleration side tooth top line 253
both deviate from respective reference tooth top lines 212.  The deviation on the
acceleration side differs from the deviation on the deceleration side.

[0036] The “acceleration side” is the side where the tooth surface of the pinion 20
contacts the tooth surface of the ring gear 40 or the sun gear 30 while the vehicle is
accelerating. The “deceleration side” is the side where the tooth surface of the pinion 20
contacts the tooth surface of the ring gear 40 or the sun gear 30 while the vehicle is
decelerating. An acceleration side tooth surface 209 is positioned adjacent to the
acceleration side tooth top line 203. The deceleration side tooth surface 259 is positioned
adjacent to the deceleration side tooth top line 253. The boundary between the
acceleration side tooth surface 209 and a tooth bottom surface 202 is an acceleration side
tooth trace 207. The boundary between the deceleration side tooth surface 259 and the
tooth bottom surface 202 is a deceleration side tooth trace 257. The acceleration side
tooth trace 207 and the deceleration side tooth trace 257 both deviate from respective
reference tooth traces 213. The deviation of the acceleration side tooth trace 207 from the
reference tooth trace 213 is “B1”. The deviation of the deceleration side tooth trace 257
from the reference tooth trace 213 is “B2”. Namely, the correction amount is “B1” on the
side of the acceleration side tooth trace 207, and the correction amount is “B2” on the side
of the deceleration side tooth trace 257. The tooth 291 is in the form of an involute gear.
The reference tooth top line 212 and the reference tooth trace 213 correspond to the tooth
top line and tooth trace of the involute gear, respectively. In contrast to this, according to
the invention, the tooth top line and the tooth trace both deviate from the respective
reference lines on both of the acceleration side and the deceleration side. The deviation is
different between the acceleration side and the deceleration side.

[0037] FIG. 9 illustrates the perspective view including the cross sectional view taken
along line IX-IX in FIG. 8. The hatched portion in FIG. 9 corresponds to the cross section
taken along line IX-IX in FIG. 8. As shown in FIG. 9, in the tooth 291 according to the
first embodiment, the tooth profile deviates from the reference tooth profile. More
specifically, the deviation of an acceleration side tooth profile 205 from a reference tooth
profile 211 is “A1”, and the deviation of a deceleration side tooth profile 255 from the
reference tooth profile 211 is “A2”.
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[0038] The deviation “A1” corresponds to the correction amount of the tooth profile
on the acceleration side, and the deviation “A2” corresponds to the correction amount of
the tooth profile on the deceleration side. The reference tooth profile 211 exhibits the
involute curve. Each of the acceleration side tooth profile 205 and the deceleration side
tooth profile 255, that are the actual tooth profiles, deviates from the reference tooth profile
211 by a predetermined amount. The deviation differs between the acceleration side and
the deceleration side. The required features of the tooth profile differ between the
acceleration side and the deceleration side. To sufficiently obtain both the features
required on the acceleration side and the features required on the deceleration side, the
tooth profile and the tooth trace are differentiated between the acceleration side and the
deceleration side.

[0039] As shown in FIG. 2, if the pinion 20 is fitted to the planetary carrier 10 in the
reverse orientation, namely, if the pinion 20 is fitted to the planetary carrier 10 with the
acceleration side and the deceleration side of the pinion 20 reversed, a part of the pinion 20
(the second face 22) interferes with the projection 14. Accordingly, as shown in FIGS. 1
and 2, when the pinion 20 is placed in the planetary carrier 10 by being slid in the direction
shown by the arrow 292, the projection 14 interferes with the pinion 20, and, therefore, the
pinion 20 cannot be placed in the planetary carrier 10. As a result, the pinion 20 cannot
be fitted to the planetary carrier 10.

[0040] As described so far, the planetary gear set 1 according to the first embodiment
includes the sun gear 30, the pinions 20 that are provided around the sun gear 30 and that
mesh with the sun gear 30, and the ring gear 40 that is positioned on the outer side of the
pinions 20 and that meshes with the pinions 20. Each pinion 20 has a plurality of teeth
291 on the outer surface thereof. Each tooth 291 has the acceleration side tooth surface
209, as the first tooth surface, and the deceleration side tooth surface 259, as the second
tooth surface, on opposite sides of the tooth 291, which can contact the tooth surfaces of
the sun gear 30 and the ring gear 40. The deviation of the acceleration side tooth surface
209 from a reference surface 221 (involute tooth surface) differs from the deviation of the
deceleration side tooth surface 259 from the reference surface 221 (involute tooth surface).
The deviation appears as the deviation of the tooth profile from the reference tooth profile
and the deviation of the tooth trace from the reference tooth trace. The deviation “A1” of
the tooth profile from the reference tooth profile differs from the deviation “A2” of the
tooth profile from the reference tooth profile. ~Also, the deviation “B1” of the tooth trace

from the reference tooth trace differs from the deviation “B2” of the tooth trace from the
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reference tooth trace.

[0041] As shown in FIGS. 3 and 4, the pinion 20 has the first face 281 and the second
face 282 in the thrust direction. The distance “D” between the first face 281 of the pinion
20 and the first face 21 of the tooth 291 differs from the distance “E” between the second
face 282 of the pinion 20 and the second face 22 of the tooth 291.

[0042] As shown in FIG. 8, the tooth 291 of the pinion 20 is asymmetric in the right-
and-left direction. The projection 14, which serves as reverse-fitting prevention means
for preventing the pinion 20 from being fitted to the planetary gear set 1 when reversed left
to right, is further provided. The planetary carrier 10 that supports the pinions 20 is
further provided, and the projection 14 is formed in the planetary carrier 10 or the pinion
20.

[0043] Next, a method for producing the planetary gear set 1 according to the
invention will be described in detail. The method is for producing a planetary gear set 1
that includes the sun gear 30; the pinions 20 that are positioned around the sun gear 30 and
that mesh with the sun gear 30; the ring gear 40 that is positioned on the outer side of the
pinions 20 and that meshes with the pinions 20; and the planetary carrier 10 that supports
the pinions 20. Each pinion 20 has a plurality of teeth 291 on the outer surface thereof,
and each tooth 291 has the acceleration side tooth surface 209, as the first tooth surface,
and the deceleration side tooth surface 259, as the second tooth surface, on opposite sides
of the tooth 291, which can contact the tooth surfaces of the sun gear 30 and the ring gear
40. The deviation of acceleration side tooth surface 209 from the reference surface 221
differs from the deviation of the deceleration side tooth surface 259 from the reference
surface 221.

[0044] In such a planetary gear set 1, the tooth profile of the pinion 20 varies between
the acceleration side and the deceleration side, and length of the step formed between the
first face 281 and the first face 21 of the tooth 291 differs from the length of the step
formed between the second face 282 and the second face 22 of the tooth 291. Due to
such a structure, the pinion 20 cannot be fitted to the planetary carrier 10 when reversed
left to right. More specifically, the projection 14 is formed in the planetary carrier 10 to
prevent erroneous fitting. It is, therefore, possible to provide the planetary gear set 1 that
can reliably exhibit the features required for acceleration and the features required for
deceleration.

[0045] Next, a second embodiment of the invention will be described in detail. FIG.

10 illustrates the cross sectional view for describing the method for producing a planetary
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gear set according to the second embodiment. ~ As shown in FIG. 10, the planetary gear set
1 according to the second embodiment is configured in the same manner as the planetary
gear set 1 according to the first embodiment, and the pinion 20 is fitted to the planetary
carrier 10 by using a jig 500. When the pinion 20 is fitted to the planetary carrier 10, the
jig 500 is used. A projection portion 510 of the jig 500 protrudes toward the inner side of
the planetary carrier 10. As shown in FIG. 10, when the pinion 20 is appropriately fitted
to the planetary carrier 10, the projection portion 510 does not interfere with the pinion 20.
On the other hand, if the pinion 20 is fitted to the planetary carrier 10 when reversed left to
right, a part of the pinion 20 protrudes as shown by the chain line in FIG. 10, and interferes
with the projection portion 510. As a result, the pinion 20 cannot be fitted to the
planetary carrier 10 when in the reverse orientation.

[0046] Namely, according to the method for producing a planetary gear set accérding
to the second embodiment, fitting the pinion 20 to the planetary carrier 10 in the reverse
orientation can be prevented, without forming a projection in the planetary carrier 10.

The projection is formed on the jig 500 for fixing the planetary carrier 10. Due to the
presence of the projection portion 510, fitting the pinion 20 to the planetary carrier 10 in
the reverse orientation is prevented. When the thickness of the first carrier 11 is “F”, and
the length of the projection portion is “G”, the following relationship can be obtained;

F+A-B-C+E<G<F+A—B_C+D

Namely, the method for producing a planetary carrier according to the second
embodiment is the method for producing a planetary carrier provided with the same pinion
20 as that in the first embodiment. The method includes fitting the planetary carrier 10 to
the jig 500, and then fitting the pinion 20 to the planetary carrier 10. The projection
portion 510 of the jig 500 prevents the pinion 20 from being fitted to the planetary carrier
10 when reversed left to right.

[0047] According to this method for producing a planetary gear set, because the
projection portion 510 of the jig 500 interferes with the pinion 20 if the pinion 20 is fitted
to the planetary carrier 10 in the reverse orientation. Accordingly, the pinion 20 cannot be
fitted to the planetary carrier 10 when reversed left to right.

[0048] Hereafter, a third embodiment of the invention will be described in detail.

FIG. 11 illustrates the cross sectional view for describing the method for producing a
planetary gear set according to the third embodiment. ~As shown in FIG. 11, according to
the third embodiment, the distance between the second face 22 and a reference surface 11a

is measured, and whether the pinion 20 is appropriately fitted to the planetary carrier 10 is
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11
determined by determining whether the measured value is within the predetermined range.
If the pinion 20 is appropriately fitted to the planetary carrier 10, the measured value J is
within the following range.

B+C-D<J<B+C-E

If the value J is not within the range, the pinion 20 is fitted to the planetary carrier 10 in
the reverse orientation. After the pinion 20 is fitted to the planetary carrier 10, the
distance between the second face 22 and the reference surface 11a is measured. Thus,
shipment of a planetary gear set 1, where the pinion 20 is fitted to the planetary gear set 10
in the reverse orientation, can be prevented.

[0049] Namely, the method for producing a planetary gear set according to the third
embodiment is the method for producing a planetary carrier provided with the same pinion
as that in the first embodiment. The method includes fitting the pinion 20 to the planetary
carrier 10, and determining whether the pinion 20 is fitted to the planetary carrier 10 in the
reverse orientation by measuring the distance between the face of the tooth of the pinion 20
and the reference surface.

[0050] While the preferred embodiments of the invention have been described, the
embodiments may be modified in various manners.

[0051] First, the invention may be applied not only to a transmission for a vehicle but
also a transmission used for an element other than a vehicle.

[0052] Also, the planetary gear set according to the invention may be mounted not
only in a vehicle but also in a two-wheeled vehicle.

- [0053] As the profile of the tooth, an involute gear is described in the above-
mentioned embodiment. However, the invention may be applied to a cycloidal gear or a
circular arc gear.

[0054] The embodiment of the invention that has been disclosed in the specification is
to be considered in all respects as illustrative and not restrictive. The technical scope of
the invention is defined by claims, and all changes that come within the meaning and range
of equivalency of the claims are therefore intended to be embraced therein.

[0055] The invention may be applied in a field of a planetary gear set that is mounted

in, for example, a vehicle.
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CLAIMS

1. A planetary gear set including a sun gear (30); pinions (20) that are positioned around
the sun gear (30) and that mesh with the sun gear (30); and a ring gear (40) that is
positioned on an outer side of the pinions (20) and that meshes with the pinions (20),
characterized in that

each pinion (20) has a plurality of teeth (291) on an outer surface,

each tooth (291) has a first tooth surface (209) and a second tooth surface (259) on
opposite sides of the tooth (291), which can contact tooth surfaces of the sun gear (30) and
the ring gear (40), and

a deviation (A1) of the first tooth surface (209) from a reference surface (211) differs

from a deviation (A2) of the second tooth surface (259) from a reference surface (221).

2. The planetary gear set according to claim 1, characterized in that

the pinion (20) has a first face (281) and a second face (282) on opposite sides of the
pinion (20) in a thrust direction, and a distance between the first face (281) and a first face
(21) of the tooth (291) differs from a distance between the second face (282) and a second
face (22) of the tooth (291).

3. The planetary gear set according to claim 1 or 2, characterized in that
the tooth (291) of the pinion (20) is asymmetric in a right-and-left direction, and
reverse-fitting prevention means for preventing the pinion (20) from being fitted to the

planetary gear set when reversed left to right is further provided.

4. The planetary gear set according to claim 3, characterized in that
a planetary carrier (10) that supports the pinions (20) is further provided, and
the reverse-fitting prevention means includes a projection (14) formed in the planetary

carrier (10) or the pinion (20).

5. The planetary gear set according to claim 4, characterized in that
the projection (14) is formed on a face of the planetary carrier (10), which faces one of

side surfaces of the tooth (291) of the pinion (20).
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6. The planetary gear set according to claim 4, characterized in that
the projection (14) is formed on one of side surfaces of the tooth (291) of the pinion

(20), which faces a face of the planetary carrier (10).

7. A method for producing a planetary gear set characterized by comprising the following
steps of:

fitting a planetary carrier (10) to a jig (500); and

fitting a pinion (20), which has a plurality of teeth (291) on an outer surface and in
which each tooth (291) has a first tooth surface (209) and a second tooth surface (259) and
a deviation (A1) of the first tooth surface (209) from a reference surface (211) differs from
a deviation (A2) of the second tooth surface (259) from a reference surface (221), to the
planetary carrier (10) fitted to the jig (500), wherein

the jig (500) prevents the pinion (20) from being fitted to the planetary carrier (10)

when reversed left to right.

8. The method for producing a planetary gear set according to claim 7, characterized by
further comprising the step of:

determining whether the pinion (20) is inappropriately fitted to the planetary carrier (10)
based on whether an end of the jig (500) in an axial direction interferes with a side surface

(21) of the tooth (291) of the pinion (20) fitted to the planetary carrier (10).

9. A method for producing a planetary gear set, characterized by comprising the following
steps of:

fitting a pinion (20), which has a plurality of teeth (291) on an outer surface and in
which each tooth (291) has a first tooth surface (209) and a second tooth surface (259) and
a deviation (A1) of the first tooth surface (209) from a reference surface (211) differs from
a deviation (A2) of the second tooth surface (259) from a reference surface (221), to a
planetary carrier (10); and

determining whether the pinion (20) is fitted to the planetary carrier (10) while being
reversed left to right, by measuring a distance (J) between a side surface (22) of the tooth
(291) of the pinion (20) fitted to the planetary carrier (10) and a reference surface (11a) of
the planetary carrier (10).

10. The method for producing a planetary gear set according to claim 9, characterized in
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that
the reference surface (11a) of the planetary carrier (10) is a face that is orthogonal to an

axis of the planetary carrier (10) and that faces the pinion (20).
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