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We, NTN CORPORATION,

of 3-17, Kyomachibori 1l-chome,
Nishi-ku, Osaka,
JAPAN

hereby apply for the grant of a standard patent for an
invention entitled:
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which is described in the accompanying complete specification

Details of basic application(s):

Number of basic Name of Convention country in Date of basic

application which basic application was application
filed
61-75876 JAPAN 2 APR 86

Our address for service is care of GRIFFITH HACK & CO.,
Patent Attorneys, 601 St. Kilda Road, Melbourne 3004,
Victoria, Australia.
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AUSTRALIA

Patents Act 1952

DECLARATION IN SUPPORT OF A CONVENTION OR NON-CONVENTION
APPLICATION FOR A PATENT OR PATENT OF ADDITION

In support of the apglication made by
NTN TOYO BEARING CO., LTD.

for a patent for an invention entitled
"SLIDABLE-TYPE HOMOKINETIC (UNIVERSAL) TRIPOD JOINT

I#4We,_ YOSHITSUGI SUMA
of c/o NTN TOYO BEARING CO., LTD.,
3-17 KYOMACHIBORI 1-CHOME NISHI-KU, OSAKA,
JAPAN

do solemnly and sincerely declare as follows:-

1. I amfwe—are—the—applicanti{e)l—for—the—patent,—or
—amfare—-authorised by the abovementioned applicant
to make this declaration on its behalf.

2. The basic application{s} as defined by Section 141
of the Act was/were made in the following country
or countries on the following date(s} by the
following applicantt{s) namely:-

in JAPAN on 2ND APRIL- 19 86
by. NTN TOYO BEARING CO., LTD.
in on 19

by

3. The said basir application{s) was/were-the first
application4s) made in a Convention country in respect
of the invention the subject of the application.

4. The actual inventor(s) of the said invention-is/are .
KEIJI IWASAKI of 1-29-19 Aobadai Midori-ku Yokohoma-shi

Kanagawa, Japan; YUKIMITSU YAMAMOTO of 3502 Nishisakabe-cho

Yokkaichi-shi Mie, Japan; MASAO KATO of 348 Oaza Hieda Kuwana-

shi Mie, Japan; MIKIO BANNO of 528-30 Yakitashinden Ninokami
5. The facts upon which the applicant{s} is/fare entitled (cont.*®

to make this application are as follows:- .
The applicant would be entitled to have assigned to

it a patent granted to the actual i1nventors 1n respect
of the said invention. '

DECLARED at___ Japan this_ 24thday of _March 1987

Y - \
Cont* Yatomi-cho Ama-gun Aichi, Japan.

This form may be completed and filed after the filing of a patent
application but the form must not be signed until after it has been
completely filled in as indicated by the marginal notes. The

place and date of signing must be filled in. Company stamps or
seals should not be used.
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(12) PATENT ABRIDGMENT  (11) Document No. AU-B-707£6/87
(19) AUSTRALIAN PATENT OFFICE (10) Acceptaiice No. 598983

(Modified Examination)

(54) Title
SLIDABLE-TYPE HOMOKINETIC (UNIVERSAL) TRIPOD JOINT

International Patent Classification(s)
(51)* F16D 003/20

(21) Application No. : 70756/87 (22) Application Date : 30.03.87

(30) Priority Data

(31) Number (32) Date (33) Country °
61-75876 02.04.386 JP JAPAN

(43) Publication Date : 23.10.87
(44) Publication Date of Accepted Application : 05.07.90

(71) Applicant(s)
NTN CORPORATION

(72) Inventor(s)
MIKIO BANNO; MASAQC KATQ; YUKIMITSU YAMAMOTO; KEIJI IWASAKI

(74) Attorney or Agent
GRIFFITH HACK & CO. MELBOURNE

(57) Claim
1. A slidable-type homokinetic tripod joint
comprising:

an outer member formed in its inner surface with
three track grooves extending axially and equally angularly
spaced about its axis, each of said track grooves being
formed at each side therecf with a roller guide surface
extending in the direction of axis of said outer member;

a tripod member having three trunnions projecting
radially and equally angularly spaced around its axis, said
tripod member being mounted in said outer member with said
trunnions on said tripod member received in said respective
track grooves in said outer member,

a spherical roller rotatably mounted on said each
trunnion and having outer periphery thereof guided by said

rollexr guide suxfaces,
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one of each said outer periphery of said roller and
its respective guide surface being formed such that each
said spherical roller is in contact with said roller guide

surface at only two points during rotation of the joint.
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Complete Specification for the invention entitled:
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The following statement is a full description of this invention

including the best method of performing it known to me:-
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The present invention relates to a homokinetic '!; }
universal joint used mainly for front wheel drive vehicles, M35‘3 ‘

t.‘ -2

and particularly to a tripod type homokinetic universal ~%'T

>

joint. N

As a conventional universal joint of this type, the one
shown in Fig. 8 is known which comprises an outer ring 1
formed in its internal surface with three cylindrical track
grooves 2 extending axially, a tripod member 3 mounted in
the outer ring 1 and provided with trunnions 4 radially
extending, and spherical rollers 5 rotatably and axially
slidably mounted on the trunnions 4. Each spherical roller
5 is adapted to engage guide surfaces 6 formed on both sides
of the track groove 2.

On a homokinetic universal joint of this type, when
transmitting the rotation with the outer ring 1 forming a
working angle with respect to the tripod member 3, each
spherical roller 5 plunges obliquely with respect to the
guide surface 6 on the cylindrical track groove 2 as shown
in Figs. 8 and 9, so that a normal rolling movement of the
spherical roller 5 is hindered.

Namely, although each spherical roller 5 tends to roll
in the direction shown by arrow (a) in Fig. 8, it is forced

to move along each track groove 2 which is cylindrical and




parallel with the axis of the outer ring 1. As a result,
slip can occur between the guide surfaces 6 on the track
grooves 2 and the spherical rollers 5, (21) causing heat
buildup and an axial thrust which invites vibrations.

Fig. 10 is a graph showing the relationship between
the phase angle of joint and the induced thrust.

The mechanism of the induced thrust being produced
will be described below with reference to Fig. 7. Fig. 7
shows how the members of either a conventional joint as
shown in Fig. 8 or a joint in accordance with the present
invention as shown in Figs. 1-6 are positioned when
transmitting the rotation with the outer ring 1 (10)
forming a working angle with respect to the tripod member 3
(15).

The reference numerals used in Fig. 7 are those of
a conventional joint as shown in Fig. 8. Reference
numerals of the corresponding parts of the present
invention are given hereinbelow in parentheses.

When the joint rotates, the spherical rollers 5
(21) mounted on the trunnions 4 (20) of the tripod member 3
(15) reciprocate in the axial direction of the outer ring 1
(10) along the guide surfaces 6 (13) of the outer ring 1
(10). As shown in Fig. 7, three spherical rollers 5 (21)
make a slidal movement from point P to P’, Q to Q' and R to

R’, respectively, and then move back to the original
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position, making one round trip on each guide surface 6

(13) per rotation of the joint. The contact force acting

between the guide surfaces 6 (13) and the spherical rollers

5 (21) induces an axial thrust.

The direction and intensity of the thrust produced
by each spherical roller 5 (21) vary with the phase of

rotation. As shown in Fig. 7, two of three spherical

rollers 5 (21) are pulled to the lefthand side of the outer

ring 1 (10) and the other one

- 2A - 70756/87
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is pulled to its righthand side, so that a compressive
thrust is induced.

As shown in Fig. 10, the sum of the thrusts produced by
three spherical rollers 5 changes periodically from positive
to negative and vice versa three times per rotation of the

e O Condenionc, "_30.\1\\:
joint. The amplitude)is so large as to cause yariops‘

W cou\se,nh\or\o,\r\\a \n\t,
problems about vibrations on vehicles. Further,Asince the
area where the spherical roller 5 contacts the guide surface
6 has the same one curvature, an edge load is liable to
build up on the guide surface 6 with the movement of the
spherical rollers 5 on the trunnions 4. Also, an increase
in the induced thrust resulting from unbalanced load and the
breakage at the shoulders of the guide surfaces 6 shorten

Conventiona)
the life of the)joint.

An object of the present invention is to provide a
tripod type homokinetic universal joint which obviates the
abovesaid shortcomings, and which reduces the induced
thrust, thus eliminating the problems relating to vib-
rations.

In accordance with the present invention, there is
provided a universal joint in which the roller guide
surfaces formed on both sides of each track groove formed in
the outer ring are adapted to be in contact with the

spherical roller at two points.

In the homokinetic universal joint of the present
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invention, power transmission is carried out through the
engagement between the guide surfaces and the spherical
rollers as in the conventional homokinetic universal joint.
The spherical rollers roll along the roller guide surfaces
for smooth plunging.

When transmitting the rotation with the axis of the
outer ring aligned with the axis of the tripod member (that
is, when the working arngle is zero degree), since the point
of intersection of the axes of the trunnions is on the axis
of the outer ring, the spherical rollers roll, keeping
contact with the roller guide surfaces at two points.

Even when the rotation is transmitted taking a working
angle, each spherical roller is always in contact with the
roller guide surfaces at two points adjacent to the center
of the roller guide surface, though the intensity of the
contact force varies with the phase of rotation. This
assures a stable operation of the joint.

The results of analysis taking into consideration the
internal friction force show that the intensity of the
induced thrust on the homokinetic universal joint of the
present invention is lower than that on the conventional
ones by about 20 per cent (Fig. 10).

on the other hand, according to laboratory experiments,
it is found out that the induced thrust is by 30 - 40 per

cent lower than that of the conventional joint partly
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because each roller guide surface is in such a shape that
the spherical roller contacts it at two points and partly
because an o0il sump formed thereby improves lubricity.

The homokinetic universal joint in accordance with the
present invenéion has the following effects:

(a) Since each spherical roller makes contact with the
guide surface at two points adjacent to the center of the
guide surface, this decreases the unbalanced load and the
turning moment which acts on the spherical roller around an
axis perpendicular to the axis of the trunnion. This
decreases the friction force which causes vibrations.

(b) Since the spherical roller makes contact with the
guide surface at two points adjacent to the center of the
guide surface, the area of contact stress occurring at the
side edges of the spherical roller does not run over the
roller guide surface.

(c) Since an oil sump is formed at the central portion
of the roller guide surface, a lubricant is always supplied
to between the roller guide surface and the spherical
roller, thus preventing not only fretting corrosion but
abnormal friction and heat buildup.

(d) Since the roller guide surfaces and the o0il sump
can be easily formed by ironing, no specific machining is
necessary as in the conventional joint.

Other objects and features of the present invention
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will become apparent from the following description taken
with reference to the accompanying drawings, in which:

Fig. 1 is a vertical sectional side view of an
embodiment of a homokinetic universal joint in accordance
with the present invention;

Fig. 2 is a vertical sectional front view of the

same;
Fig. 3 is an enlarged view of a portion of the
sane;
o e Figs. 4, 5 and 6 are enlarged views of the same
0 e
;::: portion of other embodiments;
o o
;::D Fig. 7 is a diagrammatic view showing how the joint
ZOJZZ of the present invention and a conventional joint function;
0o0a
o%e Fig. 8 is a vertical sectional side view of a

; conventional homokinetic joint;

Fig. 9 is a perspective view showing how the
spherical roller rolls on the joint of Fig. 8;

Fig. 10 is a graph showing the relationship between
the phase angle and the induced thrust formed on each
trunnion for the conventional joint and for the joint of
the present invention and

Fig. 11 is an enlarged portion of yet another

embodiment of the present inventions.
Now referring to Figs. 1 through 4, an outer ring

10 is integrally provided with a first shaft 11 at its

-6 - 70756/87
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closed end and formed with three axial track grooves 12 in
its internal surface arranged at equal angular intervals of
120 degrees, as in the conventional joint. Each track

groove 12 has at each side a roller guide surface 13 having

two centers of

- 6A - 70756/87
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curvature, thus taking the form of a gothic arch, with an
axially extending oil sump 14 formed at its central portion.
The radii of curvature corresponding to the centers of
curvature may be different from each other or equal to each
other.

A tripod member 15 mounted in the outer ring 10 engages
a serration 17 formed on one end of a second shaft 16 and is
held between a stepped portion 18 and a clip 19 so as not to
slip off. The tripod member 15 is provided with three
radially extending trunnions 20 on each of which a spherical
roller 21 is rotatably mounted through a plurality of needle
rollers 8.

In the first embodiment of the present invention shown
in Fig. 3, the contact points Pl and P2 between the
spherical roller 21 and the roller guide surface 13 are
positioned at the central portion of the guide surface 13 so
that & = 10° - 20° (The contact angle 6 is an angle formed
between the center line of the spherical roller and a line
connecting one of the contact points with the center of the
spherical roller.) and each spherical roller will not
contact the central portion and side edges of each guide
surface 13. ©So, side edges of the spherical rollers 21 do
not contact the roller guide surface 13 and the area of
contact stress occurring at the side edges does not run over

the roller guide surface 13. Thus, there is no fear of

aczzans I
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unbalanced load on the spherical roller 21 causing the
needle rollers 8 to skew, increasing the frictional
resistance.

Further, since the contact points Pl and P2 are
positioned at points adjacent to the central portion of the

guide surface 13, the turning moment is decreased which acts

on the spherical roller 21 around its axis X - X, resulting
from the friction force in a direction perpendicular to the

plane of Fig. 3 caused by the load acting on the contact

points Pl and P2. The movement of each trunnion 20 in the

direction of line Y - Y with respect to the spherical roller

21 (due to the fact that the unbalanced loads act on Pl and

P2) is smoothened, decreasing an induced thrust.

The ratio
of the diameter of the roller guide surface 13 to that of

the spherical roller 21 should preferably be 1.10 to 1.40.
Fig. 4 shows the second embodiment of the present

invention in which a roller guide surface 22 is formed with

two planes. An oil sump 23 is formed between the area

adjacent to the points where the two planes intersect and

the spherical roller 21.

Fig. 5 shows the third embodiment of the present
invention in which each roller 25 rolling on the cylindrical

guide surface 24 is spherical at both end po;tions 26 and

[1S)
cylindrical at its central portion 27, and afeAin contact

with the guide surface 24 at two points. An oil sump 28 is
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formed between the guide surface 24 and the roller 25.

Fig. 6 shows the fourth embodiment of the present
invention in which each roller guide surface 29 is formed
with two planes, and the points of contact Pl and P2 with
the spherical roller 21 are arranged unsymmetrically with
respect to the center line X-X of the spherical roller 21.

Fig. 11 shows the fifth embodiment of the present
invention in which each roller guide surface 30 has two
centers of curvature Cl, C2 and the radii of curvature R1,
R2 for the centers of curvature Cl, C2 are different from
each other.

In the first embodiment of Fig. 3, the contact
angles formed between the roller guide surface and the
spherical roller at two points are equal to each other,
whereas in the fourth embodiment of Fig. 6 the contact

angles are different from each other.

-9 - 70756/87
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

L. A slidable-type homokinetic tripod joint
comprising:

an outer member formed in its inner surface with
three track grooves extending axially and equally angularly
spaced about its axis, each of said track grooves being
formed at each side thereof with a roller guide surxface
extending in the direction of axis of said outer member;

a tripod member having three trunnions projecting
radially and equally angularly spaced around its axis, said
tripod member being mounted in said outer member with said
trunnions on said tripod member received in said respective
track grooves in said outer niember,

a spherical roller rotatably mounted on said each
trunnion and having outer periphery thereof guided by said
roller guide surfaces,

one of each said outer periphery of said roller and
its respective guide surface being formed such that each
said spherical roller is in contact with said roller guide
surface at only two points during rotation of the joint.

2. A slidable-type homokinetic tripod joint as claimed
in c¢laim 1, wherein said roller guide surface has two

centers of curvature.

- 10 - 70756/87
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3. A slidable-type homokinetic tripod joint as claimed
in claim 2, wherein contact angles formed between said
spherical roller and roller guide surface at said two
points are different from each other and the radii of
curvature for said centers of curvature are different from
each other.
4. A slidable-type homokinetic tripod joint as claimed
in claim 2, wherein contact angles formed between said
spherical roller and said roller guide surface at said two
points are equal to each other and the radii of curvature
for said centres of curvature are equal to each other.
5. A slidable-type homokinetic tripod joint as claimed
in claim 1, wherein said roller guide surface is formed
with two planes.
6. A slidable-type homokinetic tripod joint as claimed
in claim 5, wherein contact angles formed between said
spherical roller and said roller guide surface at said two
points are different from each other.
7. A slidable-type homokinetic tripod joint as claimed
in claim 5, wherein contact angles formed between said
spherical roller and said roller guide surface at said two
points are equal to each other.

DATED this 6th day of March, 1990.

NTN TOYO BEARING CO., LTD.

By Its Patent Attorneys

GRIFFITH HACK & CO.

Fellows Institute of Patent
Attorneys of Australia.
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