Innovation, Sciences et
Développement économique Canada

Office de la Propriété Intellectuelle du Canada

i+l

Innovation, Science and
Economic Development Canada

Canadian Intellectual Property Office

CA 2898794 C 2020/07/14

neEn 2 898 794

12 BREVET CANADIEN
CANADIAN PATENT
13 C

(86) Date de dépot PCT/PCT Filing Date: 2014/01/16

(87) Date publication PCT/PCT Publication Date: 2014/07/24
(45) Date de délivrance/lssue Date: 2020/07/14

(85) Entrée phase nationale/National Entry: 2015/07/21

(86) N° demande PCT/PCT Application No.: EP 2014/050790
(87) N° publication PCT/PCT Publication No.: 2014/111459
(30) Priorité/Priority: 2013/01/21 (US13/746,032)

(51) ClLInt./Int.Cl. B23K 20/12 (2006.01),
B23K 33/00 (2006.01), F16D 1/068 (2006.01)

(72) Inventeurs/Inventors:
DIETRICH, ALEXANDER, AT;
KEATON, STEVE, US;
KLAMPFL, HEINZ KARL, AT,
PHILLIPS, AARON, US

(73) Propriétaire/Owner:
MAGNA POWERTRAIN AG & CO KG, AT

(74) Agent: DICKINSON WRIGHT LLP

(54) Titre : CONCEPTION DE ZONE D'ASSEMBLAGE PRESENTANT UN ARBRE ET UN MOYEU OU UNE TRANSMISSION SOUDES

PAR FRICTION

(54) Title: JOINT-SITE DESIGN COMPRISING A HUB AND A SHAFT OR A GEAR BEING FRICTION WELDED

[N

(57) Abrégé/Abstract:

The present invention relates to a joint site design having a shaft (2) and a hub (1), for friction welding of the shaft (2) of a hard
material with the hub (1) consisting of softer material, wherein the shaft (2) has a tubular shape with an end face (5) being joined to
the hub having a connection area (4) with a flat shape formed by a radial shoulder (8) of the hub (1).

50 rue Victoria

¢ Place du Portage 1 ® Gatineau, (Québec) KI1AOC9 e www.opic.ic.gc.ca
50 Victoria Street e Place du Portage 1 ® Gatineau, Quebec

vl

Canada

K1A 0C9 e www.cipo.ic.gc.ca



wo 2014/111459 A1 I} 1] A0 00O OO A

(43) International Publication Date

CA 02898794 2015-07-21

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

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

=

\

(10) International Publication Number

WO 2014/111459 A1

24 July 2014 (24.07.2014) WIPOIPCT
(51) International Patent Classification: (74) Agent: RAUSCH, Gabriele; c¢/o MAGNA International
B23K 20/12 (2006.01) F16D 1/068 (2006.01) Europe AG, Liebenauer Hauptstrae 317 -VG Nord, A-
B23K 33/00 (2006.01) 8041 Graz (AT).
(21) International Application Number: (81) Designated States (uniess otherwise indicated, for every
PCT/EP2014/050790 kind of national protection available). AE, AG, AL, AM,
. - AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(22) International Filing Date: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
16 January 2014 (16.01.2014) DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(25) Filing Language: English HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
(26) Publication Language: English MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
(30) Priority Data: OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
13/746,032 21 January 2013 (21.01.2013) Us SC, SD, SE, 8G, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
(71) Applicant: MAGNA POWERTRAIN AG & CO KG ZW.
[AT/AT]; Industriestrasse 35, A-8502 Lannach (AT).
(84) Designated States (uniess otherwise indicated, for every
(72) Inventors: DIETRICH, Alexander; Sulztal 6, A-8461 kind of regional protection available): ARIPO (BW, GH,

Ehrenhausen (AT). KEATON, Steve; 203 Keller Drive,
Greenfield, Indiana 46140 (US). KLAMPFL, Heinz Karl,
Peter Leitner Siedlung 11A, A-8572 Bérnbach (AT).
PHILLIPS, Aaron; 700 S. Pinchurst Ln., Yorktown, Indi-
ana 47396 (US).

GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SL, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

[Continued on next page]

(54) Title: JOINT-SITE DESIGN COMPRISING A HUB AND A SHAFT OR A GEAR BEING FRICTION WELDED

(57) Abstract: The present invention relates to a joint site
design having a shaft (2) and a hub (1), for friction welding
of the shaft (2) of a hard material with the hub (1) consisting
of softer material, wherein the shaft (2) has a tubular shape
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JOINT-SITE DESIGN COMPRISING A HUB AND A SHAFT OR A GEAR BEING FRICTION WELDED

The invention relates to a joint site design for friction welding of a shaft of

a hard material with a hub consisting of softer material.

State of the art

In vehicle construction, composite workpieces which are composed of a
shaft and an essentially rotationally symmetrical hub part are used in
numerous applications. Examples of hubs are transmission and clutch
parts or also disk-shaped blanks which are still to be mechanically pro-
cessed.

It is known to join a shaft and hub part in a connection region by friction
welding. In this case, an end face of the shaft is joined to an end face of
the hub part in a conventional manner. Alternatively, the shaft and hub
part can be joined by means of overlap friction welding; this involves a
variant of pressure welding in which, in contrast to conventional end-face
friction welding, the surfaces to be joined are arranged at the circumfer-
ence of the components. In this case, for example, a shaft is welded to a
hub part with overlap by one of the two components being set in rotation
and being pressed onto the other stationary counterpart. The welding
process starts at the contact surfaces of the components. After the plasti-
cization of the material located there by the friction heat, a permanent
joint is obtained after the end of the rotary movement.

Shown in DE 199 34 855 C1 is a friction-welded shaft/disk composite

workpiece which is assembled from a disk having a through-hole and from
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a shaft by means of overlap friction welding. During the welding of shaft
and disk, annular connection sections are produced, between which an-
nular cavities are formed. A reduction in the weight of the entire part is

achieved by the joint sites offset from one another radially and axially, it

being possible for the cavities to be used, for example, for directing oil.

In the state of the art shafts and hubs for a composite clutch are connect-
ed by a intermeshing toothing between the components to achieve a fric-
tional or positive fitting connection. The use of the clutches is mainly in

transfer cases and automatic transmission applications.

Known applications have a so called “tube to tube” joint design. This
means that friction welding takes place between two end faces which have
a pipe shape. In comparison to the pipe shaped end face of the softer part
the harder part has a larger or equal pipe outside diameter and a smaller
or equal pipe inside diameter. With other words the harder part has an
equal or larger end face than the soft part. This guarantees that the end
face of the softer part will always fully touch the end face of the harder
part. The harder side keeps being pipe shaped in the joining location, but
the softer part has a flat surface in the joining location. This means that
the softer part has the larger joining surface (“end face”). This has major
advantages in terms of packaging and cost. The end face of the harder
part is designed in a way that it is guaranteed that the typical material

squeezing out can take place in order to create an atomic bond.

The object of the invention is to specify a novel design of the joint site for a
shaft-hub composite workpiece for a clutch, with which design the me-

chanical strength properties of the joint are increased.
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The object is to find a joint design for friction welding of a harder material
(higher melting point) with a softer material (lower melting point) with the
challenge of having a simple and cheap part preparation and with the

target of meeting lowest package specifications.

According to the invention the joint design for friction welding of a harder
with a significant softer material comprises a tubular shape on the harder
and a flat shape on the softer side. This means the joint design is adapted
to weld a material with a higher melting temperature with a material with
significant lower melting temperature, where the side with higher melting
temperature has a tubular shape and the side with lower melting
temperature has a flat shape.

According to the invention, the joint-site structure of a shaft-hub
composite work piece, in particular for joining a shaft to a connection area
of a hub part of a clutch by means of friction welding, is designed in such
a way that connection area of a hub part is located a defined distance
apart the inner circumference of the hub part and the spread of the
material softened during the friction welding is not flowing up to the edge

of the hub part component.

The advantage is a reduction in manufacturing costs for the softer part. The
variation of the friction welding shortening decreases significantly. The
inventional solution reduces package space compared to state of the art
friction welding joints. The invention allows the usage of low weighted

materials for clutches replacing actual common designs.

CA 2898794 2020-01-24
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To reduce weight of a vehicle all part has to be as light as constructional
possible and the inventional solution opens a way to design a clutch with

low weight material.

The projection or protrusion on account of the forced-out material at the
joint site is preferably machined after the friction welding in order to ob-

tain a rounded portion.

In an advantageous configuration of the invention, a plurality of joint sites
axially offset from one another are provided between shaft and hub part.
In this case, it is advantageous for the self-centering and relative axial
orientation of the joining members during the friction welding to offset the
joint sites of the joining members axially and radially relative to one an-
other in such a way that the joint sites of the joining members on the
composite workpiece, after the welding, are arranged at an angle of be-
tween 10[deg.] to 20[deg.|, preferably 15[deg.], to one another. The compo-

site workpiece produced is then cylindrically symmetric.

This end-face friction welding of the shaft to the hub part avoids conical
distortion of the hub part occurring due to asymmetrical shrinkage of the
hub part after the friction welding. The method according to the invention
is not associated with any conical distortion of the joining members at all;
the original cylindrical symmetry of the two joining members is thus re-

tained in the composite workpiece with high accuracy.

The shaft and hub part may be made of different materials. In particular,
a hardened shaft may be used, and/or the hub part may be finish-

machined (hardened, ground, etc.).
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Drawings

The invention is described below with reference to an exemplary embodi-
ment shown in the schematic drawings. The drawings, the description and
the claims contain numerous features in combination. The person skilled
in the art will also expediently consider the features individually and form

appropriate further combinations therefrom.

FIG. 1 illustrates a shaft and a hub part of a clutch configured to be friction
welded along a connection area to define a joint site in accordance with an

embodiment of the present invention,;
FIGS. 2a, 2b, 2¢c and 2d show alternative configurations for the joint site;

FIG. 3 illustrates a shaft and a hub part of a clutch configured to be friction
welded along a connection area to define a joint site in accordance with an

alternative embodiment of the present invention;

FIG. 4 is an enlarged partial view of FIG. 3 showing the connection area in

greater detail;

FIG. 5 illustrates another alternative embodiment of a shaft and a hub part
of a clutch including a second hub/housing part and configured to define

two distinct joint sites;

FIG. 6 is an enlarged partial view of FIG. 5 showing the two joint sites in

greater detail; and

CA 2898794 2020-01-24
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FIG. 7 illustrates a gear and hub part configured to be friction welded along
a connection area to define a joint site in accordance with yet another

alternative embodiment of the present invention.

Description

According to FIG. 1, a shaft 2, e.g. an input shaft of a clutch, is joined to a
hub part 1 of a clutch having a connection area 4.

The connection area 4 is formed at the surface of a radial shoulder 8 of the
hub that forms a rim with a 90° angle between hub and shoulder. The radial
shoulder must have a dimension that allows the shaft to contact the end
faces 5 to a flat area.

At the shaft the joining area 3 is finally in contact with connection area 4.
The end face 5 of the shaft 2 is shown in details in figures 2a, 2b, 2c and
2d. The end face as shown in 2a is a flat end face. The position of the end
face in relation to the hub 1 and the inner opening circumference 6 is shown
in this figure. The shaft end face 5 is placed a distance d1 away from inner

circumference 6.
The shaft material will be steel and the hub will be made of aluminium or

another low weight metal or alloy.

Due to the friction welding, the heated, soft material escapes from the join-

ing area 3 and forms a projection 7 of material around the shaft’s end

SA

CA 2898794 2020-01-24
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face 5. The joining area is allocated in a way to avoid that the melted ma-
terial flow to the edge of the hub. The distance d2 between the inner cir-
cumference 6 and the end position of the melted material is at least 1 mm
to maintain dimension and structure of the hub 1. So the joining area 3 is
allocated so that d1 > d2 is realized, wherein d2 is approximately between
1 to 5 mm.

A projection or protrusion 7 of the material of the joint site is obtained
after the friction welding, and this projection or protrusion 7 can be ma-
chined, for example, after the friction welding in order to obtain a rounded

portion 7.

The face end 5 of the shaft can be optimized or the welding process and
the joint. Alternative solutions are shown in the figures 2. Fig. 2a shows a
flat end face parallel to the flat area 4 of the hub and perpendicular to the
long axis of the shaft. Figure 2b and 2 d show inclined faces 5 that result
in asymmetric joints. The solution of figure 2¢ shows a curved or convex

end face of the shaft 2.

To produce a composite work piece of a shaft 2 for a clutch having a con-
nection area 4 of a hub part, first of all a one-piece hub unit-comprising
the hub part and the connection area-is produced. Then hub and shaft

are connected by friction welding.

Figure 3 shows a further embodiment of the invention. The shaft 2 — the
harder part - is a shaft of a clutch. The hub 1 — the softer part - is a clutch
hub. The connection area 4 is formed as a tubular end fitting formed in
the radial shoulder 8 of the hub 1. This tubular end fitting has an end

face which is normal to the axis of the hub 1, the shaft 2. The connection
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area 3 of the harder part - the shaft 2 — is arranged at a saucer-shaped
end piece and formed at its border area. The connection area is flat

shaped — normal to the axis of the shaft 2.

Figure 4 shows an enlarged view of the connection between the hub 1 and
the shaft 2 with the displaced material 7 - the protrusion — made by fric-

tion welding.

Figure 5 shows an embodiment of the invention with two friction welding
joints. A softer part — hub 1 - is connected with a harder part — a shaft 2.
This joining location is tubular shaped — the shaft 2 has a saucer-shaped

end piece and is connected with the radial shoulder of the hub 1.

A second hub or a housing 1a — a soft or a hard part — is connected with
the hub 1 in a further joining location 10 with flat shape — concentric to
the inner joining location 9 between the shaft 2 and the hub 1. Figure 6 is
an enlarged view of the two joining locations 9, 10 between the shaft 2 and
the hub 1 or between the hub 1 and the hub la. As shown the end face

design of the tubular side can differ from a flat design.

Figure 7 shows an embodiment of the invention — a connection between a
hub 1 and a gear 2. The end face design of the tubular side 3 can differ

from a flat design 4 of the hub.



10

CA 02898794 2015-07-21

WO 2014/111459

N o a0 kAW

8

References

Hub

Shaft or gear

Joining area with tubular shape
Joining area with flat shape
End face of shaft

Inner circumference

Protrusion

radial shoulder

d1,d2 distance

la Hub or housing

9 Joining Location

10 Joining Location

PCT/EP2014/050790



10

15

20

Claims

A joint site formed by friction welding of a shaft or a gear of a hard material with a
hub of a softer material to define a composite workpiece, wherein the shaft or the
gear has a tubular shape extending along a longitudinal axis to an end face being
joined to connection area of the hub, with the connection area having a flat face

formed by a radial shoulder of the hub extending perpendicular to the longitudinal

axis, such that the joint site extends radially along the flat face of the hub part.

The joint site according to Claim 1 wherein the radial shoulder extends radially to
an inner opening and the connection area of the hub is located at a defined

distance spaced radially outwardly from the inner opening of the hub.

The joint site according to Claim 2 wherein the defined distance is more than a

thickness of a protrusion formed by melted material.

The joint site according to Claim 3 wherein a remaining distance extends
between the protrusion formed by the melted material and the inner opening of

the hub.

The joint site according to Claim 4 wherein the defined distance is more than the

remaining distance.

CA 2898794 2018-08-02
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10.

11.

12.

The joint site according to Claim 1 wherein the end face of the shaft or gear is flat

and perpendicular to the longitudinal axis.

The joint site according to Claim 1 wherein the end face of the shaft or gear is

inclined to the shaft longitudinal axis.

The joint site according to Claim 1 wherein the end face of the shaft or gear is

convex shaped.

The joint site according to Claim 1 wherein joint sites of the shaft or gear and the

hub, after the welding, are arranged at an angle of between 10[deg.] to 20[deg.],

to one another.

The joint site according to Claim 9 wherein the joint sites are at an angle of

15[deg.] to one another.

The joint site according to Claim 1 wherein the hub and the shaft or gear are

parts of a clutch.

The joint site according to Claim 1 wherein the connection area is formed as a

tubular end fitting formed in the radial shoulder of the hub.

10

CA 2898794 2018-08-02
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13.

14.

15.

16.

A composite workpiece having a friction weld joint joining a shaft or gear of a
hard material with a hub part of a softer material, wherein the shaft or gear has a
tubular shape extending along a longitudinal axis to an end face joined to a
connection area of the hub part via the friction weld joint, the connection area of
the hub part having a flat face formed by a radial shoulder portion of the hub part
extending transversely toward the longitudinal axis, such that the friction weld

joint extends radially along the flat face of the hub part.

The composite workpiece according to Claim 13 wherein the radial shoulder
portion of the hub part extends radially inwardly to an inner opening, the
connection area of the hub part is spaced radially outwardly a predefined first

distance from the inner opening of the hub part.

The composite workpiece according to Claim 14 wherein the first distance is
more than a thickness dimension of a protrusion formed by melted and solidified

material of the friction weld joint.

The composite workpiece according to Claim 15 wherein a second distance is

defined between the protrusion and the inner opening of the hub part, and

wherein the first distance is greater than the second distance.

11

CA 2898794 2018-08-02
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17. The composite workpiece according to Claim 13 wherein the end face of the
shaft or gear is flat and configured to extend perpendicular to the longitudinal

axis of the shaft or gear.

18. The composite workpiece according to Claim 13 wherein the end face of the

shaft or gear is flat and configured to extend at an oblique incline relative to the

longitudinal axis of the shaft or gear.

19. The composite workpiece according to Claim 13 wherein the end face is convex

shaped.

12

CA 2898794 2018-08-02
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