Office de la Propriete
Intellectuelle
du Canada

Un organisme
d'Industrie Canada

Canadian

Intellectual Property
Office

CA 2689860 C 2015/04/07

(11)(21) 2 689 860

ﬁ;l:j Sgﬁgyaﬁ;da 12) BREVET CANADIEN
CANADIAN PATENT
(13) C

(86) Date de depot PCT/PCT Filing Date: 2008/06/06

(87) Date publication PCT/PCT Publication Date: 2008/12/11
(45) Date de delivrance/lssue Date: 2015/04/07

(85) Entree phase nationale/National Entry: 2009/12/01

(86) N° demande PCT/PCT Application No.: AT 2008/000198
(87) N° publication PCT/PCT Publication No.: 2008/148142
(30) Priorité/Priority: 200//06/06 (AT GM 359/2007)

(51) Cl.Int./Int.Cl. HO2K /173 (2006.01),
HO2K 7/00 (2006.01)

(72) Inventeurs/Inventors:
ASCHABER, MICHAEL, AT;
POXHOFER, MARKUS, AT;
LEIMINGER, ANTON, AT

(73) Propriéetaire/Owner:
STEYR MOTORS GMBH, AT

(74) Agent: NORTON ROSE FULBRIGHT CANADA
LLP/S.E.N.C.R.L., S.R.L.

(54) Titre : GROUPE ELECTROGENE COMPOSE D'UN MOTEUR A COMBUSTION INTERNE ET D'UN GENERATEUR
(54) Title: GENERATING UNIT COMPRISING A COMBUSTION ENGINE AND A GENERATOR

11

(57) Abrege/Abstract:

1 24 23 22 21 220 37
eSS 0
7SN 3

s e
S

N e 25
"#%W | /7;; -40-" /
/Al

e

e

14

4"?
7 “
, LN 43
P,
S
R =5
o ) ‘N%% S AN > " T —
2 ~ Q s:s N : R \‘gt‘
R '- —— 28
N \:‘P\\ ﬁ'\.\:}:
R NN
= ~ - S 4
N Ny bt ~Hb
% > A ) i = 45
$} } :J -
c/ T 2
o= o6
[ 4 F g}’
L l "
Ay s |7 27
NP | E -
< . ,;::;f' ,:/" fjﬁ —4 —
et A" ;] “ — —_——"
G 71 SN 41
J.r - 'J 2 N E
. 7 /] \\;3‘\1\\&;:\‘\\ 2
a’ “l..
'/'fj ',f' .,,‘Jf’l/ / /,“ .'" \:1
N 7 g 32
// :" / t hy \"ﬁ' ‘\;‘ \::\
7 R
e—— 36
A = \
/‘ " \"\
4 "~ I
2

A power generation unit consists of an Internal combustion engine (1) and a generator (2), the former comprising a crankshaft (8)
recelved In a crankcase (5) and the generator comprising a generator housing (20) connected to the crankcase (5), a stator (36)
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(57) Abrege(suite)/Abstract(continued):

and a rotor (30) that Is connected so as to rotate with the crankshaft (8). The aim of the invention is to provide a power generation
unit that requires little space and that allows a precise guidance of a rotor designed for the overall unit power. A concentric shaft
Jjournal (11) Is non-rotationally connected at the one end to the crankshaft (8) and at the other end to the rotor (30). The generator

housing (20), on its side facing the internal combustion engine (1), has a front plate (21) that accommodates a bearing (23) for the
shaft journal (11). The rotor (30) Is otherwise mounted in a floating manner.
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(57) Abstract: A power generation unit consists of an internal combustion engine (1) and a generator (2), the former comprising
g a crankshaft (8) received in a crankcase (5) and the generator comprising a generator housing (20) connected to the crankcase (5),

v 2 StAtor (36) and a rotor (30) that is connected so as to rotate with the crankshaft (8). The aim of the invention is to provide a
G power generation unit that requires little space and that allows a precise guidance of a rotor designed for the overall unit power. A
I concentric shaft journal (11) is non-rotationally connected at the one end to the crankshaft (8) and at the other end to the rotor (30).
: The generator housing (20), on its side facing the internal combustion engine (1), has a front plate (21) that accommodates a bearing
QO (23) for the shaft journal (11). The rotor (30) is otherwise mounted in a floating manner.

—

g (57) Zusammenfassung: Eine Stromerzeugungseinheit besteht aus einer Verbrennungskraftmaschine (1) und einem Generator (2),

wobei erstere eine in einem Motorgehduse (5) gelagerte Kurbelwelle (8) und der Generator ein mit dem Motorgehduse (5) verbun-
o denes Generatorgehduse (20), einen Stator (36) und einen mit der Kurbelwelle (8) drehfest verbundenen Rotor (30) aufweist.

a [ Fortsetzung auf der néichsten Seite]
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Um bei geringem Raumbedart die prédzise Fiihrung eines fiir die gesamte Motorleistung ausgelegten Rotors zu erreichen : ist ein
konzentrischer Wellenstummel (11) einenendes mit der Kurbelwelle(8) und anderenendes mit dem Rotor (30) fest verbunden; weist
das Generatorgehduse (20) an seiner der Verbrennungskraftmaschine (1) zugewandten Seite eine Stirnplatte (21) auf, die ein Lager
(23) fiir den Wellenstummel (11) aufnimmt; und ist der Rotor (30) im iibrigen fliegend angeordnet.
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GENERATING UNIT COMPRISING A COMBUSTION
ENGINE AND A GENERATOR

Subject of the 1nvention

The invention pertains to a generating unit comprising a combustion engine and
10 a generator, the combustion engine having a crankshaft journalled in a crankcase
and the generator comprising a generator casing joined to the crankcase, a stator
and a rotor coupled to the crankshaft. The generator unit can be a stationary
standby unit or a drive unit for a vehicle with electric motors, in particular
wheel-mounted motors, supplied by the generator.
15
In such units, the whole power of the combustion engine is converted into
electric power. Accordingly, the dimensions of the generator and the mass of its
rotor are substantial. The first increases the weight and bulk of the whole unit,
the second makes the unit prone to dynamic interaction between the rotor and
20 the crankshaft. Such units usually employ combustion engines of high power
and high specific power. Therefore and in order to allow for the small magnetic

gap required for high efficiency of the generator additional support is required.

State of the art
25

A generic generating unit is known from the Patent DE 44 04 791 C1. The
generator of that unit comprises a cup-shaped rotor and stator windings located

inside. The rotor has a central hub, which hub is not rigidly joined to the crank-

DOCSMTL: 3679368\1
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shaft, but journalled in the generator casing on the far side of the combustion
engine and centered with regard to the crankshaft by means of a pin. For the
driving connection between the rotor and the crankshaft, a disk is provided, the
disk being stiff in a circumferential direction and flexible for longitudinal and
angular displacements. The capability of the disk to decouple vibrations is very
limited, and further reduced by the centering pin. This pin, however, seems
necessary because of the length of the tolerance chain from the crankshaft to the
bearing on the far side of the crankshaft through both casings. The pin is a

critical element because its strength and precision determine the width of the

magnetic gap.

The publication WO 2006/121045 A1 discloses a unit, wherein only part of the
engine power 1s branched of to the generator. Between the end of the crankshaft
and an exit shaft, there is a stub shaft carrying the rotor of the generator. The
rotational coupling is established by splines and the rotor is journalled in the
generator casing on the far side from the combustion engine. This design is
marred by the above mentioned tolerance — problem. Over and above it is not

suitable for a unit without the journalled exit shaft.

Problem - Solution

It 1s the object of the invention to provide a generating unit that, with a
minimum of bulk, allows a precise guidance of a rotor dimensioned for the

entire power of the combustion engine and does not add any load to the
crankshaft. On top of that, the generator must be easy to join to a cumbustion

engine as 1s used for conventional mechanical drive trains.

DOCSMTL: 3679368\1
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According to the invention, this is achieved in that a concentric stub shaft is
rigidly connected to the crankshaft with its one end and to the rotor with its
other end, in that the generator casing has a front plate on the side near the
combustion engine, the front plate comprising a bearing for the stub shaft, the

stub shaft thereby being journalled between its two ends, and in that the rotor is

overhung.

The stub shaft constitutes a stiff extension of the crankshaft and, further
supported by the bearing in the front plate, it stiffens the crankshaft against
flexural vibrations. The bearing in the front plate thus adds to the stiffness of the
crankshaft. Because of the situation of the front plate on the engine side of the
generator casing the tolerance chain and the duct for lubrication are short. Along
with stiffening the crankshaft, the bearing is the sole bearing of the rotor, the
rotor being rigidly connected to the crankshaft by means of the sub shaft. This
creates a structure sufficiently stiff even for a rotor of considerable mass and it
avoids the need for a second bearing on the side of the rotor remote from the
combustion engine. This makes for a very short rotor that is easily assembled

and accessible and from the side remote from the combustion engine.

In a preterred embodiment, the front plate has a centering flange for fitting the
generator casing to the coupling bell of the engine casing. This results in very
short lines of force and a very short tolerance chain. The bearing in the front
plate preferably is a cylindrical roller bearing and its distance from the end of
the stub shaft on the side of the rotor is smaller than its distance from the end on
the side of the crankshaft. The roller bearing has a high load carrying capacity
and allows for axial displacement of the stub shaft due to thermal expansion. Its

larger distance from the crankshaft increases the stiffening effect of the stub

DOCSMTL: 3679368\1
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shaft on the crankshaft and allows for a minimum of overhang (hangover ?) of

the overhung rotor.

In a preferred embodiment, the rotor consists of a hollow cylinder and a centric
disk, the disk being located on the side of the hollow cylinder adjacent the front
plate, and the space within the hollow cylinder is open to the side afar from the

front plate. Such a cup-shaped rotor has a particularly large magnetically active

‘surface and its gravity center is near the the bearing in the front plate. A further

advantage 1s the free space inside the cup which is easily accessible from the

side remote from the combustion engine.

In a development of the invention, advantage is taken of this (free space) by
using it for housing electric/eletronic components. These can even be the stator
windings. If these are outside the rotor, the space can be used for receiving an
electronic control and/or the power electronic unit. In this way, the latter is
easily accessible and does not add to the bulk. The power electronic unit can be
fitted to the inner side of a lid closing the generator casing on this far side.
Because ot the high electric power, a liquid cooling is advisable. A cooling
fluid can be adducted to and returned from the lid via pipe sockets with a

minimum of expenditure.
Figures

The sole Figure 1 shows a longitudinal section through a unit according to the

invention, only part of the combustion engine being visible.

DOCSMTL: 3679368\1
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Detailed description

The unit consists of a combustion engine, generally referenced as 1, and a
generator 2. Of the first (1), part of the crankcase 5 and the crankshatft 5 are
visible. The crankcase 5 widens into a coupling bell 6 ending in a gearbox flange
to which a gearbox is fitted in conventional systems. The crankshaft 1s
supported by a number of bearings and end in an end piece 10 outside the

outermost bearing 9. In conventional units, a clutch would be fitted to the end

piece 10.

In the disposition according to the invention, a stub shaft 11 is fitted to the end
piece 10 for driving a generator 2. It has a centering offset 12 and its one end 1s
rigidly connected to the crankshaft by means of screw bolts 13. In the
embodiment shown, a disk 14 with a gear ring 15 for cooperating with the

pignon of a starter is fixed by the same screw bolts.

The casing 20 of the generator 2 has, on its side facing the combustion engine, a
front plate 21, the outer rim of which forms a centering flange 22 screwed to the
coupling bell 6. The front plate 21 has at its inner rim an antifriction bearing 23

with cylindrical rollers for journalling the stub shaft 11. On its side of the
engine, there is a sealing ring, on the side of the generator, there is a bearing lid
with a sealing ring. This roller bearing 23 constitutes, together with the
outermost bearing 9 of the crankshaft, the support of the rotor 30, wherefore 1t 1s

located at the widest possible distance from the bearing 9. Over and above, the

roller bearing 23 stiffens the crankshatft 8.

At its other end, the far end from the crankshaft, the stub shaft 11 has a centering

face 26, to which a centering flange 27 is rigidly secured by means of screw
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bolts 28. The rotor 30 of the generator here consists of a concave disk 31 and a
hollow cylinder 32. The inner rim of the disk 31 is secured to the centering
flange 27 by means of screw bolts 33. The hollow cylinder 1s, for example,

mounted with permanent magnets (not shown). The rotor 1s an overhung cup-

shaped rotor.

If, as shown, the stator windings 36 are mounted in the generator housing 20 on
the outer side of the rotor, a free space remains inside the rotor 30, this free
space being enclosed between the concave disk 21 on one side and the rear wall
4] of the generator casing 20. This free space 1s wide enough to accomodate the
power electronics 42. In this way 1t 1s easily acessible and housed without
adding to the bulk. The electric lines between 1t (42) and the stator windings 36
are not shown; only the plugs sockets 43 for supplying the electric current to the
users are 1ndicated. Further, pipe sockets 44,45 for adduction and return of a
liquid cooling medium are shown. This allows a higher density of power and
therewith a reduced bulk of the generator. This makes the design according to
the invention suitable for units of high power for driving even very big and

heavy vehicles.

DOCSMTL: 3679368\1
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Claims

1. A power generating unit comprising an internal combustion engine and a
generator, the internal combustion engine having a crankshaft journalled in a
bearing in a crankcase, the generator comprising a generator casing joined to the
crankcase, a stator and an overhung rotor coupled to the crankshaft, a concentric

stub shaft having one end rigidly connected to the crankshaft and another end

connected to the rotor, wherein the generator casing has a front plate on a side

near the internal combustion engine which houses a further bearing for

journalling the stub shaft, whereby the stub shaft is journalled between its ends.

2. A power generating unit according to claim 1, wherein the front plate on
the side of the rotor near the internal combustion engine has a centering tlange

for joining a generator housing to a coupling bell of the crankcase.

3. A power generating unit according to claim 1, wherein the bearing for the
stub shaft is a roller bearing, whose distance from the other end of the stub shaft

on the side of the rotor is smaller than the distance from the one end on the side

of the crankshaft.

4. A power generating unit according to claim 1, wherein the rotor 1s cup-
shaped comprising a hollow cylinder and a centric disk, the disk 1s located on a
side of the hollow cylinder near the front plate on the side of the rotor near the

internal combustion engine, and a space inside the hollow cylinder is open to a

side remote from the front plate.
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