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(57) Abrégée/Abstract:
A military vehicle power-driven wheel is provided. The wheel includes an axial-flow electric motor, a tubular hub having, at one end,

an Integral flange, arranged In driven connection with the motor and rotating about an axis where the motor comprises an output
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(57) Abrege(suite)/Abstract(continued):

member housed Inside the hub, and an epicyclic reducer, housed inside the hub, interposed functionally between the hub and the
output member. The motor Is housed partially inside the hub and closes a free open end of the hub opposite the flange, and Is
housed In a casing axially fixed with respect to the hub and connected to a frame of the vehicle by a suspension.
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Abstract

A military vehicle power-driven wheel 1s provided. The wheel

includes an axial-flow electric motor, a tubular hub having, at

one end, an lntegral flange, arranged in driven connection with

the motor and rotating about an axis where the motor comprises

an output member housed 1nside the hub, and an epicyclic reducer,

housed 1nside the hub, interposed functionally between the hub

and
hub
and

and

the output member. The motor 1s housed partially inside the

F

and closes a free open end of the hub opposite the flange,

1s housed 1n a casing axially fixed with respect to the hub

ey

connected to a frame of the vehicle by a suspension.




10

15

20

25

CA 02848265 2014-04-04

POWER-DRIVEN WHEEL FOR A MILITARY VEHICLE

The present invention relates to a power-driven
wheel for a military vehicle.

Power-driven wheels for civillian vehicles - as
described, for example, in Patent US-A-2005/0035676 -

are known which comprise a hub supporting a tyre, and an

axlial-flow electric motor connected functionally to the

hub.
More specifically, the axial-flow motor comprises

an annular stator having coils, through each of which an

alternating current flows; and an annular rotor

connected magnetically to the stator, and having an

output shaft connected mechanically, either difectly or

via a reducer, to the wheel hub.

The rotor has a  number of permanent magnets
arranged with alternate polarities facing the stator
coils. -

The permanent magnets generate magnetic flux
directed predominantly along an axis of the rotor, and®
1n turn gene‘rating an electromagnetic torgque on the

coils 1n known manner. The coils being angularly fixed,
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and therefore prevented from rotating, rotation torque
is generated by reaction on the rotor, and rotation of
the rotcor rotates the output shaft, thus making power
available to the wheel hub.

Patent US-A-2005/0035676 does not clearly specify
the relative position or connection of the electric
motor rotor and wheel hub.

Military vehicles require power-driven wheels
capable of generating more or less the same power as
axial-flow electric motors, and which at the same time
are axially compact.

More specifically, the power-driven wheels must be
capable of generating considerable power t'o overcome
steep slopes and/or travel over muddy and/or marshy

terrain.

Military vehicle certification tests also require

that vehicles be capable of extremely steep hill starts,

e.g. of 60%.

The power-driven wheels must also be axially

compact, to make the best use of available space on

military vehicles, and, for safety reasons, to expose as

few operating component parts as possible.

Military vehicles also require fast, easy

replacement of the axial-flow electric motor.

Military vehicles also require wheels equippéd with
cooling assemblies that can be changed without working

on the wheel hub.

Finally, military vehicles also require fast tyre
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inflation, without dismantling the hub-electric motor
éssembly.

It is an object of the present i1nvention to provide
a power-driven wheel for military vehicles, designed to

meet at least one of the above requirements of known

power—driven wheels.

According to the present invention, there 1is
provided a power—driven wheel, as claimed in Claim 1.

The ﬁresent invention also relates to a power-
driven wheel, as claimed in Claim 8.

The present invention also relates to a power-

driven wheel, as claimed in Claim 9.

The present 1invention also relates to a power-

driven wheel, as claimed in Claim 10.

A preferred, non-limiting embodiment of the present

invention will be described by way of example with

reference to the accompanying drawings, in which:

Figure 1 shows a cross section, with parts removed

for clarity, of a power—-driven wheel in accordance with

the present 1nvention;

Figure 2 shows a larger-scale, partly exploded view

of the Figure 1 wheel;

Figure 3 shows a larger-scale view of details of

Figure 1, with parts removed for clarity;

Figure 4 shows a larger-scale view of <further

details of Figure 1,'with parts removed for clarity.

Number 1 in the accompanying drawings indicates a

power—-driven wheel, for a mllitary vehicle,
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substantially comprising a hub 2; a tyre 3 ((Figures 1
and 2) surrounding and angularly integral with hub 2;

and an electric motor 4 (only shown schematically 1in

Figures 1, 2, 4) connected functionally to hub 2.

More specifically, wheel 1 has, and rotates about,

an axis A; and hub 2 i1s tubular.

Motor 4 1s housed 1n a <casing 5, which, as
described below, 1s axially fixed with respect to hub 2,
and retains motor 4 axially in a predetermined position
with respect to wheel 1.

With reference tco Figures 1, 2 and 4, casing 5
comprises a housing 6 for housing motor 4, and which

defines, at opposite axial ends, a retaining surface 11

facing inwards of hub 2, and an opening 14 projecting

outwards of hub 2. Casing 5 also comprises an end member

8 engaging opening 14 to grip motor 4 axially against
retaining surface 11 and hold it in a predetermined

position inside wheel 1.

Motor 4 1is an axial-flow type, and has an axis

colincident, 1n use, with axis A.

Motor 4 (Figure 3) substantially comprises two
coils 9, through which alternating electric current
flows 1in wuse; a nun;xber of permanent magnets 18
generating axial flux on coils 9 and rotéting with
respect to coils 9; and a shaft 7 angularly integral
with magnets 18 and connected functionally to hub 2.

Motor 4 also comprises a supporting body 10, which

is formed 1in two axially spaced parts, is housed
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radially loosely 1inside housing ©, and 1is gripped
axially between surface 11 of housing 6 and member 8.

Coils 9, magnets 18, and shaft 7 are housed inside

body 10.
Coils 9 and body 10 are glued to one another.

Colls 9 are offset axially, and each wound about a

respective annular core of ferromagnetic material.

Shaft 7 has an axial end 12 connected functionally
to hub 2; and a second axial end 13, opposite end 12,

connected functiénally to a brake 15 (only shown in

Figures 1 to 3) projecting axially from wheel 1. More

specifically, brake 15 comprises, in known manner, a

~disk 16, and a shoe 17 (only shown in Figure 1) which

cooperates frictionally with disk 16 to brake wheel 1.

Magnets 18 are arranged to form four axially spaced

magnetizing units 109.

Units 19 are annular, and extend radially with

respect to axis A.

Each unit 19 is defined by an annular sequence of

magnets 18 arranged with alternating polarities.

Each coll 9 is interposed axially between two units

19, so that i1ts axial ends each face a respective unit

19.

Each coil 9 is thus coupled magnetically to the

units 19 between which it is interposed.
More specifically, each unit 19 1is carried by a

flange 20 angularly integral with a flange 21 fitted to

shaft 7.
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Flanges 20 are located radially outwards of flanges
21.

Shaft 7 is advantageously housed at least partly
inside hub 2, and wheel 1 comprises an epicyclic reducer
22 (Figure 4) interposed functionally'between hub 2 and
shaft 7.

Reducer 22 comprises a sun gear 23 connected
angularly to shaft 7; a ring gear 24 fixed to surface 11
of housing 6; three planet gears (only one shown in
Figure 4) connected angularly to ring gear 24 and sun
gear 23; and a planet carrier 26 connected angularly to
hub 2 and planet gears 25.

More specifically, shaft 7 and sun gear 23 have
respective matching, meshing splines 27, 28, and are
therefore connected in angularly fixed, axially free
manner.

Planet gears 25 are equally spaced angularly, and

each extend along a respective axis B parallel to and

offset with reépect to axis A.
Each planet gear 25 has teeth 30 which, at opposite

radial ends, mesh with teeth 29 on sun gear 23, and with

teeth 31 on ring gear 24.

More specifically, teeth 30, 29 mesh in a position
radially inwards with respect to the meshing position of
teeth 30, 31.

Planet carrier 26 comprises a main body 32, of axis
A; and three pins 33 carried by main body 32 and

extending along respective axes B.
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More specifically, main body 32 surrounds sun gear

23, and comprises teeth 37 meshing with teeth 38 of a

flange 40 integral with hub 2.

Main body 32 1s axially hollow, and houses,
radially loosely, the end of sun gear 23 opposite spline

27 .

More specifically, main body 32 is defined by two

axially opposite annular flanges extending perpendicular

to axis A.

Each pin 33 1s housed inside a hole 34 defined by a
respéctive planet gear 25. More specifically, each pin
33 1s supported inside respective hole 34 by a bearing

35, so as to hinge planet carrier 26 to planet gears 25

about respective axes B.

Flange 40 1s supported inside ring gear 24 by a

bearing 41.
Reducer 22 comprises two axially spaced bearings

42, each 1interposed radially between sun gear 23 and a

respective flange of main body 32 of planet carrier 26.

As shown in Figures 1, 2 and 3, member 8 and brake
15 are axially hollow to permit insertion of a portion
of shaft 7 adjacent to end 13.

More specifically, end 13 is housed in a through

seat formed coaxially in brake 15, and is fixed to brake

15 to make shaft 7 and brake 15 angularly integral.

Member 8 1s fitted releasably to housing 6 by means

of screws.

More specifically, member 8 is fitted to housing 6



10

15

20

25

CA 02848265 2014-04-04

by a radial end opposite axis A.

As shown\ in Figure 1, a suspension 43 connects
wheel 1 to a frame 45 (shown scherdatically by a broken
line in Figure 1) of the military vehicle.

Suspension 43 comprises two arms 44, both connected
to housing 6 of casing 5 on opposite sides of axis A.

Arms 44 and frame 45 are arranged with respect to

housing 6 so that, when member 8 is removed from housing
6, motor 4 can be inserted through opening 14 without

interfering with suspension 43.

-

3ody 10 defines a cooling circuit 36 (Figure 3)

| -

located radially outwards of coils 9 and defined by a

number of helical cavities 39, along which coolant flows

through body 10 to cool motor 4.

Wheel 1 also comprises fluidic connecting means 50
(Figures 3, 4), which connect a.n inner chamber 49 of
tyre 3 fluidically to the outside to permit air

circulation by which to inflate tyre 3.

Chamber 49 is connected fluidically to the inner

tube of tyre 3 in a manner not shown.

More specifically, fluidic connecting means 50

comprise' a conduit 51 (Figure 3) extending coaxially

through shaft 7; and a conduit 52 (Figure 4) extending

through sun gear 23 and connected in fluidtight manner
to conduit 51.
Fluidic connecting means 50 also comprise a conduit

o4 (Figure 4), which is connected in fluidtight manner

to condult 52, opens inside chamber 49, and is formed in
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a pin 535 angularly integral with planet carrier 26.

More specifically, pin 55 extends axilally between
chamber 49 and sun gear 23, and comprises a portion 62

engaging an axial hole in flange 40; and a portion 63

vling,

axially opposite portion 62 and engaging an end portion
of conduit 52 facing chamber 49. Portion 62 is radially

larger than portion 63.

More specifically conduit 51 has opposite axial

ends 56, 57 connected fluidically to the outside and to |

an end 58 of conduit 52 respectively.
Conduit 51 also comprises opposite axial end
portions; and an i1ntermediate porticn larger radially

than the axial -end portions.

Conduit 52 has an axial end 59 opposite end 58 and

housing portion 63 of pin 55.

Conduit 52 increases 1in size radially from end 58

to end 58.

Conduit 54 has an axial end 60 defined by portion
63 and housed inside conduit 52; and an end 61 defined
by portion 62 and facing inwards of chamber 49.

In actual use, motor 4 1is housed 1nside casing 5
and gripped axially between surface 11 of housing 6 and

member 8.

Alternating electric current flows through coils 9,

which are swept by the magnetic flux, parallel to axis

-

A, generated.by magnets 18 of units 19.

The magnetic flux generated by units 19 generates a

torque, of axis A, on coils 9 in known manner.
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Coils 9 in turn exert on units 19 a torque of equal
intensity and also directed along axis A.

Coils 9 being angularly fixed with respect to axis
A, units 19, by reaction, rotate about axis A, thus
integrally rotating shaft 7.

Shaft 7 integrally rotates sun gear 23 of reducer
22, by virtue of the coupling defined by splines 27, 28.

Rotation of sun gear 23 rotates planet gears 25 1n
known manner about respective axes B, and revolves

planet gears 25 about axis A, while ring gear 24 remains

fixed.

Rotation of planet gears 25 in turn rotates planet
carrier 26 and hub 2 about axis A.

- In thé event of a flat tyre 3, air can be fed into
chamber 49 by means of fluidic connecting means 50 to

inflate the 1nner tube of tyre 3.

More specifically, this 1s done by connecting a
compressed-alir source to end 56 of conduit 51, so that

air flows successively along conduits 51, 52 and 54 into

chamber 49 and the inner tube of tyre 3.
Motor 4 1s removed from wheel 1 by simply removing

member 8 from housing 6 and withdrawing motor 4 through

opening 14 of housing 6.

The advantages of wheel 1 according to the present
invention will be clear from the foregoing description.

More specifically, wheel 1 generates considerable
power by employing an axial-flow motor 4, and is axially

cc;inpact, by virtue of shaft 7 being housed at least
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- 11 -

partly inside hub 2, and hub 2 and shaft 7 being
cgpnected by reducer 22.

Being epicyclic, reducer 22, 1n fact, provides for
considerable speed reduction and torque increase, while
also being axially compact.

The considerable torque 1increase achieved using

reducer 22 allows wheel 1 to overcome steep slopes

and/or to travel easily over muddy and/or marshy

terrain.

Moreover, wheel 1 1s safeguarded against damage, in
the event of attack of the military vehicle, by virtue

of most of shaft 7 being housed inside hub 2.

Body 10 not being used to connect wheel 1
structurally to frame 45, cooling circult 36 can be

replaced without interfering with either suspension 43

or frame 45.

Motor 4 can be removed from and 1inserted into

housing © extremely easily, by virtue of arms 44 of

suspension 43 being connected solely to housing 6.

Member 8 can therefore be removed from housing 6
without interfering with suspension 43, thus enabling
troublefree removal of motor 4 through opening 14.

Finally, fluidic connecting means 50 provide for

troublefree inflation of tyre 3.

Tyre 3, in fact, can be inflated by connecting the
compressed-air source to end 56 of conduit 51, without

interfering with elther hub Z or motor 4.

Clearly, changes may be made to power-driven wheel
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...12._

1 as described and illustrated herein without, however,
departing from the protective scope as defined 1n the

accompanying Claims.

In particular, coils 9 may be integral with shaft

7, and magnets 18 1lntegral with body 10.
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. What is claimed is:

1. A power-driven wheel (1) having an axis (A) and comprising:

an axial-flow motor (4) coaxial with said axis (A);

a casing (5) housing said motor (4); and a tubular hub (2) in driven connection with said
motor (4);

said casing (5) comprising a housing (6) defining a seat for said motor (4) and having an
open axial end (14); and

an end member (8) releasably engaging said open axial end (14) of said housing (6) to
orip said motor (4) inside said casing (5);

saild wheel (1) being connectable to a frame (45) of a vehicle by a connector (43)
interposed between said wheel (1) and said frame (45) so that, when said end member (8) 1s
removed from said housing (6), said motor (4) can be withdrawn completely through said open
axial end (14);

said connector (43) comprising two arms (44), both connected to said housing (6) of said
- casing (5) on opposite sides of said axis (A), wherein said motor (4) comprises two coils (9),
through which alternating electric current flows in use, a plurality of permanent magnets (138)
generating axial flux on said coils (9) and rotating with respect to the coils (9), and a shaft (7)
angularly integral in rotation with said magnets (18) and connected functionally to said hub (2),
the motor (4) further comprises a supporting body (10), which is formed in two axially spaced
parts, is housed radially loosely inside said housing (6), is gripped axially between said end

member (8) and an axially opposite surface (11) of said housing (6), and internally houses said
coils (9), said magnets (18), and said shaft (7).

2. A wheel as claimed in claim 1, wherein said motor (4) defines a cooling circuit (36)
which is axially and angularly free to move with respect to said casing (5) when said end

member (8) 1s removed from said housing (6).

3. A power-driven wheel (1) having an axis (A) and comprising:
an axial-flow motor (4) coaxial with said axis (A);

a casing (5) housing said motor (4); and a tubular hub (2) in driven connection with said
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. motor (4); said casing (5) comprising a housing (6) defining a seat for said motor (4) and having

an open axial end (14); and

an end member (8) releasably engaging said open axial end (14) of said housing (6) to
erip said motor (4) inside said casing (5);

said motor (4) defines a cooling circuit (36) which is axially and angularly free to move
with respect to said casing (5) when said end member (8) is removed from said housing (6) said
wheel (1) being connectable to a frame (45) of a vehicle by a connector (43) interposed between
said wheel (1) and said frame (45) so that, when said end member (8) is removed from said
housing (6), said motor (4) can be withdrawn completely through said open axial end (14); said
connector (43) comprising two arms (44), both connected to said housing (6) of said casing (5)
on opposite sides of said axis (A), wherein said motor (4) comprises two coils (9), through which
alternating electric current flows in use, a plurality of permanent magnets (18) generating axial
flux on said coils (9) and rotating with respect to the coils (9), and a shaft (7) angularly integral
with said magnets (18) and connected functionally to said hub (2) and wherein said motor (4)
further comprises a supporting body (10), which is formed in two axially spaced parts, is housed
radially loosely inside said housing (6), is gripped axially between said end member (8) and an

axially opposite surface (11) of said housing (6), and internally houses said coils (9), said

magnets (18), and said shaft (7).

4, A wheel as claimed in claim 3, wherein said cooling circuit (36) is defined by said
supporting body (10) and comprises a number of helical cavities (39), along which coolant tlows

through the supporting body (10) to cool said motor (4).
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