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54) Stator with terminal connector

0 An in-wheel motor is disclosed comprising a stator and a rotor arranged around the stator, the stator comprising a 
cylindrical surface and coils with windings around axially oriented bars and comprising coil terminals, the motor 
further comprising a connector comprising at least two mutually isolated conductors arranged at the first end of the 
cylindrical surface near curved ends, the conductors each comprising a circumferential conducting body and a 
plurality of contact members extending from conducting said body and arranged for connecting to one of said 
terminals, wherein the circumferential conducting bodies are axially spaced apart from each other.
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Dit octrooi is verleend ongeacht het bijgevoegde resultaat van het onderzoek naar de stand van de techniek en
schriftelijke opinie. Het octrooischrift komt overeen met de oorspronkelijk ingediende stukken.
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Stator with terminal connector

Field of the invention

The present invention relates to an in-wheel motor comprising a stator and a rotor arranged 

around the stator, the stator comprising a cylindrical surface on which a plurality of axially oriented 

bars of magnetic laminated material is arranged, wherein the axially oriented bars are spaced apart 

from each other by slots, the rotor comprising a plurality of permanent magnets arranged at an inner 

circumference of the rotor and which face radial outer surfaces of said axially oriented bars, wherein 

the stator further comprises coils with windings and terminals, and a connector for connection to 

the terminals of the coils. The invention further relates to a cylindrical body comprising a number of 

axially oriented bars of laminated magnetic material, each bar being encircled by windings of a 

respective coil having terminals, and to a ring shaped connector for connection to the coil terminals 

of such a cylindrical body.

Background art

An in-wheel drive assembly is known from WO 2013/025096 which describes an electric 

vehicle with an in-wheel electric motor in which the rotor is coupled to a rim of the wheel carrying 

one or more tyres. The stator is mounted on the frame of the vehicle via a wheel suspension system. 

The known in-wheel motor is part of a direct drive wheel in which the electromagnets of the rotor 

directly drive the rim and the tyre without any intermediate gears. In this manner, weight and space 

are saved and the number of components in the drive assembly is minimized.

The torque that is generated by the in-wheel motor depends on the flux-carrying surface 

between the rotor and the stator and is a quadratic function of the rotor radius. The rotor magnets 

are placed as far outwardly as possible around the stator, to obtain a rotor radius as large as 

possible within the fixed dimensions of the motor, and the motor design is optimised to minimize 

the gap between the rotor and the stator for delivering a maximum power and torque to the tyre. 

The gap width between rotor and stator is on the other hand designed to be large enough to absorb 

mechanical impacts on the wheel during driving conditions.

The windings of the stator are powered by control electronics that are situated within the 

stator, and which convert electrical energy from a power supply system of the vehicle, e.g. a battery 

pack and/or an electric generator, to an AC current that is suitable for use by the electric motor. 

Such control electronics typically comprise power control electronics, e.g. IGBT current modules 

and a current regulator as described in EP 1 252 034. By using the control electronics to control the 

current and/or voltage supplied to the windings of the stator, the magnetic field vector of the flux 

generated by the stator is controlled and the electric motor is operated at the desired torque and/or 

speed of rotation. By integrating the control electronics within the stator, the length of bus bars 

which run from the control electronics to the electromagnets can remain short, which is highly 

desirable in view of minimizing losses of the high electrical currents and voltages generally required 

for operating such an electric motor, which may for instance amount to 300A at 700V or more.
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In order to cool the electric motor and/or the control electronics, the known drive assembly 

is provided with a cooling system having one or more cooling channels that are situated close to an 

outer surface of the stator and/or the control electronics, through which liquid coolant can flow into 

and out of the drive assembly.

The in-wheel drive assembly can be embodied as a substantially self-contained module, 

without any moving parts of the vehicle attached to and/or extending into the rotor. The interior 

space defined by the rotor is preferably substantially closed off to prevent ingress of foreign 

particles, such as dust and/or wear particles released by a brake system of the vehicle and/or by 

the road, into said interior.

The in-wheel drive assembly may be mounted on the vehicle in a variety of positions by 

connecting the vehicle side of the drive assembly to the vehicle frame. A rim for mounting a tire 

may be attached to the rotor, preferably to a substantially cylindrical outer surface of the rotor.

The electromagnets are formed by coils which are each wound around a core which 

comprise a magnetic material. WO 2013/025096 however does not describe the manner in which 

the coils of the stator are connected to power supply lines which run from a power supply in much 

detail.

From US 2003/0173842 a three-phase DC thin brushless motor is known which is to be 

used in a hybrid automobile disposed between an engine and a transmission. The motor includes 

a rotor connected, e.g. directly connected, to a crankshaft of the engine and a ring-like stator 

enclosing the rotor. The stator includes a plurality of magnetic poles that have windings on cores, 

a stator holder that contains the magnetic poles, and an annular centralized distribution unit that 

concentratedly distributes currents to the windings. The distribution unit has a diameter greater than 

the rotor and in an exemplary embodiment comprises a plurality of bus bars which have different 

diameters and are stacked in a radial direction, each of the bus bars having a plurality of radially 

inwardly projecting tabs for connecting to the windings.

The present invention aims to provide an in-wheel motor in which the connector is easily 

connected to terminals of the coils.

It is a further object of the invention to provide an in-wheel motor with a stator having coils, 

in which the area along which the coils can generate magnetic flux is maximized.

It is a further object of the present invention to provide such an in-wheel motor comprising 

a compact connector between terminals ofcoils of the stator and power supply lines.

Summary of the invention

To this end, according to a first aspect, the invention provides an in-wheel motor comprising 

a stator and a rotor arranged around the stator, the stator comprising a cylindrical surface on which 

a plurality of axially oriented bars of magnetic laminated material is arranged, wherein the axially 

oriented bars are spaced apart from each other by slots and extend substantially in an axial direction 

from a first end of the cylindrical surface to a second end of the cylindrical surface, the rotor 

comprising a plurality of permanent magnets arranged at an inner circumference of the rotor and 

which face radial outer surfaces of said axially oriented bars, the stator further comprising coils with 
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windings and terminals, and a connector for connection to the terminals of the coils, said connector 

comprising at least two mutually isolated conductors arranged at the first end of the cylindrical 

surface near curved ends of the windings, the conductors each comprising one or more conducting 

bodies which extend circumferentially around an axis of rotation of the in-wheel motor and a plurality 

of contact members extending therefrom, wherein the contact members are arranged for connecting 

to one of said terminals, wherein the one or more conducting bodies of each conductor are spaced 

apart along the axial direction from the one or more conducting bodies of the other conductor or 

conductors.

Electrical power can thus be supplied from power a supply, via the conductors to the coils, 

with only a single isolated power supply line running from the power supply electronics to each 

conductor. The number of individual points of attachment for connecting the conductors to a power 

supply is thus minimized and the risk of electrical-breakdown occurring at such points of attachment 

is reduced.

The arrangement of the conductors, each of which is preferably formed as a bus bar, allows 

the connector to be of a compact construction. This is particularly the case when the conductor 

bodies have a width along the axial direction which is substantially smaller than the height of the 

conductor body along the radial direction of the cylindrical surface. Such a compact connector also 

increases the amount of space on the stator that remains available for the bars and the windings, 

in this manner providing a large surface area along which the coils can generate magnetic flux.

Though each conductor is preferably formed as a single unit, alternatively, each conductor 

may comprises a plurality of conducting bodies, e.g. each in the shape of a ring segment, 

conductively connected to each other. Each conductor body of a conductor is at the same phase, 

current and voltage.

The manner of connecting of the coil terminals to the connector allows the windings of the 

coils to closely follow the bars along the longitudinal direction of the bars, while the outer radius of 

the curved portion of the windings at the distal ends of the bars can be kept relatively small, e.g. 

the outer radius may be half or less than a maximum distance between outer edges of the winding 

along the longitudinal axis. By keeping the length of the curved ends along the axial direction small 

with respect to the length of the longitudinally extending portions of the windings, the total useful 

surface for generating magnetic flux for driving a rotor is maximized.

As the circumferential conductors are arranged at an end of the cylindrical surface spaced 

that is axially apart from the curved ends of the coil windings, when the connector is being positioned 

relative to the cylindrical surface, the connector can be moved axially towards the terminals until 

each of the terminals can be fixed to a corresponding contact member of a conductor. During this 

axial movement the axial distance between the terminals and their corresponding coils, and 

preferably also the radial distance therebetween, will generally remain substantially constant. This 

facilitates assembly and maintenance of the in-wheel motor as the need to individually move the 

terminals during mounting is minimized.
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In an embodiment the number of conductors is at least equal to the number of electrical 

phases for which the in-wheel motor is adapted to run. For instance, for a three-phase in-wheel 

motor, the number of conductors with circumferential bodies would at least be three.

In an embodiment the windings are concentrated windings. The curved ends of such 

windings generally take up considerably less space than curved ends of distributed windings while 

enabling a large flux to be generated by the windings and the bars.

In an embodiment the axially oriented bars each have an outer surface facing radially 

outward, wherein, when viewed in projection onto a plane normal to a centre axis of the cylindrical 

surface, the terminals and the connector lie within an incircle of the outer surfaces of the axially 

oriented bars. As no part of the coils, terminals or of the connector extend radially further outward 

than the radial outer surfaces of the bars, a rotor which surrounds the stator can be arranged with 

permanent magnets close the outer surfaces, e.g. such that an air gap between the permanent 

magnets of the rotor and the outer surfaces is within the range of 0,5 to 2 mm, preferably within the 

range of 1,0 to 1,5 mm.

In an embodiment the connector comprises a ring-shaped isolator body with at least two 

axially spaced apart grooves each holding a corresponding one of said conductors, wherein the 

contact members of said conductors each comprise a first part which extends radially from the 

corresponding conductor body and a second part which extends in a direction parallel to the axial 

direction of the isolator body, and wherein the second parts of the contact members are arranged 

side by side in a circumferential direction of the isolator body. As the second parts of the contact 

members thus extend in the axial direction, the terminals of the coils can be connected to the contact 

members s without converging towards each other. This reduces the risk of sparks occurring 

between the terminals. In this respect it is advantageous if the terminal of each coil extends from a 

lower winding, i.e. a winding of the coil that is radially close or closest to the cylindrical surface, to 

a corresponding contact member of a conductor that is axially spaced apart from the curved end of 

said lower winding. For preventing electric breakdown between the conductor bodies, the grooves 

preferably completely contain the conductor bodies, with only the contact members of the 

conductors protruding out of the grooves.

Preferably, the contact members comprise a curved portion at their side facing the axial 

bars. During assembly of the in-wheel motor, the contact members can thus be placed into contact 

with the terminals by sliding the connector axially towards the bars, in such a manner that the first 

contact between the terminals and a contact member is at the curved portion. For instance, the 

curved portion may connect the first parts to the second part, with the second part of the contact 

member extending in a direction away from the axially oriented bars. Alternatively, the second part 

may extend in a direction towards the axially oriented bars and comprise the curved portion at the 

end of the second part closest to the bars.

In an embodiment, the length of the axially oriented bars along the axial direction is greater 

than the diameter of an incircle of the outer surfaces of the axially oriented bars. A large surface for 

generating magnetic flux is thus provided.
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In an embodiment the in-wheel motor further comprises an isolating cover having an 

annular surface on which radial ribs are provided which extend parallel to the longitudinal axis of 

the annular surface, wherein said ribs are arranged between two adjacent contact members of the 

at least two conductors. The ribs further isolate the contact members from each other, by increasing 

the length of the creep path between two adjacent contact members.

In an embodiment the bars extend from a cylindrical body, each of the conducting 

circumferential bodies having an inner diameter equal to or greater than an inner diameter of the 

cylindrical body. The radial inner edges of the conducting bodies are thus arranged at a greater 

radial distance from the longitudinal axis of the cylindrical body than the inward facing surface of 

said cylindrical body, and can be supported on the isolator body.

Preferably, the cylindrical body formed and the bars are formed together as a single unit, 

allowing the cylindrical body and bars to be mounted in one go onto a cylinder such as a stator 

body. The cylindrical body is preferably made from a magnetic material, e.g. the same magnetic 

laminated material as the bars.

In an embodiment, at least two of said conductor bodies have a same inner diameter and/or 

a same outer diameter. These conductor bodies can thus be used and manufactures 

interchangeably. In case the connector comprises a third conductor body, this may have in inner 

and/or outer diameter greater than that of the at least two conductor bodies, though the radial height 

of all conductor bodies of the connector is preferably substantially the same.

In an embodiment the stator comprises a cylindrical hollow stator body having an open end, 

wherein the cylindrical surface of is mounted on said hollow stator body with its first end towards 

the open end, wherein the connector is arranged axially between the first end of the cylindrical 

surface end and the open end of the hollow stator body. The open end is preferably arranged at a 

road side of the in-wheel motor. Thus, additional parts of components of the in-wheel motor can be 

placed inside the stator body from a road side of a vehicle and without detaching the stator from 

the vehicle.

In an embodiment the in-wheel motor further comprises power control electronics arranged 

within the stator, wherein conductors are arranged at a road side of the stator and are connected 

to the power control electronics. The power control electronics, which for instance comprise IGBTs 

for converting electrical power to a form suitable for driving the in-wheel motor, can thus easily be 

mounted inside the stator, or inspected, from the road side of a vehicle. During mounting and/or 

inspection of the power control electronics the in-wheel motor may remain attached to the vehicle.

In an embodiment, when viewed in the radial direction, each ofthe bars comprises a middle 

section around which windings of said coils are wound, wherein the radial outer surface of each bar 

has a width greater width than a width ofthe corresponding middle section. The width ofthe radial 

outer surface and of the middle section is measured along the circumferential direction of the 

plurality of bars. A substantial part of the windings of the coils is thus surrounded by the bars. 

Preferably, the gaps between the radial outer surfaces have a surface area which is less than 10% 

of the sum of radial outer surfaces of the bars.
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According to a second aspect, the present invention provides a cylindrical body comprising 

a plurality of axially oriented bars of laminated magnetic material separated by axial slots, each bar 

being encircled by windings of a respective coil having terminals, wherein the axially oriented bars 

each have an outer surface facing radially outward, wherein, when viewed in projection onto a plane 

normalto a centre axis ofthe cylindrical body, the terminals lie within an incircle of the outer surfaces 

of the axially oriented bars. The radial outer surfaces ofthe terminals are preferably inscribed by a 

circle. The cylindrical body is preferably a cylindrical body for an in-wheel motor as described 

herein, and comprising the cylindrical surface thereof.

In an embodiment, when viewed in projection onto a plane normal to a centre axis ofthe 

cylindrical body, the terminals lie outside an inner radial surface ofthe cylindrical body. Preferably, 

in said projection, the entire connector also lies substantially on and/or outside said inner radial 

surface.

In an embodiment, the terminal of each coil extends from a lower winding ofthe coil away 

from the bars and away from the longitudinal axis ofthe cylindrical body. The terminals thus do not 

converge towards the longitudinal axis ofthe body but remain spaced apart from each other at fixed 

distances. The free ends of the terminals preferably extend parallel to each other to facilitate 

connection to the connector.

According to a third aspect, the present invention provides a ring-shaped connector for 

connection to coil terminals, the connector comprising a ring-shaped isolator body with at least two 

axially spaced apart slots, wherein in each slot a conductor is provided which comprises a one or 

move circumferentially arranged conductor bodies and a plurality of circumferentially spaced 

contact members, each of said contact members comprising first part extending radially from a 

corresponding one of said one or more conductor bodies, and an axially extending second part, the 

second parts ofthe contact members being situated side by side in a circumferential direction of 

the isolator body for receiving the coil terminals.

In an embodiment the ring shaped connector is adapted to be mounted on an a stator which 

is provided with axially extending bars around which the coils are wound, e.g. as described earlier 

herein, wherein the contact members each comprise a curved portion at their side facing the axial 

bars.

The ring-shaped connector can thus be arranged to contact coil terminals ofthe stator by 

axially moving the ring shaped connector towards the stator such that initial contact with between 

the terminals and the contact members is at the curved portions

In an embodiment the free ends ofthe second parts ofthe conductors lie on a common 

circle. Sufficient contact between the contact members and the terminals can thus be ensured when 

the ring shaped connector has been mounted to the cylindrical surface, e.g. once the ring shaped 

connector has been attached to the first edge ofthe cylindrical surface.
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In an embodiment the contact members of the ring-shaped connector are connected to 

terminals of a cylindrical body as described herein. The ring shaped connector and the cylindrical 

body thus form a kind connection similar to plug and socket connection.

Short description of drawings

The present invention will be discussed in more detail below, with reference to the attached 

drawings, in which

Figs. 1A and 1B respectively show a cross-sectional view and an cut-away isometric view 

of a drive assembly for use with the present invention,

Fig. 2 shows a stator as may be used in the in-wheel motor of Figs. 1A and 1B;

Fig. 3 shows a detail of a connector of Fig 2, and;

Figs. 4A shows a portion of a cylindrical body according to the present invention, as may 

be part of the stator of Fig. 2.

Description of embodiments

Figure 1A shows a cross-sectional view of a drive assembly 1 for use with the present 

invention. The drive assembly comprises a stator 30 with a hollow stator body 31 which has an 

outer surface 32 around which a rotor 60 is arranged. The drive assembly further comprises an 

connector stub 33, arranged at a vehicle side 2 of the assembly 1 for attaching the drive assembly 

to the vehicle. The connector stub 33 comprises a shaft 34 and flange 35 which is fixedly connected 

to the stator body 31. The flange 35 lies within the rotor 60 and has a larger diameter than a portion 

36 of the shaft 34 which lies outside the peripheral surface 63 of the rotor 60. For supporting 

rotational movement of the rotor 60 around the axis of rotation R, vehicle side bearings 52 are 

provided via which the rotor supported on the stub 33 on the vehicle side. On the road side 3, the 

rotor is rotatingly supported on the stator body 31 via road side bearings 53.

A plurality of permanent magnets 61 is attached on an inner circumferential surface 62 of 

the rotor 60 and can rotate around electromagnets 41 of the stator 30. The electromagnets 41 are 

fixed on the stator body 31 and drive rotation of the rotor by interaction between the permanent 

magnets 61 and the magnetic flux generated by the electromagnets 41. The stator 30 and rotor 60 

form an electric motor adapted for directly driving rotation of a wheel around axis of rotation R. For 

controlling and powering the electromagnets 41, power control electronics 42 are arranged within 

the hollow stator body 31. The power control electronics 42 comprise components, such as IGBT’s, 

for converting electrical energy from a power supply system of the vehicle, e.g. a battery pack and/or 

an electric generator, to an AC form suitable for use by the electric motor. A resolver 81 provides 

an angular position signal indicative of an angular position of the rotor to the power control 

electronics so that the alternating current is supplied in phase with the magnetic field of the rotor.

To prevent overheating of the power control electronics when the electric motor is in 

operation, cooling ducts (not shown) are provided close to the power control electronics 42 within 

the interior of the stator body 31 and spaced apart from the body 31. Coolant is supplied to the 
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cooling ducts via a coolant supply channel 45 which runs through the connector stub 33 from the 

exterior of the rotor to its interior. After having cooled the power control electronics 42, the coolant 

flows via passage 46 in the connector stub 33, to a cooling jacket 37 which is provided on the outer 

surface 32 of the stator body 31. The cooling jacket 37 is provided with channels 38 which form a 

circuit that runs along the hollow cylindrical body 31 and provides a passage through which liquid 

coolant flows to cool the electromagnets 41 which are arranged at an outer side 40 of the cooling 

jacket 37. Relatively cold coolant can thus be supplied through the coolant supply channel 45 with 

the coolant warming up during its passage through the cooling ducts and absorbing heat energy 

from the power control electronics 42, and subsequently passing through channels 38 to absorb 

heat-energy from the electromagnets 41 before being removed from the drive assembly 1 and led 

back to the vehicle through a coolant discharge channel (not shown) which extends through the 

connector stub 33. The warmed up coolant is preferably cooled in a heat exchanger on the vehicle, 

after which it is recirculated through the coolant supply channel 45.

Power supply lines 43a, 43b for supplying power to the power control electronics 42 run 

from the exterior of the rotor 60, through passage 44 in the connector stub 33, to the power control 

electronics.

The rotor 60 comprises a substantially cylindrical rotor body 71 which has transverse ends 

72,73 respectively at its vehicle side 2 and at its road side 3. Both transverse ends 72,73 are 

substantially closed off in order to prevent foreign particles, such as dust and wear particles from 

the road or released by a braking system of the vehicle, from entering the interior of the hollow rotor 

60. The vehicle side of the rotor is substantially closed off by a side plate 74 which extends 

transversely to the axis of rotation R and by a cover plate 75. The side plate 74 and cover plate 75 

are each provided with an opening through which the portion 34 of the connector stub 33 extends. 

The side plate 74 supports the vehicle side bearings 52 while the cover plate 75 is attached to the 

side plate 74 to cover the bearings 51 at their transverse vehicle side 2 and comprises an opening 

77 through which portion 34 extends. The cover plate 75, together with a shaft seal 78 which is 

arranged between the inner circumferential edge 79 of the opening 77 and the outer circumference 

of the shaft 34 of the connector stub 33, prevents foreign particles from damaging the vehicle side 

bearings 52. Additionally, the cover plate 75 and shaft seal 78 substantially prevent such particles 

from entering the interior 5 of the rotor from the vehicle side 2, where the particles could interfere 

with the electromagnets 41.

The road side bearings 53, which are arranged at an inner side of the stator body 31, are 

covered on the road side 3 by a second cover plate 80. A resolver 81 rotationally connects the 

stator 30 to the second side plate 80 and is adapted for detecting an angular position of the rotor 

60 relative to the stator 30.

Fig. 1B shows a partially cut-away isometric view of the drive assembly of Fig. 1 A, in which 

the second cover plate 80 and the road side bearings 53 however are not shown to allow a better 

view of the hollow stator body 31 and the resolver 81;

Fig. 2 shows a stator 230 of an in-wheel motor according to the present invention, which 

may correspond to the stator 30 shown in Figs 1A and 1B. The stator 230 has a hollow stator body 
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231 with an open end 207 at a road side of the stator. At an opposite side, i.e. the vehicle side, the 

stator comprises a connector stub 233 for fixed attachment of the motor to a vehicle.

Fig. 3 shows a detail of the connector 250 of Fig. 2, but showing no part of the stator other 

than the cylindrical surface 210. The cylindrical surface may be arranged directly adjacent to the 

outer surface 38 of the cooling jacket 37 shown in Figs. 1A and 1B, and or arranged on the stator 

body 231 of Fig 2. The cylindrical surface is provided with a plurality of bars 211 of a magnetic 

laminated material. The bars extend from a first end 214 to a second end 215 of the cylindrical 

surface 210 parallel to axial direction A and have a length I. In the example shown the length I is 

greater than the inner diameter d of the cylindrical surface on which the bars 211 are arranged. 

Each of the bars 211 has a middle section around which the windings of a coil are wound, which 

middle section has a width that is smaller than the width of the bar’s radial outer surface 212.

Coils 240 with windings 241, 242, 243 are provided around the bars, with the windings 

having portions of a length substantially equal to the length I and which run substantially parallel 

the bars, as shown in Fig. 2. At the transverse ends of the bars the windings comprise curved ends 

241 a,242a,243 and opposite curved ends 241b,242b, 243b. Terminals 244, 245, 246 of the coils 

are all arranged at one side of the cylindrical body 210, near the first end 214. Each terminal extends 

from a lower winding of the coil away from the bars 211 and away from the longitudinal axis M of 

the cylindrical body 210, without converging towards the longitudinal axis of the body. The end 

points of the terminals thus lie on a circular contour.

The terminals are connected to three isolated conductors 254, 255, 256, each for carrying 

current at a different phase. The conductors 254,255,256 comprise respective circumferential 

conductor bodies 257,258, 259 which are axially spaced apart from each other. The conducting 

bodies, which have substantially equal widths w1 ,w2,w3 along the axial direction A and substantially 

equal heights h1,h2,h3 along the radial direction, are held by an isolating body 260, in grooves 

261,262,263 thereof. The grooves have heights greater than or equal to the heights of the 

conducting bodies to isolate the bodies from each other. A plurality of contact members 264, 265, 

266 extend from each conductor body out of the corresponding groove, for making contact with the 

terminals. A first portion 266a of each contact member extends substantially radially, and a second 

portion 266b extends substantially parallel to the axial direction of the isolator body 260. The part 

of the contact members that faces the bars 211 is curved, so that the terminals may easily be slid 

onto the second portions. The difference in length of the second portions of the conducting bodies 

may thus be equal to the distances at which the conducting bodies are axially spaced apart from 

each other.

Each terminal extends from a lower winding of its corresponding coil, to a contact member 

of a conductor that is axially and radially spaced apart from the curved end of said lower winding. 

The second portions of the contact members extend substantially parallel to each other and have 

lengths selected such that their free ends 264c, 265c, 266c lie on a common circle.

Another view of the connector 250 is shown in Fig 4A. The bars 211 extend from a 

cylindrical body 218 which is made from the same laminated magnetic material as the bars and 

which provides or lies against the cylindrical surface 210 of the stator. The cylindrical body 218 can 
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be mounted on stator body 231, e.g. by interference fitting the cylindrical body thereto, separate 

from the connector 250. Once the cylindrical body 218 is mounted on the stator, the connector 250 

can be attached by sliding it along sloped end portion 234 ofthe stator body 230 (see Fig. 2) until 

it reaches the position shown in Fig. 4A. By sliding the connector in this manner onto the stator the 

connector is radially aligned with the stator, while the terminals may make sliding contact with the 

curved portions and second ends ofthe contact members until edge 251 ofthe connector abut the 

first end 214 ofthe cylindrical surface. The connector may thus easily be mounted on the stator 

from the road side ofthe in wheel motor, e.g. in a similar fashion as a plug is mounted in a socket.

If the cylindrical body 218, coils 240, terminals 244, 245, 246 and conductors 254, 255, 256 

a projected onto a plane normal to a centre axis ofthe cylindrical surface 118 the coils, including 

terminals 244,245, 245, and the connector 250, including conductors 254,255, 256 all lie completely 

within an incircle ofthe radial outer surfaces 212 ofthe bars 211, and completely outside ofthe 

inner surface 221 ofthe cylindrical body 218.

In summary, the invention relates to an in-wheel motor with a stator and a rotor arranged 

around the stator, the stator comprising a cylindrical surface and coils with windings around axially 

oriented bars and comprising coil terminals, the motor further comprising a connector comprising 

at least two mutually isolated conductors arranged at the first end ofthe cylindrical surface near 

curved ends, the conductors each comprising a circumferential conducting body and a plurality of 

contact members extending from conducting said body and arranged for connecting to one of said 

terminals, wherein the circumferential conducting bodies are axially spaced apart from each other.

The present invention has been described above with reference to a number of exemplary 

embodiments as shown in the drawings. Modifications and alternative implementations of some 

parts or elements are possible, and are included in the scope of protection as defined in the 

appended claims.
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Conclusies

1. In-wiel motor omvattend een stator (230) en een rotor (60) die om de stator is gerangschikt, 

waarbij de stator (230) een cilindrisch oppervlak (210) omvat waarop een veelvoud aan axiaal 

georiënteerde staven (211) van magnetisch gelamineerd materiaal is gerangschikt, waarbij de 

axiaal georiënteerde staven door middel van sleuven (213) op afstand van elkaar zijn geplaatst en 

zich in hoofdzaak in een axiale richting (A) uitstrekken vanaf een eerste eind (214) van het 

cilindrisch oppervlak naar een tweede eind (215) van het cilindrisch oppervlak, waarbij de rotor een 

veelvoud aan permanente magneten omvat die zijn gerangschikt aan een binnenomtrek van de 

rotoren zijn gekeerd naar radiale buitenoppervlakken van de axiaal georiënteerde staven, waarbij 

de stator (230) verder omvat spoelen (240) met windingen (241,242, 243) en aansluitpunten (244, 

245, 246), en een connector (250) voor verbinding met de aansluitpunten (244, 245, 246) van de 

spoelen,

waarbij de connector ten minste twee wederzijds geïsoleerde geleiders (254, 255, 256) 

omvat die zijn gerangschikt bij het eerste eind van het cilindrisch oppervlak (210) nabij gekromde 

einden (241a, 242a, 243a) van de windingen (241, 242, 243), waarbij de geleiders elk omvatten 

een of meer geleidende lichamen (257, 258, 259) die zich in omtreksrichting rond een rotatie-as 

van de in-wiel motor uitstrekken en een veelvoud aan contactelementen (264, 265, 266) die zich 

daarvan uit uitstrekken, waarbij de contactelementen zijn gerangschikt om te verbinden met een 

van de aansluitpunten (244, 245, 246), waarbij de een of meer geleidende lichamen (257, 258, 259) 

van elke geleider langs de axiale richting op afstand zijn geplaatst van de een of meer geleidende 

lichamen van de andere geleider or geleiders.

2. In-wiel motor volgens conclusie 1, waarbij de axiaal georiënteerde staven (211) elk een 

radiaal naar buiten gekeerd buitenoppervlak (212) hebben, waarbij, wanneer bezien in projectie op 

een vlak normaal aan een centrale as van het cilindrisch oppervlak (220), de aansluitpunten 

(244,245,246) en de connector (250) binnen een ingeschreven cirkel (C) liggen van de 

buitenoppervlakken (212) van de axiaal georiënteerde staven (211).

3. In-wiel motor volgens een der voorgaande conclusies, waarbij de connector (250) een 

ringvormig isolatorlichaam (260) omvat met ten minste twee axiaal op afstand geplaatste groeven 

(261,262,263) die elk een corresponderende van de geleiders houden, waarbij de 

contactelementen van de geleiders elk een eerste gedeelte (266a) dat zich radiaal uitstrek vanaf 

het corresponderende geleiderlichaam en een tweede gedeelte (266b) dat zich uitstrekt in een 

richting parallel aan de axiale richting van het isolatorlichaam (260) omvatten, en waarbij de tweede 

gedeelten van de contactelementen in een omtreksrichting van het isolatorlichaam zij-aan-zij zijn 

gerangschikt.
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4. In-wiel motor volgens een der voorgaande conclusies, waarbij de lengte (L) van de axiaal 

georiënteerde staven langs de axiale richting (A) groter is dan de diameter (d) van een 

ingeschreven cirkel van de buitenoppervlakken van de axiaal georiënteerde staven.

5. In-wiel motor volgens een der voorgaande conclusies, waarbij de staven zich uitstrekken 

vanaf een cilindrisch lichaam (218), waarbij elk van de geleidende omlopende lichamen een 

binnendiameter heeft die gelijk aan of groter is dan een binnendiameter van het cilindrisch lichaam.

6. In-wiel motor volgens een der voorgaande conclusies, waarbij de stator een hol-cilindrisch 

statorlichaam (231) met een open eind (231) omvat, waarbij het cilindrisch oppervlak is gemonteerd 

op het holle statorlichaam met het eerste eind (214) in de richting van het open einde, waarbij de 

connector axiaal tussen het eerste eind (214) van het cilindrisch oppervlak en het open eind van 

het holle statorlichaam is geplaatst.

7. In-wiel motor volgens een der voorgaande conclusies, verder omvattend 

vermogensaansturingselektronika die binnen in de stator is geplaatst, waarbij geleiders aan een 

rijweg-zijde van de stator zijn gerangschikt en zijn verbonden met de 

vermogensaansturingselektronika.

8. In-wiel motor volgens een der voorgaande conclusies, waarbij, wanneer bezien in de radiale 

richting, elk van de staven (211) een middendeel (219) omvat waar omheen de windingen van de 

spoelen zijn gewonden, waarbij het radiale buitenoppervlak van elke staaf een breedte grotere 

breedte heeft dan een breedte van het overeenkomstige middendeel.

9. Cilindrisch lichaam (218) omvattend een veelvoud aan axiaal georiënteerde staven (211) van 

gelamineerd magnetisch materiaal die door axiale sleuven (213) zijn gescheiden, waarbij elke staaf 

omcirkeld is door windingen van een respectievelijke spoel die aansluitpunten heeft, waarbij de 

axiaal georiënteerde staven elk een buitenoppervlak (212) hebben dat radiaal naar buiten is 

gekeerd, waarbij, wanner bezien in projectie op een vlak normaal op een centrale as van het 

cilindrisch lichaam, de aansluitpunten binnen een ingeschreven cirkel van de buitenoppervlakken 

van de axiaal georiënteerde staven liggen.

10. Cilindrisch lichaam volgens conclusie 9, waarbij, wanneer bezien in projectie op een vlak 

normaal aan een centrale as van het cilindrisch lichaam (218), de aansluitpunten buiten een 

binnenste radiaal oppervlak van het cilindrisch lichaam liggen.

11. Cilindrisch lichaam volgens conclusie 9 of 10, waarbij het aansluitpunt van elke spoel zich 

uitstrek vanuit een lagere winding van de spoel weg van de staven en weg van de longitudinale as 

van het cilindrisch lichaam.
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12. Ringvormige connector voor verbinding met spoel-aansluitpunten, waarbij de connector een 

ringvormig isolatorlichaam omvat met ten minste twee axiaal op afstand geplaatste sleuven, waarbij 

in elke sleuf een geleider is verschaft die een of meer in omtreksrichting gerangschikte 

geleidingslichamen omvat en een veelvoud aan in omtreksrichting op afstand geplaatste 

contactelementen, elk van de contactelementen omvattend een eerste gedeelte dat zich radiaal 

uitstrekt vanaf een corresponderende van de een of meer geleiderlichamen en een zich axiaal 

uitstrekkend tweede gedeelte, waarbij de tweede gedeelten van de contactelementen zij-aan-zij 

zijn geplaatst in een omtreksrichting van het isolatorlichaam om de aansluitpunten van de spoel op 

te nemen.

13. Ringvormige connector volgens conclusie 12, waarbij de ringvormige connector is ingericht 

om te worden gemonteerd op een stator die is voorzien van zich axiaal uitstrekkende staven waar 

omheen de spoelen zijn gewonden, waarbij de contactelementen elk een gekromd gedeelte 

omvatten aan hun zijde die naarde axiale staven is gekeerd.

14. Ringvormige connector volgens conclusie 12 of 13, waarbij de vrije uiteinden van de tweede 

gedeelten van de geleiders op een gemeenschappelijke cirkel liggen.

15. Ringvormige connector volgens conclusie 12, 13 of 14, met de contactelementen daarvan 

verbonden met aansluitpunten van een cilindrisch lichaam volgens een der conclusies 9-11.



Fi
g.

 1A
<N
Q

Q

30
 46

 
38

 
37

 39 
32

 62 
61

 41 
31



CQ

σ> 
U-



25
0

21
5 

24
3 24

2 
24

1 
24

1a
 \ 2

43
a

24
2a

CXI 
O)■

LU



u_



Ό

24
2a

 243
b

O)
LL



14

Abstract

An in-wheel motor is disclosed comprising a stator and a rotor arranged around the stator, the stator 

comprising a cylindrical surface and coils with windings around axially oriented bars and comprising 

5 coil terminals, the motor further comprising a connector comprising at least two mutually isolated 

conductors arranged at the first end of the cylindrical surface near curved ends, the conductors 

each comprising a circumferential conducting body and a plurality of contact members extending 

from conducting said body and arranged for connecting to one of said terminals, wherein the 

circumferential conducting bodies are axially spaced apart from each other.
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Re Item V

Reasoned statement with regard to novelty, inventive step or industrial 
applicability; citations and explanations supporting such statement

Reference is made to the following documents·.

DI EP 3 128 650 Al (ALBER GMBH [DE]) 8 februari 2017 (2017-02-08)

D2 WO 2016/170276 A1 (VALEO EQUIP ELECTR MOTEUR [PR]) 27
oktober 2016 (2016-10-27)

D3 WO 20167184622 A1 (ZAHNRADFABRIK FRIEDRICHSHAFEN [DE]) 24
november 2016 (2016-11 -24)

D4 WO 2013/025096 A1 (E TRACTION EUROPE BV [NL]; HEINEN
ADRIANUS JOHANNES [NL]; SEVENTER TIM) 21 februari 2013 
(2013-02-21 )in de aanvraag genoemd

1 lack of novelty

1 -,.1 The present application does not meet the criteria of patentability, because
the subject-matter of claim 9 is not new.
Document D1 (the references refer to this document) discloses:

Cilindrisch lichaam (Stator) omvattend een veelvoud aan axiaal 
georiënteerde staven (Zahne) van gelamineerd magnetisch materiaal 
die door axiale sleuven zijn gescheiden,

waarbij elke staaf omcirkeld is door windingen van een respectievelijke 
spoel die aansluitpunten heeft,

waarbij de axiaal georiënteerde staven elk een buitenoppervlak hebben 
dat; radiaal naar buiten is gekeerd,
waarbij, wanner bezien in projectie op een vlak normaal opeen centrale 
as van het cilindrisch lichaam, de.aansluitpunten (226) binnen een 
ingeschreven cirkel van de buitenoppervlakken van de axiaal 
georiënteerde staven liggen

(abstract; par. [0033)-(0038]; fig. 1, 17-20).

rCTm NL237-3 sCeet.; i'July SC-OE; Ïshe-öT 1)
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2 lack of inventive step

2.1 The present application does not meet the criteria of patentability, because 
the subject-matter of claim 1 does not involve an inventive step.
Document D1 is regarded as being the prior art closest to the subject-matter 
of claim 1, and discloses :

Motor omvattend een stator en een rotor die om de stator is 
gerangschikt,

waarbij de stator een cilindrisch oppervlak omvat waarop een veelvoud 
aan axiaal georiënteerde staven (Zahne) van magnetisch gelamineerd 
materiaal is gerangschikt.

waarbij de axiaal georiënteerde staven door middel van sleuven op 
afstand van elkaar zijn geplaatst en zich in hoofdzaak in een axiale 
richting uitstrekken vanaf een eerste eind van het cilindrisch oppervlak 
naar een tweede eind van het cilindr.sch oppervlak,

waarbij de rotor een veelvoud aan permanente magneten omvat die zijn 
gerangschikt aan een binnenomtrek van de rotor en zijn gekeercl naar 
radiale buitenoppervlakken van de axiaal georiënteerde staven,
waarbij de stator verder omvat spoelen met windingen en 
aansluitpunten. en een connector (200) voor verbinding met de 
aansluitpunten van de spoelen,

waarbij de connector (200) ten minste twee wederzijds geïsoleerde 
geleiders (210) omvat die zijn gerangschikt bij het eerste eind van het 
cilindrisch oppervlak nabij gekromde einden van de windingen,

waarbij de geleiders eik omvatten een of meer geleidende lichamen die 
zich in omtreksrichting rond een rotatie-as van de in-wiel motor 
uitstrekken en een veelvoud aan contactelementen (220) die zich 
daarvan uit uitstrekken,
waarbij de contactelementen (220) zijn gerangschikt om te verbinden 
met een van de aansluitpunten

(abstract; par. [0033)40038]; fig.. 1,17-20).

It is remarked that document D1 dees not explicitly mention the possibility to 
use this motor as an in-wheel motor, but this possibility is well known in the 
art (see document D4: claims 1, 12, 13; fig. 1 A) and the motor in document 
D1 could easily be used as such without applying any changes thereto.
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Th© subject-matter of claim 1 therefore differs from this known connector in 
that;

de een of meer geleidende lichamen van elke geleider langs de axiale 
richting op afstand zijn geplaatst van de een of meer geleidende 
lichamen van d© andere geleider or geleiders

and is therefore new.
The problem to be soived by the present invention may therefore be regarded 
as providing an alternative configuration of the conductors.
The solution proposed in claim 1 of the present appiication cannot be 
considered as involving an inventive step for the following reasons:

The act of arranging the conductors axially next to each other instead ef 
radially is supposed to be merely one of several straightforward 
possibilities, from which the skilled person would select, in accordance 
with circumstances, without the exercise of inventive skill, in order to 
solve the problem posed. Additionally, this feature has already been 
disclosed in the prior art, see document D2 (abstract; fig. 1-6),

2.2 The present application does not meet the criteria of patentability, because 
the subject-matter of claim 12 does not involve an inventive step.

Document D2 is regarded as being the prior art closest to the subject-matter 
of claim 12, and discloses:

Ringvormige connector (20) voor verbinding met spoel-aansluitpunten, 
waarbij de connector een ringvormig isolatorlichaam (215) omvat met 
ten minste twee axiaal op afstand geplaatste sleuven, waarbij in elke 
sleuf een geleider (210) is verschaft die een of meer in omtreksrichting 
gerangschikte geleidingslichamen omvat en een veelvoud aan in 
omtreksrichting op afstand geplaatste contactelementen (220)

(abstract; fig. 1-6),
The subject-matter of claim 12 therefore differs from this known connector in 
that:

elk van de contactetementen omvattend een eerste gedeelte dat zich 
radiaal uitstrek! vanaf een corresponderende van d© een of meer 
geleiderlichamen en een zich axiaal uitstrekkend tweede gedeelte, 
waarbij de tweede gedeelten van de contactelementen zij-aan-zij zijn 
geplaatst in een omtreksrichting van het isoiatorlichaam om de 
aansluitpunten van de spoel op te nemen
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and is therefor® new.

The problem to be solved by the present invention may therefore be regarded 
as providing an alternative design of the connection point
The solution proposed in ciaim 12 of the present application cannot be 
considered as involving an inventive step for the following reasons:

In contrast to document D2 the connection points are bent by 90T which 
provides a different angle for connecting the winding ends. The act of of 
just changing the assembly angle is supposed to be merely one of 
several straightforward possibilities, from which the skilled person would 
select, in accordance with circumstances, without the exercise of inven
tive skill, in order to solve the problem posed.

3 dependent claims, negative assessment

Dependent claims 2-8, 10, 11 and 13-15 do not contain any features which, in 
combination with the features of any claim to which they refer, meet the 
requirements of novelty and/or inventive step, see

for claim 6: document Dl (abstract; par. [0033]-[0038]; fig. 1, 17-20).
for claims 2, 10, 13: document D2 (abstract; fig. 1-6),

for claim 5: document D3 (abstract; fig. 1),

for claim 7; document D4 (claims 1, 12, 13; fig. 1A).
The features of claims 3, 4, 8, 11,13-15 are merely some of several straight
forward possibilities from which the skilled person would select, in accordance 
with circumstances, without the exercise of inventive skill, in order to solve the 
problem posed.

4 industrial applicability

The industrial applicability of the subject matter of the claims is beyond any 
doubt.
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Certain defects in the application

T The independent ciaims are not in the two-part form, which in the present 
case would be appropriate, with those features known in combination from 
the prior art being placed in the preamble and the remaining features being 
included in the characterising part

2 The relevant background art disclosed in documents D1-D3 is not mentioned 
in the description, nor are these documents identified therein.

Certain observations on the application

1 Claims 1,9 and 12 are not clear.
Although claims 1,9 and 12 have been drafted as separate independent 
claims, they appear to relate effectively to the same subject-matter and to 
differ from each other only with regard to the definition of the subject-matter 
for which protection is sought and in respect of the terminology used for the 
features of that subject-matter. In detail, the combination of features 
mentioned in claim 9 has already been mentioned in claims 1 and 2; the 
combination of features mentioned in claim 12 has already been mentioned in 
claims 1 and 3. The aforementioned claims therefore lack conciseness.
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